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BUC(AUTIMPPOMETEHATBI) HINHKA(IT) KAK HOBBIE ®JIYOPECIIEHTHBIE
XEMOCEHCOPBI N- 1 O-COJAEPKALIMX AHAJIUTOB

Ilpeocmaenensvt pezyromamupl CHEKMPATbHBIX UCCTE006AHUI (hyopecyenyuu ousdep-
HbIX 0gyxcnupanvhuix zeauxamos yunka(ll) ¢ 2,2'-, 2,3"- u 3,3"-o6uc(ounuppomemenamu) (H,L)
cocmasa [Zn;l ;] 6 6unapnvix cmecax yuknozekcana ¢ N- u O-codepocawyumu pacmeopumenamu
(auemon, JIM®@A, IMCO, T3A). Obnapysiceno, umo Haudojiee 8blCOKYI0 UyBCHGUMETbHOCHLb
dayopecuenyuu k npucymcmeuro amunoe oemoncmpupyem 3,3'-ouc(ounuppomemenam) yuH-
ka(Il) no cpasnenuio ¢ 2,3'- u 2,2'-ananozamu. Bovicokasa unoueudyaibHocmoy uzmeHeHus cnek-
MPpanbHO-TIOMUHECYEHMHBIX XAPDAKMEPUCIMUK 6 npucymcmeuu Koukpemnwvix N- u O-
cooepicamux aHaiumos obecneuusaem 603IMONCHOCMb NPpUMeHeHus zeaukamos [Zn,l ;] ¢ ka-
uecmee HOGBIX (PIYOpecUeHMHBIX XemoceHcopos cnedosvix Konuuwecme (107-10° monv/n) Inex-
MPOHO-OOHOPHBIX MOTIEKYTT 8 HCUOKUX CPeOax.

Kirouesble ciioBa: ouc(aunuppomerenarsl) nunka(ll), cencop, diyopecuenuus, Tymenue, npeaein
oOHapyKeHHS
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ZINC(I1) BIS(DIPYRROMETENATES) AS NEW FLUORESCENT CHEMOSENSORS

OF N- AND O-CONTAINING ANALYTES

The results of spectral studies of the fluorescence of binuclear zinc(l1) bis(dipyrrinate)s
with 3,3'-, 2,3"- and 2,2'-bis(dipyrrine)s of the composition [Zn,L,] in binary mixtures of cyclo-
hexane and N- and O -containing solvent X (acetone, DMF, DMSO, TEA) are presented. Spec-
trophotometric studies have shown that additive in cyclohexane of analyte upto yx<0.2 leads to
red shift (to ~10 nm) of emission band maximum and to a sharp decrease in fluorescence guan-
tum yield (@) of [Zn,L,] luminophores. The observed effect is due to the additional coordination
processes of the electron-donor molecules X, leading to the formation of solvates [Zn,L,X,]. The
efficiency of fluorescence quenching of [Zn,L,/, formed by 3,3', 2,3'- or 2,2'-bis(dipyrrine)s, is
different. Zinc(Il) 3,3'-bis(dipyrrometenat) demonstrates the highest sensitivity to fluorescence at
the presence of X, as compared with the 2,3'- and 2,2'-analogues. The interpretation of found ex-
perimentally linear correlations of ¢ and calculated on the Stern-Volmer model of the apparent
guenching fluorescence constants of helicates from the electron-donating ability of the analytes
was given. Indicators of intensity relative change at different wavelengths of the [Zn,L,] fluores-
cence spectrum were suggested as analytical criterion of the analyte identification. The detection
limits of toxicants X by means of [Zn,L,] amounted upto ~ 10~— 10 mol/l in organic media.
High specificity of spectral-luminescence characteristics changing in the presence of particular
N- and O-containing analytes provides the possibility of using [Zn,L,] helicates as new fluores-

cent selective chemosensors of the electron-donor molecules in liquid media.

Key words: zinc(l1) bis(dipyrrometenate)s, sensor, fluorescence quenching detection limit

BEJAEHUE

YcnemHoe pelieHne COBPEMEHHBIX —3aad
AHAJIUTUKO-PKOJIOIMYECKOT0 MOHHUTOPUHIA TpeOyeT
CO3/IaHUSI HOBBIX BBICOKOUYBCTBUTEIBHBIX W HAJICK-
HBIX 3KCIIPECC-METOJI0B JETCKTUPOBAHHUS in Vitro u in
vivo ciiefoBbiXx KonndecTB N- wmiu O-comepixariux
aHanMTOB. B HacTosmee Bpems Bce OoJblliee BHUMA-
HUE ynensercs pa3paboTke u ampobaruu (iayopec-
LIEHTHBIX CEHCOPOB U TMOPHUIHBIX MAaTePHAJIOB Ha UX
OCHOBE, HauOoJIee MOAXOMSAIINX JJIsl PEIICHUS aKTy-
AITBHBIX HAYYHO-TEXHUYECKHUX, MEIUIIMHCKUX U 3KO-
norudeckux 3anad. OnHo# U3 Hanbomnee MepCreKTHB-
HBIX IJIATPOPM UIsS CO3AaHUs (IIyOPECIICHTHBIX CEH-
copoB cramu OwusinepHele renmkarel 1uHKA(Il) ©
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ouc(nunuppomereHamu) [Zn,L,]. B cBsizu ¢ aTuM 1ist
CO3/IaHUsI HOBBIX ()IYOPECIICHTHBIX CEHCOPOB OBLIH
BbIOpaHbl OWSJCPHBIC JBYXCIHPAIbHBIC T'CIUKATHI
nuuka(ll) ¢ 2,2'-, 2,3'- u 3,3"-6uc(qunuppoMeTeHaMu)
(H,L) cocrasa [Zn,L,]:

3,3'-ouc(aumuppomerenat) ruaka(Il)

[Zny(1)2]
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2,3"-6ouc(munuppomerenar) muaka(ll)
[Zn2(11).]

2,2'-6uc(munmuppomerenar) nuaka(ll)
[Zny(111),]
METOIUKA SKCIIEPUMEHTA

CHHTe3, METOIMKH OYMCTKH, pe3ybTaThl ‘H
SIMP, anementroro, UK, PCA u cnektpodoromeT-
PHUYECKOTO aHan3a IUTHIPOOPOMHUIOB AEeKaMETHII-
3aMenieHHbIx 2,2'-, 2,3'-, 3,3'-0uc(aunuppoMeTeHoB)
(I, I u 1) u ux xommiekcos muHKa(Il) [Zny(1),]
[Zn,(11);] 1 [Zny(111),] onybnukoBanb! patee B pabo-
tax [1-5].

B pabote ucnonp3oBans! aretoH, N,N-mumerwn-
dopmamug (IAMDPA), numeruncynbdoxcun (IMCO),
tpuaTIiamuH (TDA), DS-ACS-ISO xommnanun Panreac,
Barcelona ¢ conepskanuem Bosl Menee 0,005%.

CrexTphbl MOTrIoIeHus ¥ (IyopecueHn pe-
THCTPUPOBAIMCH B BUIUMOH 00JAacTH CIIEKTpa C HC-
MoJib30BaHueM crekrpodayopumerpa CM 2203,
To4yHOCTH M3MEpEHUil B 3apErUCTPUPOBAHHOM HMHTEP-
Bajie IMH BOJH (500-700 HM, Ay, = 495 HM) co-
crapmsuia 0,02 aM. {7151 ompeneneHust CeKTpaabHO-
JFOMUHECIICHTHBIX XapaKTePUCTHK OBbLIA WCIIONH30Ba-
HBI PAaCTBOPHI C KOHIEHTpamueil Meree 1 107 momb/m.
B kauectBe cTaHmapTa Juisi OnpeJielieHUsT KBAHTOBBIX
BbIX0/I0B (uyopecueHiuu [Zn,L,] wucmonb3oBacs
pactBop pogamuHa 6G B 3TaHOJE C KBAaHTOBBIM BbI-
xoz0M ¢uryopecuenuun ¢ = 0,94 [6].

PE3VJIbTATBI 1 NX OBCYXJIEHUNE

[IpoBeneHHbIE paHee CHEKTPOQPIyOPHUMETPH-
YeCKHE HCCIeAOBaHUs MoKa3anu [7], 4To B HEMOJIAP-
HBIX MPEAENbHBIX U apOMATHUYECKUX YTIEBOAOPOJAX
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(uMKIOreKcaH, rekcaH, OEH30J U Ap.) KBAaHTOBBII BBI-
xo7 ¢uyopecueHunu (@) remukaTtoB [Zn,L,] noctura-
et 60-100%. B pacTBOpax 371€KTPOHO-IOHOPHBIX pac-
tBOopuTener (MDA, Py) dmyopecuenius xomrmiek-
COB TYHIMTCSl TIOYTH A0 HyJs. B OWHapHBIX cMecsx
WHEPTHBIX HEMOJSPHBIX PacCTBOPHUTENEH (IIMKIOTEK-
caH, OEH30J1) C pasIUIHBIMH HOO0ABKaMH ITOJISAPHBIX
ANIEKTPOHO-IOHOPHBIX  pacTBopuTeield X (aueToH,
IM®A, IMCO u TDA) ¢ yBenmnueHHEM MOJBHOU
monu () moNsipHOTO KoMmoHeHTa (puc. 1) Habmroma-
eTcs KpacHbId nin cuHuil caBur (1o ~10 HM) MakcH-
MyMa TIOJIOCHI M3ITYYEeHHUS! U Pe3KOe YMEHBIICHUE WH-
TEHCUBHOCTH ()IIyOPECIICHIINH.

I ac.
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Puc. 1. Vi3MeHeHHe crieKTpoB (QIyopeceHIn KOMITIIeKca
[Zn,(111),] (c ~1,0-107 momB/T) B pacTBOpAX MEKIOrEKCAHA C
pasubiMu g06aBkamu TpEATIIAMHHA (Y134 = 0; 0,025; 0,1 1 0,2)
Fig. 1. The change in fluorescence spectra of [Zn,L,] helicates
(c = 1.0-107" mol/1) in solutions of cyclohexane with different
additions of triethylamine (yga = 0, 0.025, 0.1 and 0.2)

wn
w4
(=]

CornacHo JUTepaTypHbIM JaHHBIM [8-9], Hab-
monaeMblil 3QdexT 00yCIIOBICH MpoleccaMy JIOTIOJ-
HUTEIBHON KOOPJIUHAIIMH 3IIEKTPOHO-TOHOPHBIX MO-
nekyn X, IpUBOJSIINME K 00pa30BaHUIO COJBBATOB
[Zn,L,X.]. DdbdextuBHOCTh TymieHus (ayopecueH-
MU TenukaTtoB [Zn,L,]|, oOpa3oBannbix 3,3'-, 2,3'-
i 2,2'-u3oMepHbIMH  (OpMaMy JIMTaHAOB, CyIIe-
CTBEHHO Pa3JINYaeTcs.

Kowmruteke [Zny(1),] meMoHCTpHpyeT HanOOIb-
LIYI0 YyBCTBUTENBHOCTHh (DIyOpECLEHIHH K MPHUCYT-
CTBUIO MOJISIPHBIX coeauHenuil. Hanpumep, B cMecsax
Ha OCHOBE IMKJION€KCaHa C MOJIBHOM J1oJiei yrsa = 0,1
KBAaHTOBBIM BBIX0J (ayopecueHimu 3,3'-renukara
[Zny(1);] TymmTCs IpaKTHYECKH MOTHOCTBIO (pHC. 2 a),
B TO Bpems Kak duyopecueHuus 2,3'-mumuppome-
teHata [Zny(11);] u 2,2"-ananora [Zny(111);] nonmxa-
eTcs B 2 1 3 pasza cooTBeTcTBEeHHO (puc. 2 0, B).
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Puc. 2. 3aBUCHMOCTH KBAHTOBOT'O BbIX0a (uryopeceHInH (¢)
renukaros: (a) — [Zn,y(1)2], (6) — [Zna(11)2], (B) — [Zn,(111),] o
MOJIBHOM J0JTH MOJIIPHOTO KoMITOHeHTa (X) B OWHAPHOM pacTBO-
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purene X — nukiorekcat, rae X — aneroH (1), AM®DA (2),

Fig. 2. The dependence of fluorescence quantum yield (¢) of heli-

cates: (a) — [Zny(1)2], (6) — [Zn,(11),], (B) — [Zn,(111),] on the mole

fraction of the electron-donor component (X) in binary solvent X
— cyclohexane, X — acetone (1), DMF (2), DMSO (3), TEA (4)
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JIMCO (3), TDA (4)
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Puc. 3. 3aBHCHMOCTh KBAHTOBOTO BBIX0/1a (() pacTBopoB [Zn,L,]
B cMecax X — IUKIOTEKCaH € Yy = 0,1 oT 1oHOpHOrO 4HKCHa CO-
pactBoputens o I'yrmany [10]: [Zny(1)7] (a), [Zny(11)2] (6),
[Zn,(111);] (B)

Fig. 3. The dependence of fluorescence quantum yield (¢) of solu-
tions [Zn,L,] in mixtures of X — cyclohexane with .,y =0.1ona
donor number of the solvent by Gutman [10]: [Zn,(1),] (a),

[Zn,(11)7] (6); [Zny(111),] (B)

Kak BusHO 13 puc. 3, B OMHApHBIX CMeCsX Ha
OCHOBE LIMKJIOTEKCaHa ¢ OJIMHAKOBOW MOJIBHOM JoJei
MOJISIPHOTO KOMITOHEHTa HAOII0aeTCsl JINHEeHas 3a-
BHCHMOCTh KBAaHTOBOTO BBIXO/a (IyOpECIEHIINU
KOMIUTEKCOB [ZN,L ;] OT JOHOPHOTO YMcia MoJspPHOTO
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copactBoputenst (nmo I'yrmany). HckmoueHue co-
craBiseT TOA, BBITAJAIOMMI U3 3aBUCHUMOCTEH, I10-
JMy4eHHBIX uig 2,3'- u 2,2'-rennKaTos.
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¢ K,,,=1.64 a/monn
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Puc. 4. 3aBucuMocTh OTHOCUTENBHOM HHTEHCHBHOCTH lo/] pac-
TBOPOB [Zn,L,] (1,0-10'7 MOJIBb/JT) 0T KoHIeHTpaiu JIMDA B
ukiorekcane, 1—[Zny(1),], 2 — [Zny(11),], 3 — [Zn,(111),]; BCTas-
ka: 3aBucumocta Ltepra-donemepa, momydeHHbIe 00pabOTKOM
JMAHHBIX U1 cMecel ¢ nodaBkamu [IM®A ot 0 1o 2,6 Mosb/n
Fig. 4. The dependence of the relative intensity 1o/l of the solu-
tions [Zn,L,] (1.0-107 mol/l) on the concentration of DMF in
cyclohexane, 1—[Zn,(1)2], 2 — [Zny(11)2], 3 — [Zn,(111),]; insert:
Stern-Folmer's dependences, received by data processing for mix-
tures with additives of DMF upto 2.6 mol/I

Ha puc. 4 T1I0Ka3aHBl 3aBUCHMOCTH OTHOCH-

TEIHHONW HMHTEHCHUBHOCTH (DIIyOpeCHEHITHH (Iol I) re-
TUKaToB [Zn;L;] OT KOHIIEHTpAIUU MOJSPHOTO KOM-
noHeHTa (X), MOJy4YeHHbIE B PaMKaxX MOJETH TyIle-
HUs Quyopecuenuun lllrepra-Poabmepa ¢ HCHONb-
30BaHMEM YPaBHEHHUS:
lo/l =1+ Ksy[X], 1)
rae lo u | — uHTeHCHBHOCTH (DIIyOpEeCIIEHIINN B OTCYT-
CTBHH TYILLUTENISI U B IPUCYTCTBUU TEKYILLIEH KOHLIEH-
TpalMy TYHIATENsT COOTBETCTBEHHO, Ksy — KOHCTaHTa
tymenus tepra-Ponbmepa [11]. OTkiioneHne BBepx
Y BOTHYTOCTH 110 OTHOILIEHHUIO K OCH OPAMHAT 3aBUCH-
Moctu llltepHa-Donmpmepa (puc. 4) CBUACTEIHCTBYET
[11], uro Tymenue ¢ayopodopa 0OYCIOBICHO HE
TOJBKO AU(PPY3MOHHBIMU CTOJIKHOBEHHUSMH C TYLINTE-
JeM (AMHAMHYECKOE TYIIEHHE), HO M 00pa3oBaHUEM
MEXIy HHUMH He (DIyopeciHpyrolero cojlbBaTOKOM-
mwiekca (cratmyeckoe TtymieHue). s rpaduyueckoro
orpezeieHnss KOHCTaHT auHamudeckoro (Kmue) wu
cratnaeckoro (Kcrt) TymieHns: ucnosip30BaHO ypaBHeE-
aue (2) [11]:
lo/l = (1 + Ky [X]) (1+ Ko [X]) = 1 + K [X], (2)
rl];e KK&X = (KZlI/IH + KCT) + KHI/IH KCT [X] = % — Ka-
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JKyIIascsl KOHCTaHTa CKOPOCTU TYIICHHUS, yYUTHIBa-
OIIasi Kak JUHAMHYECKYI0, TaK U CTaTUYECKYIO CO-
CTaBISIIOILIHE.
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Puc. 5. 3aBuCHMOCTD Ka)XyIMUXCSl KOHCTAHT TYIICHUS uryopec-
teHIH (K., 7/MOJTB) B cMecsiX X — UKIOTEKCaH OT JOHOPHOTO
uriciia copacteopuredts o ['yrmany [10]: [Zny(1),] (a), [Zny(11)] (6),
[Zny(111),] (8)

Fig. 5. The dependence of values of apparent constants of quench-
ing (Kapp, I/mol) in mixtures of X — cyclohexane on a donor
number of the solvent by Gutman [10]: [Zn,(1),] (a), [Zny(11)] (6);

[Zny(111)7] (B)
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Ananu3 3HaueHUH K, MOTyYEHHBIX 00Opa-
0OTKO#l JHMHEHHBIX y4acTKoB 3aBucumocteil lo/l ot
[X] mns nuanazoHa 100aBOK MOJIIPHBIX KOMITOHEHTOB
ot 0 mo 2,6 Mois/1 (puc. 4) oKa3aj, 9To IJI TeIrKa-
Ta [Zny(l);] xaxymmecs KOHCTaHTBI TylieHHs (iryo-
pecrueHnuu (puc. 5) IMHEHHO YBEIMYUBAIOTCSA C PO-
CTOM 3JICKTPOHOJOHOPHOHW CIIOCOOHOCTH MOJISIPHOTO
COpacTBOPUTEISI B IOCIEAOBATEILHOCTH:

areToH — JIM®A — JIMCO — TOA.

I remukatoB [Zny(11),] u [Zny(111),] u3
AQHaJIOTHYHON 3aKOHOMEPHOCTH TaKXe, KaKk ¥ B COOT-
BETCTBYIOIIUX 3aBUCHUMOCTSX @ OT DN, «Bpimamaet»
TPUSTHIIAMUH, JUI KOTOPOTO K,y 3HAUUTETHHO HUXKE,
geM I 0oJree cIadBIX AJIeKTPOHOAOHOPOB JIM®DA u
AIMCO. Hab6mogaembie 0COOEHHOCTH OOYCIOBJICHBI
pa3IMYUAMU B COCTaBE U CTPOCHHH OOPa3yIOIIUXCS
CYIPaMOJICKYJISIPHBIX CTPYKTYp [ZnoLy(TDA)] [8],
KOTOpbIE HEOOXOJJMMO YYUTHIBATH IIPU COMOCTABICHUN
3¢ PEKTUBHOCTH TYLICHUS (QIYOPECUCHIIMN CTPYKTYP-

HO POJICTBEHHBIX JTIOMUHO(POPOB.
BaxkHelias KOJIMYECTBEHHASI XapaKTEPUCTUKA
CeHcopa — TpezieT OOHApYKEHHsI aHATUTa — OBLIT OIle-
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HEH U3 KaJHOPOBOYHBIX 3aBHCHUMOCTEH HOPMHUPOBAH-
Hoit wmHTeHcuBHOCTH (iryopecueHIMH  (|max—1)/ (1 max—
-Imin) OT xoumeHtpaiuu anamuta (log[X]). Ipemenst
OOHApyXEHUsT UCCIECIOBAHHBIX MOISPHBIX COCIUHE-
Huii (aueron, IM®DA, IMCO, TOA) ¢ ucnonb3oBa-
uueM remukatoB [Zny(1),], [Zny(11),] u [Zny(111),] B
LHMKJIOreKcane cocTaBuan ot 107> 10 107 Moms/m.

BBIBO/IbI

[pennoxeHsl HOBBIE (ITyOpECLIEHTHBIE CEHCO-
PBI Ha OCHOBE Ouc(IUITHPPOMETEHATOB) IIMHKA [Zn,L ;]
C BBICOKUMH TIOKA3aTEeNSIMH YyBCTBUTEIHBHOCTH, CEJICK-
THUBHOCTH U Tipesenamu oOHapyxeHHs N- u O-35ekT-
POHO-IOHOPHBIX COCTUHEHHN /10 10°-107 momns/m.
QIryopeclieHTHBIE CEHCOpPHI Ha OCHOBE Ouc(IUmup-
POMETEHATOB) IIMHKA MPEACTABISIOT 3HAYUTEIHHBIN
UHTEpec Il pa3paboTKH HOBBIX METOAMK (iyopec-
LIEHTHOTO JETEKTUPOBAaHMS TOKCHYHBIX N- u O-co-
JepXKaNIMX COCTUHEHUN B OPraHUYECKUX Cpelax
JIMIMUAHBIX CTPYKTYPax KIETOK )KUBBIX OPTaHU3MOB.

Paboma evinonnena npu ¢unancosou noo-
odepocke PODU epanm Ne 15-43-03081-p yenmpa_a.
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