270

XV MEXJIYHAPOJHAS KOHOEPEHIINA CTYIEHTOB, ACIITMPAHTOB 1 MOJIOJbIX YYEHBIX
«TEPCIIEKTUBbI PA3BUTUA ®YHAAMEHTAJIbHBIX HAVK»

HUCCIEJIOBAHUE CTABMJIBHOCTHU IMHKOBBIX KOMIIJIEKCOB TUITUPPOMETEHOB
B MIPOTOHOAOHOPHBIX CPEJIAX
A.A. TIpokoneHKo

Hayunsrit pykoBoauTens: npodeccop, a.¢us.-mat. H. P.T. Ky3nenosa
HanunonaneHelil nccnenoBaTesnbckuil TOMCKUM roCy1apCTBEHHbIN YHUBEPCUTET,
Poccus, r. Tomck, np. Jlenuna, 36, 634050
E-mail: alexpr898@gmail.com

RESEARCHING OF STABILITY OF ZINC DIPYRROMETHENE COMPLEXES
IN PROTIC MEDIA
A.A. Prokopenko
Scientific Supervisor: Prof., Dr. R.T. Kuznetsova
Tomsk State University, Russia, Tomsk, Lenin str., 36, 634050
E-mail: alexpr898@gmail.com

Abstract. At present a study of complexes of dipyrromethene complexes with different structure is one of the most
successfully developing areas of modern chemistry. The most perspective members of this family are boron
fluorinated complexes of dipyrromethenes (BODIPY). Depending on the structure of the ligand and a solvent,
they have optimal characteristics for the fluorophores: high fluorescence quantum yield, a good photostability.
Also, dipyrromethene can form stable complexes with ions of d-elements, such as Zn(Il). The main advantage
complexes of Zn(Il) with dipyrromethens is easy to "self-assembly" in the "soft" conditions on complexing ions in
solutions and in biological systems, as well as high sensitivity spectral-luminescence characteristics to changes
in the structure of the chromophore and the nature of the solvent. Systematic observation of photochemical and
photophysical properties and establishment of their connection with structural features of the complexes are
required for successful usage of dipyrromethene complexes and creation of various hi-tech optical devices which
are based on them. Therefore, the purpose of the work is to study the spectral-luminescent properties and
stability in protic media of different complexes of dipyrromethenes with zinc the optimal combination of which
will indicate the direction of the most effective use of these dyes. For successful application of such complexes
need to know something of their behaviors in different solvents, including when acids and alkalides are present,
since the stabilities of fluorophores in acidic/alkaline media are closely related to their applicabilities. The
complexes stabilities in the ground and excited states are estimated by spectrophotometric titration of ethanol

solutions of compounds using water—ethanol solutions of hydrochloric acid.

Beenenue. B mocnexnHue TonBI CYHNIECTBEHHO BO3POC HMHTEPEC K H3YYCHHIO (OTODUHUECKHX U
(hOTOXMMHUYECKHX CBOHCTB KOMIUIEKCOB pP- M d-3JIEMEHTOB C IWUMHMPPOMETEHAMH JUIS HMX IOCIEIYIOIIETO
UCTIONB30BAaHMA B KAaueCTBE COBPEMEHHBIX ONTHYECKHMX YCTPOMCTB: JIIOMHHECIIEHTHBIX 30HIOB, JIa3€pHO-
AKTHBHBIX CpEJl, ONTHYECKHX CEHCOPOB, (OTOCEHCHOMIM3aTOPOB CHHIIeTHOro kuciopoaa ('0,) u T [1]. Jlns
LIeJICHANPaBJICHHOTO BBIOOpPa M IOCJEIYIOIIEr0 CHHTE3a TAKUX COCAMHEHUH Ui KOHKPETHBIX ONTHYECKHX
YCTPOWUCTB HEOOXOIMMO U3yUYEHHUE CBSI3H CTPYKTYPHI JIMTAH/I0B, THIIA KOMIUIEKCOO0Pa30BaTelisi U pacTBOPUTEIS

CO CICKTPAJIbHO-TFOMUHCCICHTHBIMU CBOICTBAaMHM JITHX COCIIHH@HHFI B pa3HbIX Cpcaax. B HacCTosdIIee BpeMs
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HauOoJiee MOIXOAAUIMMHU JJIs JAHHBIX LEJICH SIBIISIOTCS KOMIUICKCHI JUIMUPPOMETCHOB ¢ HUHKOM [Zn(dpm);].
Onu 007a1a10T JIETKOH «CaMOCOOPKOI» B «MSATKUX» YCIIOBHSIX Ha HOHAX KOMILIEKCOOOpa3oBaTeiel B pacTBOpax
u B OMOCHCTEMax, a TakKe BBICOKOW YYBCTBHUTEIHHOCTHIO CIIEKTPaJIbHO-TIOMHUHECIEHTHBIX XapaKTEPHCTHK K
W3MEHEHHSM CTPYKTYpbl XxpoMmModopa ¥ CBOMCTB Cpenpl, YTO JelaeT HX BECbMa MEPCHEKTHBHBIMH
JMOMUHECHEHTHBIMA 30HAamMu [2]. [ mpakTHYecKOoro HCHOJIh30BaHUS B KAaUeCTBE ONTHYECKUX YCTPOHCTB
HEO0OXOIMMO BBHIOMpaTh HaWOOJee YCTONUYMBBIC B PA3HBIX 3JIEKTPOHHBIX COCTOSHUSX M KHCIOTHO-OCHOBHBIX
cpemax COeAMHEHHWs. B CBA3M C O3TUM L[EJbI0 JaHHOH paOOThl SBISCTCS H3YYCHUE CICKTPAITBHO-
JIFOMUHECIICHTHBIX CBOWCTB U CTAOWJIBHOCTH AunuppoMeTeHaToB IuHKa (1) B MpOTOHOMOHOPHBIX Cpeaax, KakK B
OCHOBHOM, TaK U B BO30Y/ICHHBIX JICKTPOHHBIX COCTOSTHUSX.

O0BbeKTHI M MeToABI HccenoBanuA. OObEKTaMHU JaHHOTO MCCIEAOBAHUS SBILUINCH KOOPIMHAIMOHHBIC
coequuenus 1muHKa (II) ¢ AUMUPPOMETEHOBBIMU JIMTaHIAMU PA3JIMIHOTO cTpoeHus (puc. 1). CuHTE3 JaHHBIX
KOMIUIEKCOB TpoBeeH B MHcTHTyTe XMMuM pacTBopoB PAH ¢ cobmomeHneM KOHTPOIS YUCTOTH COeINHCHUN

METO/IaMH TOHKOCTIOWHOM xpomarorpadun, MK ciektpockonmm [3].

Ph Ph H,C CH,

Br \ N

o =
\/N\ \ N N, N
e oy \ / Ph H,C \ / CH,

n n
H,C /\ CH; /n\ - H,C /\ CH,
w /N N// v /N /N/ m
il bn H,¢ CH,

[Zn((CHz)4-dpm),] [Zn((Ph),-dpm),] [Zn(Br(CHz)4-dpm),]

Puc. 1. Cmpykmypusie gpopmynsl u 0603HaueHUs U3YUEHHBIX COeOUHEHUL

CrnexTpalbHO-TIOMUHECLICHTHBIE XapaKTepUCTUKU H3MepeHbl Ha cnektpomerpe CM2203 (SOLAR,
Benapycs). [lnsa oneHKH cTaOMIBPHOCTH IMHKOBBIX KOMIUIEKCOB B IPOTOHOAOHOPHBIX PACTBOPUTEISAX H3YJaJIHCh
BOJHO-TAHOJIFHBIE PACTBOPHI KOMIUICKCOB C Ppa3IMYHBIM COJACp)KAaHHEM COJTHOM KHCIOTHI METOJOM
CHEKTPOPOTOMETPHUIECKOTO TUTpoBaHMA. [10 Touke mepernda KpUBBIX TUTPOBAHMS OBUIH OTIPEICICHBI 3HAYCHUS
—lg[HCl]s0, mpu KOTOPBIX KOHIEHTpanus KoMIuiekcoB [Zn(dpm),] yMmeHbImaeTcs 3a cueT ux pacmaga Ha 50% c
00pa3oBaHUEM MTPOTOHUPOBAHHOTO JIMTAH/IA M BEIXOIOM KOMILICKCOO0Pa30BaTells U3 KOMIUICKCA.

PesynbTarnl. l3ydyeHue CHEKTPAIbHO-TIOMHHECIICHTHBIC CBOWCTB COCIAMHCHHI IOKA3bIBAET, YTO
CIICKTPHI TOTJIONICHHsT KOMIUIEKCOB Jiexat B o0nactu 485-570 uM. BBeneHue TsSXKEIBIX aTOMOB OpOMa B alTKHJI-
CTPYKTYpPY KOMIUIEKCA MPHUBOJAUT K HE3HAYUTCIBHOMY CIBUTY MAKCUMYMOB TIOTJIONICHHS KOMIUICKCA
OTHOCHTEJIbHO HeOpOMHpOBaHHOTO aHaiora (tabnmuma 1). 3aMeHa B JIMTaH/E AJKWIBHBIX 3aMECTHTEICH Ha
(eHMITbHBIE CYIIECTBEHHO YBEIMYWBACT IMHHOBOIHOBBIM CABHT CIEKTpOB. Clemyer OTMETHTh, YTO IS
KOMITIEKCOB ¢ (DeHWIBbHBIMU IKiIamMu B juraHgax [Zn((Ph);-dpm),] B oTimuue OT alKWI-TIPOM3BOIHBIX U
TaJIOTeHUPOBAHHBIX dpm-JTUTraHIOB B BHIUMON OOJACTH HAOMIOIAETCS IIHUPOKAs TOJIOCA TOTJIOMIECHUS C IBYyMS
MakCUMyMaMmu: OoJiece WHTCHCHUBHBIM KOPOTKOBOJIHOBEIM M MCHEE HHTCHCHUBHBIM JUIMHHOBOJHOBBIM. JTa
O0COOCHHOCTh CBsI3aHA, IO-BHIMMOMY, C BBIXOJOM U3 IUIOCKOCTH dpm JMalbHUX APYT OT Apyra («BHELIHHX))
(EHIWITBHBIX IUKIOB (KOPOTKOBOJIHOBOW MAaKCHMYM) U B3aUMOJCHCTBYIOIIUX APYT C JPYroM IO T-CUCTEMaM
(«T-CTIKHMHTY) ONIKHUX APYT K OpYTY («BHYTPEHHHUX») (PEHUIIOB, PACIIUPSIONINX M-CUCTEMY (ITMHHOBOIHOBBIN

MaKCHUMyM).
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Tabnuya 1
CnekxmpanbHO-IHOMUHECYEHMHble CGOUCMEA U XAPAKMePUCIMUKY CIMAOUIbHOCU KOMAIIeKcos [Zn(dpm),]

8 npomonoéonopnbzx cpe()ax 6 OCHOBHOM U 3]l€Kmp0HHO-6036ychaeHHblx COCMOAHUAX

CoeMHeHNe Ao Ao —1g[HCI](Sy) | —Ig[HCII(S)®™ | —1g[HCI](S))™
(meiTp.)s HM (mpoT.)s HM
[Zn((CH;)4-dpm),] 485 465 5.0 4.7 7.0
575 2.8 ((Ph)s)
[Zn((Ph),-dpm).] 570 338 225 Nu) 0.97 5
[Zn(Bry(CHs)-dpm)s] 504 489 4.4 3.1 4.4

Jnst OUeHKHM CTaOMIBHOCTH KOMIUICKCOB B IIPOTOHOJOHOPHBIX PAacTBOPUTENSX OBLUIM OIpeJesICHbI
snadyenus —Ig[HC1], mpu KoTOpoM KOMIUICKCHI pacmanarorcs Ha 50% ¢ BBIXOJOM KOMIUIEKCOOOpa3oBaTels U
00pa30oBaHUEM IPOTOHHPOBAHHOTO JHraHnaa, Kak mokazano B [4] mis BODIPY-npousBoanbix. MccnenoBanus
MOKa3aly, YTO YCTOHYMBOCTH KOMILIEKCOB [Zn(dpm),] ¢ pa3HOH CTpPYKTypOH JHMIraHaa B IPOTOHOJOHOPHBIX
pacTBOPUTENSAX B IIEJIOM, HIKE, 4eM YcToHYnBOCTh BODIPY-KOMIIIEKCOB C aHAJIOTWYHBIMH JIMTaHIAMH.
Kommnekcsl 1HMHKAa C  aNKWiI-TIPOW3BOAHBIMH  JIMTAaHAAMHA HMEIOT HAaWMEHBIIYI0 yCTOWYHMBOCTH B
MIPOTOHOJOHOPHBIX Cpeiax 10 CPaBHEHHIO C IPYTHMH 3aMEIIeHHBIMHU: 3aMeHa BOAOPOAa B -monoxeHnu dpm u
CH;-rpym Ha 6oJtee 3JIeKTpOOTpUIIATEIbHBIC AaTOMBI TAJIOTEHOB YBEJIMYUBACT CTAOMILHOCTh TAKUX KOMIUIEKCOB
B IPOTOHOJJOHOPHBIX PACTBOPUTEIISX.

3amena MeTHIbHBIX 3amecturenedl (enunbHbiMH B [Zn((Ph)s-dpm),] BbI3BIBaeT IpeaBapHUTesbHOE
IIPOTOHUPOBAHHUE TAKOTO JIMTAHJA 110 T-CUCTEME B3aUMOJACHCTBYIOLIMX IPYT C APYroM (EHWIBHBIX ILUKJIOB, U
TOJIBKO TPH YBEJIMUYECHUN KOHIEHTPALUK IPOTOHOB B COJBBATHOI 000/10uKe 00pa3yeTcst MPOTOHUPOBAHHBIH 110
MTUPPOIBHOMY a30Ty JHTaHII C BEIXOIOM M3 KOMIUIEKca WHKA (Tabmuma 1).

3akiaoyenue. TakuM o0pa3oM, Ha OCHOBE NOJYYEHHBIX pE3YJIbTAaTOB YCTAHOBJICHBI OCOOEHHOCTH
MIPOTOHUPOBAHKS MPEACTABICHHBIX KOMIUIEKCOoB. Hambomee yCTOWYMBBIM W3 W3YYEHHBIX IUIHPPOMETEHATOB
LIMHKA B IIPOTOHOTOHOPHOH cpene B So i S,* X cocrosumsix sisiercst [Zn((Ph),-dpm),]-komrmiexc. [omyueHnsie
JIaHHBIE TO3BOJIIIOT BHIOpaTh HanOoyiee yCTOWYMBBIE CTPYKTYPHl M NPOTHO3UPOBATH CO3JIaHUE ONTHYECKHX
YCTPOMCTB Ha X OCHOBE B CPE/laxX C MOBBIIIECHHOI KUCIOTHOCTBIO.

Pabota Obuta BeInosHeHa npyu ¢puHaHCOBOH noanepxke PODU (rpant Ne 18-33-00284-mo:1_a), a Taxke

B paMKax BBITIOJIHEHUS TOCYIapCTBEHHOTO 3a1aHus MuHoOpHayku Poccnn, mpoekt Ne 4.6027.2017/8.9.
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