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1. L. Antonov, G. Gergovy. Petrov, M. Kubista and J. NygrenJV-Vis spectroscopic and
chemometric*study on the aggregation of ionic dyesvater. Talanta,1999 49(1): 99-106.
Lutatn: 169" IF=4.16"

Abstract: The monomer-dimer equilibrium in seve@alic dyes (Methylene Blue, Acridine Orange, Nilu® A,

Neutral Red, Rhodamine 6G and Safranine O) has imeestigated by means of UV-Vis spectroscopy. Gh&a
have been processed by a recently developed médtnoguantitative analysis of undefined mixturessdsh on
simultaneous resolution of the overlapping bandshe whole set of absorption spectra. In the ca$escridine

Orange a second chemometric approach has beerasiseteference. It is based on a decompositioneofdcorded
spectra into a product of target and projectionricesg using non iterative partial least squaresP@US). The
matrices are then rotated to give the correct aunagons, spectral profiles of the components @wedequilibrium
constant. The dimeric constants determined bywlemethods were in excellent agreement, evidentia@ccuracy
of the analysis. From the calculated dimeric camtstead monomer and dimer spectra, the structuréseotlimeric
forms of the studied dyes are estimated.

2. V. Petrov, L. Antonov, H. Ehara and N. Harad8&tep by step filter based program for
calculations of highly informative derivative cusv€omputers and Chemistrg00Q 24(5): 561-
569.Uuntatn:15; IF=1.92

Abstract: We have developed a microcomputer progtased on a recently described approach callpdbststep
filter (SBSF), for calculation of derivative curvdfrectly from spectra recorded as a function ofelength. This
program avoids the long wavelength attenuationufeat at conventional method for derivative curvakdation,
and in this extent could be very helpful for dajyectroscopy practice. The features of the SBSgrano include:
easy treatment of data through a windowed environyrealculating of both conventional and step Bpstilter
derivatives, possibilities for selection of the heanhatical conditions for smoothing and differemiatsimultaneous
plotting of the original curve and its derivativedaa mouse pointer. Several examples from diffebestiches of the
molecular spectroscopy (absorption UV-VIS, CD ahdrescence) are provided and discussed in thestedm
advantages of SBSF.

3. L. Antonov and/. Petrov, Quantitative analysis of undefined mixtures - "ighnet" algorithm.
Analytical and Bioanalytical Chemistr2002 374(7-8): 1312-131lutatn: 23; IF=3.43

Abstract: An approach for quantitative analysignixtures with unknown individual responses of tlenponents is
discussed. although it is based on a resolutianveflapping bands technique, the main emphasistigisen to the
computational facets of curve fitting. A logical opedure is described, allowing estimation of theénamvn

concentrations in the mixture, and both the nundbewverlapping bands and their assignment to tmepcments in
the solution to be determined automatically. A gaheonclusion about the precision of the methodnoh be
defined, because it depends on the extent of quarg of the individual spectra of the components geir

complexity. Using this procedure a complicated éhtemponent acid-base equilibrium of a halochrodye in

solution is studied.

4. D. Antonova, L. Antonovy. Petrov, V. Simeonov, S. Tsakovki, B. S. and W. Fluechiger
Environmetric Assessment Of Pollutant Concentratigffects On Forest Ecosyster@$EMIA |
Inzynierla Ekologlczna2004 11(6).UnTaTtn: 2, IF=0.72

Abstract: The present communication deals withatbigication of cluster and principal componentdysigto a data
set collected by monitoring wet precipitation ateth different sampling sites. The idea is to idgrttent factors
responsible for the data structure at each sitethnd, to get information on their effects on thieest ecosystems. It

* [
IMocouenusr Opoii muTaTUTE Cca camo 3a crrcaHus peepupanu B Oazara JaHHM SCOPUSHe ca BKITtoueHH 3a0ensI3anu
LUTATH B TIOCTEPH, JUIUIOMHH PaOOTH, TI1aBH OT KHUTH WIN HepedepupaHy CIMCaHusl. ABTOUUTATHTE €A H3KJIIOUYEHH.

T Wmmakr (baKTOp’I)T Ha CIIUCAHUCTO € 3a TCKYyIllaTa roinHa UJIn 3a Haﬁ-6J’IH3KaTa, 3a KOATO € HAMCPCHA I/IH(bOpMaHI/IH B
HUHTCPHET Oasure JaHHHU.



has been found that a significant separation betviee sites is achieved based on the analyticaltseand the
identified factors correspond to acidic, minerad anustal effects on the forest ecosystem.

5. F.S. Kamounah, L. Antono¥. Petrov and G. Van Der Zwarmn integrated approach to the
study of the tautomerism of 4-((phenylimino)methydphthalene-1-ol.Journal of Physical
Organic Chemistry2007. 20(5): 313-320UuTtaTu: 8; IF=1.34

Abstract: The aim of the current report is to shglit on the tautomerism of 4-((Phenylimino)methyjphthalene-I-
ol in solution, which was studied by UV-Vis spesttopy and quantum chemical calculations. It wasdothat this
compound does not have the typical tautomeric hehav its analog 4-Phenylazo-naphthalen-I-ol. Teenplicated
equilibrium between the enol- and keto-like fornmel awo kinds of dimers that can exist in soluties strongly
dependent on the proton acceptor/donor abilitiesthef solvent. Using advanced data treatment qatinét
information about the tautomeric and dimeric egpuilim constants was obtained. Copyright © 2007 Jfiey &
Sons, Ltd.

6. V. Petrov, R. Gomes, A.J. Parola, A. Jesus, C.AT. Laia EBndPina, 2-Hydroxyflavylium:
introducing flavanones into the flavylium network ahemical reactionsTetrahedron,2008
64(4): 714-720UmTtaTtk: 5; IF=2.66

Abstract: Chalcones possessing a hydroxyl grouposition 2 cyclize to form flavylium salts in aaidmedia, this
reaction being reversible under neutral-basic dardi. On the other hand, chalcones possessingrashy group in
position 2 cyclize to form flavanones in basic media. By bgsizing 2hydroxyflavylium tetrafluoroborate, it was
possible to obtain trans-2;@ihydroxychalcone that in solution can evolve tehydroxyflavanone or back to'-2
hydroxyflavylium depending on the pH. The severguilbria established in aqueous solution were yfull
characterized. The importance of including flavaesmto the flavylium network of chemical reactidesbriefly
exploited. © 2007 Elsevier Ltd. All rights reserved

7. V. Petrov, R. Gomes, A.J. Parola and F. PiRash photolysis and stopped flow studies of the 2
methoxyflavylium network in ag. acidic and alkals@ution. Dyes and Pigment2009 80(1):
149-155.Uuratu: 7; IF=3.47

Abstract: The rate and equilibrium constants of thetwork of chemical species involving the dy& 2
methoxyflavylium tetrafluoroborate were charactediaising stopped flow and flash photolysis in batidic and
alkaline aqueous solution. The trans-chalcone astiiermodynamic stable species in acidic solutbrspH < 7;
irradiation of trans-chalcone at low pH leads te tlorresponding coloured flavylium cation. The eysteverts to its
initial state in a few hours, in the dark. The kioe of the various steps in the system were détexain flash
photolysis revealed that the rate determining m®cef flavylium formation is the ring closure toveithe
corresponding hemiketal. In alkaline medium thezed trans-chalcone is the stable form and cle@eece for the
existence of a hemiketal species was obtained. ifewnead-erase cycle can be performed with thispmamd. ©
2008 Elsevier Ltd. All rights reserved.

8. V. Petrov, C.A.T. Laia and F. PinaPhotochromism of 7,4'-dihydroxyflavylium in an AOT
reversed micelle systeinangmuir,2009 25(1): 594-601UuTaTn: 7; IF=3.93

Abstract: The investigation of a flavylium compoundAQOT reverse micelles shows photochromic enhiarece in a
wide pH range, with features previously unobservied other colloidal systems. In equilibrium, 7,4'-
dihydroxyflavylium transforms into tra/w-chalconpegies at pH above 2, but ion-pair formation of tlagylium
species with the negatively charged AOT is obsemnwetl pH = 5. After irradiation, trans-chalconeesges are
transformed with high quantum yields into both jlivm and its quinoidal base (through cis-chalcand hemiketal
species) until pH equal to 9. While trans-chalcmnkecated at the hydrophobic side of the revergelie interface,
flavylium species tend to solubilize in the wateop Flash photolysis experiments probe essentihléy trans-
chalcone solubilization site, showing that photoahic conversion to flavylium species can be achdewvghout acid
catalysis with a unimolecular rate constant of &22while the slow recovery to equilibrium after wiation probes
essentially the water pool with a experimental mpehdent rate constant. The photochromic mecharmsm
discussed, promising new insights about the pdggibf changing the reversed micelle interfaciabgerties using
photoresponsive addictives like flavylium compour@®009 American Chemical Society.

’ Hy6J'II/IKaHI/IHTa € BKJIFOYCHA B CIIMCHKA 34 YH4aCTHC B KOHKYpPCaA.
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L. Giestasy. Petrov, P.V. Baptista and J.C. Lim&eneral FRET-based coding for application
in multiplexing methodsPhotochemical and Photobiological Scienc3)9 8(8): 1130-1138.
Uutatn: 4; IF=2.34

Abstract: FRET can be used as a strategy to asifignent simultaneous events in the same samplécboss-talk"

problems are a limitation. Here we present a coution for the better understanding of the "cras#k" in FRET

experiments that include several pairs in the ssameple. Using oligonucleotide probes labeled witbrescent dyes
which can be selectively excited at a specific wavgth, and using target oligonucleotides tagget wifluorescent
dye with specific characteristics that allow ortlya emit light upon selective excitation of a Sfieqrobe by energy
transfer (FRET), we aim to identify the exact protet hybridized pair. When using three donorgriabe the
presence of complementary targets, only 20% ofiplesdonor/acceptor combinations give straightfoxvaignals
readily identifiable with the sample compositiorhile in the remaining cases severe cross-excitgifenents the
direct identification of the sample composition. darectly resolve the samples identity, we devetop theoretical
model that enables the unequivocal attribution sample composition to a given set of fluorescesigeals, in the
presence of three donors. © 2009 The Royal SoofeBhemistry and Owner Societies.

V. Petrov and F. PinaAnalytical resolution of the reaction rates of fjdium network by Laplace
transform.Journal of Mathematical Chemist201Q 47(3): 1005-10284uTaTtn: 7; IF=1.31

Abstract: A complete resolution of time evoluti@r &ll species of flavylium chemical reactions natkvin acidic to
neutral media was obtained applying Laplace transfmethods, Vieta's formulae and the general pdraation

theorem. Analyses of particular systems under dpeékjump, reverse pH-jump, stopped flow and flgstotolysis
experiments have been performed. The deduced fasmudver all possibilities of flavylium and anthanjns
compounds-with or without quinoidal base and witlwihout cis-trans isomerization barrier. The egsions for the
observed rate constants in different type of expenits are quite similar. This allows creation afbgll procedure,
based on fitting of one single set of expressioitls data-set from different experiments. The mathtral approach
allows easy and versatile programming. © 2009 $prirscience+Business Media, LLC.

R. Gavaray. Petrov and F. PinaCharacterization of the “hydroxynaphthoflavylium network of
chemical reactionsPhotochemical and Photobiological Scien@x,Q 9(3): 298-303LUuTtaTu:
3; IF=2.34

Abstract: The rate and equilibrium constants ingdlin the network of reactions of thet/droxynaphthoflavylium
ion in moderately acidic and neutral media wererattarized by means flash photolysis, stopped-to UV-vis
absorption techniques. At the equilibrium, the rekwbehaves as a two components system involvireg th
naphthoflavylium ion and the trans-chalcone whiglhie thermodynamically stable species above pH9=All the
rate and thermodynamic constants are very simildhdse previously reported fof- Aiydroxyflavylium except the
rate constant of the cis-trans isomerization wigamuch higher for the naphthoflavylium derivatifée lack of cis-
trans isomerization barrier can be explained byhiigaer delocalization of the double bond betweé8) @nd C(4)
charge through the naphthalene ring. Continuoaslimtion experiments were carried out at the phbrethat gives
the higher photochromic efficiency. © 2010 The Rdyaciety of Chemistry and Owner Societies.

L. Cruz,V. Petrov, N. Teixeira, N. Mateus, F. Pina and V.D. FreitBstablishment of the
chemical equilibria of different types of pyrandamtyanins in aqueous solutions: Evidence for
the formation of aggregation in pyranomalvidin-3--G@umaroylglucoside-(+)-catechidournal

of Physical Chemistry B201Q 114(41): 13232-1324@uTaTtu: 18; IF=3.18

Abstract: The chemical equilibria of the pyranonmditv3-glucosides linked to (+)-catechin, (-)-epmzhin, and
catechol moieties (and the respective coumaroygide compounds) were established by means of WV-vi
spectroscopy. The conjugated double bonds amoramieyrings C and D provide a higher electronic daliaation
that prevents the nucleophilic attack of water @ifion 2. Consequently, besides flavylium catidii€), the bases
A, A-, and A2- have been identified by increasind, @nd the respective acidity constants were détemanby
spectrophotometry. The formation of dimers at higleencentration was observed for pyranomalvidin-3-O
coumaroylglucoside-(+)-catechin, and the respedfiz treated by the exciton model suggests theakion of a
dimer where the monomers form J-type aggregatds thé dipolar moments in opposite directions artdteal by
174° at a distance of 5.2 A (from the center). @®Bmerican Chemical Society.
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F. NaveV. Petrov, F. Pina, N. Teixeira, N. Mateus and V. De FreitAsermodynamic and
kinetic properties of a red wine pigment: CatecfdB)-malvidin-3-O-glucosideJournal of
Physical Chemistry B201Q 114(42): 13487-1349&luTaTtu: 15; IF=3.18

Abstract: Catechin-(4,8)-malvidin-3-glucoside, a rgigment adduct (at acid pH) found in red wine aesllting
from the reaction between malvidin-3-glucoside dialian-3-ols during wine aging, was synthesized.e Th
thermodynamic and kinetic constants of the netvadréhemical reactions were fully determined by peapflow: (i)
Direct pH jumps, from thermal equilibrated solusoat pH = 1.0 (flavylium cation, AH+), show thre@dtic
processes. The first one occurs within the mixingetof the stopped flow and leads to the formatémuinoidal
bases A and/or A- depending on the final pH; tteesd one takes place with a rate constant equaDib + 33[H+]
and was attributed to the hydration reaction tbant the pseudobases (hemiketals), B/B-. The findess is much
slower, 2 x 10-4 s-1, and is due to the cis-tranmerization giving rise to a small fraction ofrtsechalcones, Ct/Ct-.
(ii) Reverse pH jumps from the thermally equilile@isolution at moderate to neutral pH values baekdufficiently
acidic medium clearly distinguish three kinetic ggsses: the first one takes place within the deael&and is due to
the protonation of the bases; the second processrowith the same rate constant of the hydratemmction
monitored by direct pH jumps and is attributed e formation of flavylium cation from the B; thestaprocess
occurs with a rate constant of 1.8 s-1, and refudts the formation of AH+ from Ct through B, refteng the rate of
the ring closure (tautomerization). The separaticihe hydration from the tautomerization upon\gerse pH jump is
only possible because at pH &lt; 1 the former rieacis faster than the last. An identical situatieais observed for
malvidin-3-glucoside (oenin) for pH &lt; 2. © 20Bmerican Chemical Society.

J. OliveiraV. Petrov, A.J. Parola, F. Pina, J. Azevedo, N. Teixeird.Nras, P.A. Fernandes, N.
Mateus, M.J. Ramos, and V. De Freit&hemical behavior of methylpyranomalvidin-3-o-
glucoside in agueous solution studied by NMR andvigWle spectroscopylournal of Physical
Chemistry B2011 115(6): 1538-1549duTtaTtn: 15; IF=3.18

Abstract: In the present work, the proton-transéactions of the methylpyranomalvidin-3-O-glucospigment in
water with different pH values was studied by NMRdaUV-visible spectroscopies. The results showed fo
equilibrium forms: the methylpyranomalvidin-3-O-ghside cation, the neutral quinoidal base, thea®sge anionic
quinoidal base, and a dianionic base unprotondtdteamethyl group. According to the NMR data,gémss that for
methylpyranomalvidin-3-O-glucoside besides the 4@ide equilibrium between the pyranoflavylium catsmd the
neutral quinoidal base, a new species is formguDa4.88-6.10. This is corroborated by the appe@afa@ new set
of signals in the NMR spectrum that may be assigoettie formation of hemiketal/cis-chalcone spettes small
extent. The two ionization constants (pKal and pKeltained by both methods (NMR and UV-visible) for
methylpyranomalvidin-3-O-glucoside are in agreem{pital = 5.17 + 0.03; pKa2 = 8.85 £ 0.08; and pkad.57
0.07; pKa2 = 8.23 + 0.04 obtained by NMR and UMhlis spectroscopies, respectively). Moreover, thiy f
dianionic unprotonated form (at the methyl groupjh® methylpyranomalvidin-3-O-glucoside is coneerislowly
into a new structure that displays a yellow colobasic pH. On the basis of the results obtainsautyh LC-MS and
NMR, the proposed structure was found to corresponthe flavonol syringetin-3-glucoside. © 2011 Amen
Chemical Society.

R. Gavara). Petrov, V. Lopez and F. Pin&hotochromism of naphthoflavylium. on the role of
4-OH hemiketal in flavylium networBournal of Photochemistry and Photobiology A: Ciséry,
2011 220(1): 4-10UwuTaTn: 1; IF=2.63

Abstract: Flavylium compounds suffer in aqueousisoh the nucleophilic addition of water at modehagcidic pH
values (hydration reaction). The hydration is passin two positions, namely at position 2, formingmiketal B2,
and at position 4, forming hemiketal B4. B2 cansagfuently evolve to give the cis- and trans-chacgpecies. At
the present work the network of chemical reactionslving the naphthoflavylium compound in aquemadution
was studied by means pH jumps, stopped flow, cantis irradiation and flash photolysis. The equiilir and rate
constants of the system were calculated througlathematical model. The species B4 has a kinetecefiimilar to
the one observed for the quinoidal base (for flavgl dyes bearing acidic groups), i.e. B4 is a kin@roduct
retarding the rate of equilibration. Flash phot™ysxperiments in comparison with reverse pH jumgslts show
that the appearance of the flavylium ion is fastethe photochemical-induced process than in tleental one,
suggesting an additional photochemical pathwayidbssphotoisomerization) after the excitation oé ttrans-
chalcone. © 2011 Elsevier B.V. All rights reserved.
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A.M. Diniz, C. PinheiroV. Petrov, A.J. Parola and F. Pin&ynthesis and characterization of a
symmetric bis(7-hydroxyflavylium) containing a nyéthologen bridge Chemistry - A European
Journal 2011 17(23): 6359-636d4uTtaTu: 6; IF=5.32

Abstract: A symmetric bis(flavylium) constituted byo 7-hydroxyflavylium moieties linked by a metkiglogen
bridge was synthesized. The thermodynamic and ik;edf the network of chemical reactions involving
bis(flavylium) and the model compound 7-hydroxXyafethylflavylium was completely characterized byams of
direct and reverse pH jumps (stopped flow) andhflplsotolysis. Both compounds follow the usual plgetedent
network of chemical reactions of flavylium deriwegs. The equilibrium species of the model compoaral the
flavylium cation (acidic species) and the translobr@e (basic species) with an apparentagiR.85. In the case of the
bis(flavylium) it was possible to characterize b NMR spectroscopy three species with differentreeg of
isomerization: all flavylium, flavylium-trans-chaloe, and all trans-chalcone. Representation ofithe-dependent
mole fraction distribution of these three formseafa pH jump from equilibrated solutions of allvijium cation
(lower pH values) to higher pH values, shows tlamftion of trans-chalcone is not completely ststia(two
independent isomerizations), the isomerizationngf flavylium showing a small influence on the isoiration of the
other. The radical of the methyl viologen bridgdasemed upon reduction of the bis(trans-chalconi¢h dithionite.
The system is reversible after addition of an axida spite of the occurrence of some decomposit@wpyright ©
2011 WILEY-VCH Verlag GmbH &amp; Co. KGaA, Weinheim

S. Gago,V. Petrov, A.M. Diniz, A.J. Parola, L. Cunha-Silva and F.n&, Unidirectional
switching between two flavylium reaction networkste action of alternate stimuli of acid and
base.Journal of Physical Chemistry 2012 116(1): 372-380UuTtaTtu: 4; IF=2.85

Abstract: The introduction of an ester group in fla@ylium core allowed the reversible conversicetvieen two
different flavylium compounds each one exhibiting own reaction network. An unidirectional switahicycle
between 7-diethylamino-2-(4-(methoxycarbonyl)phgilybenzopyrylium and 2-(4-carboxyphenyl)-7-dietiino-
1-benzopyrylium was achieved by means of alteraaite and base stimuli. Addition of base to a medhiarsolution
of the ester derivative gives rise to the trandedree of the parent carboxylic acid, which uporddigation of the
solution forms the respective flavylium cation. Jtdpecies esterifies under very acidic conditiansestore the
original methyl ester derivative. The chemical tEscnetworks of both compounds were fully charazesl from
their thermodynamic and kinetic aspects, by a sesfepH jumps followed by UV-vis absorption and esion
spectroscopy, stopped flow and 1H NMR. The crystaicture of the trans-chalcone of the ester devivavas
unveiled showing a supramolecular structure invg\ydrogen bonding. © 2011 American Chemical Sgcie

F. Pina,V. Petrov and C.A.T. Laia,Photochromism of flavylium systems. An overvieva of
versatile multistate systeyes and Pigment2012 92(2): 877-889UuTtaTtu: 22; IF=3.47

Abstract: Flavylium is the basic structure of amyamins, an important family of natural dyes resole for the
color in many flowers and fruits. While anthocyasin vitro are involved in a pH dependent equilibmi between a
flavylium cation (acidic species) and a hemiketd (najor basic species), some synthetic flavyliammounds
present the trans-chalcone as the major basicespénithis case irradiation of the trans-chaldea€s to appearance
of colored products, either a flavylium cation awdd quinoidal base, via cis-chalcone and hemik&talking profit
from the complexity of the network it is possibtedesign photochromic systems, exhibiting a thetvaak reaction,
or models for optical memories, when the back rfeacts prevented. The flavylium photochromism wasoa
observed in ionic liquids, gels, micelles and reedr micelles opening up possible applications.hla work an
overview of the photochromism of synthetic flavgliucompounds is presented, from the first obsernatiaf the
light effect to recent developments. © 2011 Elseldd. All rights reserved.

V. Petrov and F. PinaComplete resolution of the reaction Rates of flavgINetworks. The role
played by 2-phenyl-2H-chromen-4-ol and the hydratyhck to the quinoidal Basdournal of
Mathematical Chemistryz012 50(4): 1003-1019uTaTtu: 1; IF=1.34

Abstract: Complete analytical resolution of thewmrk of chemical reactions involving the flavyliusompounds
was achieved by means of the Laplace transforngrgépartial fraction theorem and Vieta's formul@ke kinetic
model includes basic and acid catalysis of the dtyoln and tautomerization reactions. The formatibphenyl-2H-
chromen-4-ol (B 4) and the role it plays in thedtios in the case of compounds lacking of the hyglrsubstituents
was also accounted for. In all cases four kindeps could be individualized and the pH dependeuierfraction
distribution of the several species monitored &mation of time, the last one leading to the aquiim. It is worth



22.

of note the role of B 4 in the network, which littee quinoidal base is a kinetic product that retahe formation of
Ct. The evolution of B 4 is also dependent on thistence or not of the cis-trans isomerisationibarApplication of
the model to the data of flavylium networks presgigureported in literature, predicts with great @wecy the
respective behavior. © 2011 Springer Science+BussiMedia, LLC.

V. Petrov, A. Jorge Parola and F. Pinéomerization between 2-(2,4-dihydroxystyryl)-1-
benzopyrylium and 7-hydroxy-2-(4-hydroxystyryl)elrbopyrylium. Journal of Physical
Chemistry A,2012 116(31): 8107-811&8duTaTtn: 5; IF=2.85

Abstract: 2-Phenyl-1-benzopyrylium (flavylium) agestyryl-1-benzopyrylium (styrylflavylium) cationsstablish in
aqueous solution a series of equilibria definingroltal reaction networks responsive to severaluti(pH, light,
redox potential). Control over the mole fractiostdbution of species by applying the appropiaissli defines a
horizontal approach to supramolecular chemistryagneement with the customary bottom-up approaciari
complex systems. In this work, we designed an asgtmenstyrylchalcone able to cyclize in two diffateways,
producing two isomeric styrylflavylium cations wleoghemical reaction networks are thus intercondeci&e
chemical reaction networks of 2-(2,4-dihydroxystyad-benzopyrylium (AH+) and 7-hydroxy-2-(4-hydrcstyryl)-
1-benzopyrylium (AH+ iso) comprise the usual speadserved in flavylium-derived networks, in these, the
styryl derivatives of quinoidal bases, hemiketalsd chalcones. The thermodynamics and kinetichefctossed
networks were characterized by the use of UV-visogition and NMR spectroscopy as well as time-wesbpH
jumps followed by stopped-flow. The two styrylfldym cations are connected (isomerize) through &lternative
intermediates, the asymmetric trans-styrylchalc(@® and a spiropyran-type intermediate (SP). At-pH, AH+
slowly evolves (kobs: 10-5 s -1) to a mixture containing 62% AH+ isodtlngh the Ct intermediate, while at pH =5,
the SP intermediate is involved. The observed catestants for the conversion of the styrylflavylaations into
equilibrium mixtures containing essentially Ct &oll a pH-dependent bell-shaped curve in both netsvdthile at
pH = 1 in the dark, AH+ evolves to an equilibriunixtare containing predominantly AH+ iso, irradiatiat a; &gt;
435 nm induces the opposite conversion. © 2012 AraerChemical Society.

S. Gagoy. Petrov, A.J. Parola and F. Pin8ynthesis, characterization and photochromism-of 3
butoxyflavylium derivativesJournal of Photochemistry and Photobiology A: Cistnyp 2012
244: 54-64UnTtatn: 3; IF=2.63

Abstract: The compounds-Butoxy-7-methoxyflavylium and'3utoxy-7- hydroxyflavylium were synthesized and
the respective equilibrium and rate constants deted by two complementary techniques, pH jumps feh
photolysis. An experimental strategy based on thesdechniques allowed calculation of all the éqrium and rate
constants of the system carried out for the fiistetin flavylium compounds lacking of the high tians
isomerization barrier. Irradiation of the transicoae gives rise to the formation of the cis-chatstill during the
lifetime of the flash, which disappears through tparallel reactions: (i) one leading to the recgwef the trans-
chalcone and the other, (i) forming flavylium cativia hemiketal. This last reaction is globallpeedent on pH and
at less acidic pH the system reverts back to @estchalcone. The highest yield of colour productipon the flash
takes place in the pH range 2-3.5. © 2012 Else®igt

Y. Leydet, R. Gavard/. Petrov, A.M. Diniz, A. Jorge Parola, J.C. Lima and F.&ihhe effect of
self-aggregation on the determination of the kimeind thermodynamic constants of the network
of chemical reactions in 3-glucoside anthocyaniPisytochemistry2012 83: 125-135LuTaTtu:

36; IF=3.21

Abstract: The six most common 3-glucoside anthoityan pelargonidin-3-glucoside, peonidin-3-glucoside
delphinidin-3-glucoside, malvidin-3-glucoside, cidin-3-glucoside and petunidin-3-glucoside wered&td in great
detail by NMR, UV-vis absorption and stopped fldvar each anthocyanin, the thermodynamic and kimetstants
of the network of chemical reactions were calcdaedifferent anthocyanin concentration, from $0<6 M up to 8
x 10-4 M; an increasing of the flavylium cation dity constant to give quinoidal base and a deangasf the
flavylium cation hydration constant to give hemideivere observed by increasing the anthocyanin exdnation.
These effects are attributed to the self-aggregatidghe flavylium cation and quinoidal base, whisfstronger in the
last case. The UV-vis and 1H NMR spectral variggiogsulting from the increasing of the anthocyamincentration
were discussed in terms of two aggregation modatmomer-dimer and isodesmic, the last one consigldtie
formation of higher order aggregates possessingsdin@e aggregation constant of the dimer. The geffegation
constant of flavylium cation at pH = 1.0, calcuthtsy both models increases by increasing the nuofmethoxy (-
OCHS3) or hydroxy (-OH) substituents following theder: myrtillin (2 -OH), oenin (2 -OCH3), 3-OGI-patidin (1 -
OH, 1 -OCH3), kuromanin (1 -OH), 3-OGl-peonidin {@CH3) and callistephin (none). Evidence for flawm
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aggregates possessing a shape between J and ldhiaged, as well as for the formation of highereordggregates.
© 2012 Elsevier Ltd. All rights reserved.

R. Gavara, Y. LeydetV. Petrov and F. Pina,Photochemistry of 2-(4-hydroxystyryl)-1-
naphthopyrylium. Photochemical and Photobiological Scienc912 11(11): 1691-1699.
Uutatu: 6; IF=2.34

Abstract: A new photochromic system based on 2y@kdxystyryl)-1-naphthopyrylium encompasses thepprtes
of the previously described naphthoflavylium anghdflavylium systems. The photoproduct exhibite@our deep
in hue and is red shifted in comparison with theuiegent flavylium system. Reaction of 2-hydroxy-1-
naphthaldehyde with p-hydroxystyrylmethylketoneairetic acid in the presence of tetrafluoroboria ad acetic
anhydride as catalysts leads to a mixture of twonpmunds: the photochromic 2-(4-hydroxystyryl)-1-
naphthopyrylium and a second product 2-(4-acetgxyi3tl-naphthopyrylium resulting from the acetytat by
acetic anhydride of the former. In acidic mediund @t room temperature the hydrolysis of the acetiyvative
leads to the 2-(4-hydroxystyryl)-1-naphthopyrylium,circa 2 days, [HCI] = 0.25 M. The pH dependehémical
reactions taking place with 2-(4-hydroxystyryl)+laphthopyrylium were determined by UV-Vis, stooffledv, flash
photolysis and 1H NMR and follow the same genemrdtepn of flavylium derivatives. In order to rataize the
photochromism, an energy level diagram summarizithghe equilibrium and rate constants of the nekwewas
drawn. © The Royal Society of Chemistry and Owneri&ies 2012.

A. Sousay. Petrov, P. Aradjo, N. Mateus, F. Pina and V. De Freifdsggrmodynamics, kinetics,
and photochromism of oaklins: A recent family obxd@anthocyanidinsJournal of Physical
Chemistry B2013 117(6): 1901-191iuTaTn: 6; IF=3.18

Abstract: Two oaklins guaiacylcatechinpyrylium (GCGId syringylcatechinpyrylium (SCP) and a modehpound
deoxypeonidin (DOP) were synthesized, and the aatk equilibrium constants of the respective pH ddpat
network of chemical reactions were calculated.dnt@st to anthocyanins, the three compounds possssiall cis-
trans isomerization barrier and hence the ratehefttans-chalcone formation follows a bell-shapadve as a
function of pH. The three compounds exhibit photoaism obtained by irradiation of the trans-chaksowhich,

depending on pH, leads to the colored specieslitamycation and quinoidal base. The flash photslysgether with
pH jumps followed by UV-vis absorption and stopfiledv is a very useful tool to achieve the rate agdilibrium

constants of the network of chemical reactionofelid by these molecules. Oaklin compounds whicHaaneed in

wine aged in oak barrels present physical-chenpogperties more similar to simpler deoxyanthocymsidather
than anthocyanins and may play a significant ralecélor changes observed in wine aging. Given thajher

stability, they may be regarded as potential fodldrants. © 2013 American Chemical Society.

V. Petrov, R. Gavara, O. Dangles, S. Al Bittar, N. Mora-Sdlevand F. PinaA flash photolysis
and stopped-flow spectroscopy study of4'8lihydroxy-7-Op-d-glucopyranosyloxyflavylium
chloride, an anthocyanin analogue exhibiting eéfidi photochromic propertief2hotochemical
and Photobiological ScienceX)13 12(3): 576-581lUuTtaTu: 5; IF=2.34

Abstract: The complete determination of all ratel aguilibrium constants of the network of revermsishemical
reactions involving the anthocyanin analogug4’-8lihydroxy-7-O$-d-glucopyranosyloxyflavylium chloride, was
achieved by means of UV-visible spectroscopy, flgisbtolysis and pH jumps monitored by stopped-fléw.energy
level diagram containing all the data was obtaiedetailed step by step procedure illustratingtadl calculations is
reported. © 2013 The Royal Society of Chemistry @wher Societies.

R. Gavara). Petrov, A. Quintas and F. Pin&ircular dichroism of anthocyanidin 3-glucoside
self-aggregatesPhytochemistry2013 88: 92-98LutaTtu: 7; IF=3.21

Abstract: Self-association constants for the flanyl cations of the six most common anthocyanidigligosides
were determined by circular dichroism (CD) and U\s-$pectroscopy. Along with previous 1H NMR resu#h
measurements were consistent with a monomer-dimdeinThe CD spectra of the anthocyanidin 3-glutesiwere
similar to the analogues 3,5-diglucosides. All disnef the anthocyanidin 3-glucosides exhibited-theihded CD
signals, with petunidin-3-glucoside and myrtilliaving the most intense signals. In addition, thgmitade of the
molar ellipticity, P], was generally higher for the 3-glucosides thamtlie 3,5-diglucosides. For all six anthocyanins
studied, the CD absorption spectra of their dinst&x®ved evidence of the splitting of the monomeogii®n into
lower (J aggregates) and higher (H aggregates)ggnsands. The angle and the distance between padi
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moments of the two monomers comprising the dimeewbtained from the lower energy absorption b&lile the
angle was more or less similar in all six dimefse separation distance between the monomer dipolaemts
differed dramatically. The intensity of the CD sijisplayed a linear dependence with the invegsmare of the
dipole moment distances. © 2013 Elsevier B.V. #ghts reserved.

G. Calogero, A. Sinopoli, I. Citro, G. Di Marcdd. Petrov, A.M. Diniz, A.J. Parola and F. Pina,
Synthetic analogues of anthocyanins as sensitizerdye-sensitized solar cell®hotochemical
and Photobiological ScienceX)13 12(5): 883-894LuTaTtu: 27; IF=2.34

Abstract: Seven flavylium salt dyes were employed the first time as sensitizers for dye-sensitisethr cells
(DSSCs). The theoretical and experimental wavelengt the maximum absorbances, the HOMO and LUM&g@n
levels, the coefficients, the oscillator strengtimsl the dipole moments are calculated for thestheiin dyes. The
introduction of a donor group in the flavylium moldar structure was investigated. Photophysical and
photoelectrochemical measurements showed that s@intbese synthetic analogues of anthocyanins arg ve
promising for DSSC applications. The best perforogawas obtained by a DSSC based on the novel camdpbu
(N,N-diethylamino)-34'- dihydroxyflavylium which produced a 2.15% solaneggy-to-electricity conversion
efficiency, under AM 1.5 irradiation (100 mW cm-&ith a short-circuit current density (Jsc) of 1218 cm-2, a fill
factor of 0.5 and an open-circuit voltage (Voc)d855 V; its incident photocurrent efficiency of9slat the peak of
the visible absorption band of the dye is remarkaBlur results demonstrated that the substitutfcm toydroxylic
group with a diethylamine unit in position 7 of girA of the flavylium backbone expanded thxeonjugation in the
dye and thus resulted in a higher absorption invikible region and is advantageous for effecti\eteon injection
from the dye into the conduction band of TiO2. € 20’he Royal Society of Chemistry and Owner Saeseti

A. Moro, AM. Diniz, V. Petrov and F. Pina, Chemistry of 7,8-dihydroxy-2-(4-
dimethylaminostyryl)-1-benzopyrylium. A photochmomystem switching from yellow to green.
Journal of Photochemistry and Photobiology A: Clstrgj 2013 263: 17-23.Uutatn: O;
IF=2.85

Abstract: The bio-inspired compound 7,8-dihydroxgd2dimethylaminostyryl)-1- benzopyrylium (styryafrylium)

was synthesized through the insertion of a doubledlbetween rings B and C of the flavylium catidihe pH

dependent network of chemical reactions of the nempound is similar to the one of anthocyanins eeidted
compounds. The styrylflavylium is the dominant spea@t very low pH values. At moderately acidic yues the
respective quinoidal base is formed by deprotonatiche styrylflavylium in competition with the tgation reaction
to give an analogous of the anthocyanins hemikd@taé cis-chalcone is formed through the hemiketalg(C

opening) and the trans-chalcone by the cis-trasmaésization of the former. All the rate and equilin constants of
these reactions have been calculated, permittingphopletely characterize the styrylflavylium netkolhile in

water no photochromism could be observed in thegoree of CTAB micelles, formation of the flavyliucation

upon irradiation of the trans-chalcone takes pla@emplexation of the quinoidal base with Al3+ wdeacly

identified. © 2013 Elsevier B.V. All rights resed:e

V. Petrov, A.M. Diniz, L. Cunha-Silva, A.J. Parola and Fn&,Kinetic and thermodynamic study
of 2-hydroxy-8-methoxyflavylium. Reaction network iotewverting flavylium cation and
flavanone RSC Advances013 3(27): 10786-10794lutatu: O; IF=3.11

Abstract: 2-Hydroxyflavylium and 2hydroxyflavanone derivatives can be interconvetigda precise sequence of
pH jumps, through the respective intermediate (Mao@ized trans-chalcones. In acidic and neutradimethe well
known network of chemical reactions involving fléuyn cation, quinoidal base, hemiketal, and cis a&rahs
chalcones is established. In the pH range 8 &lt; &tl 10, the chalcone (Ct) deprotonates and ewlie the
formation of a flavanone (F). At higher pH valugee di-ionized trans-chalcone is the stable spefwesied from the
flavylium cation. Acidification of the di-ionizedd@ns-chalcone gives the flavylium cation or thevdl@one, via the
mono-ionized trans-chalcone, respectively at pH &land pHx 9. In contrast with the chalcones, the flavanamezo
formed is stable even in acidic media. However,earstfongly basic conditions, it leads back todhmnized trans-
chalcone, the most stable species at more basi@plds, and the reactions leading to Ct-, F, G2, constitute a
one direction cycle for interconversion of thesecsgs. © The Royal Society of Chemistry 2013.
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F. Pina,V. Petrov and C.A.T. Laia,Photochromism of flavylium systems. An overvieva of
versatile multistate system: Erratum: (Dyes andniegts (2012) 92:2 (877-889)Dyes and
Pigments2013 99(1): 256uTtaTtu: O; IF=3.47

V. Petrov, S. Stanimirov, I.K. Petrov, A. Fernandes, V. Deifas and F. PindEmptying thes-
cyclodextrin cavity by light: Photochemical removaf the trans -chalcone of '4-
dihydroxyflavyliumJournal of Physical Chemistry 2013 117(41): 10692-1070LuTaTn: 13,
IF=2.85

Abstract: The interaction between the network aofcal reactions of the compoun@74dihydroxyflavylium and-
cyclodextrin was studied by means of pH jumpspfefld by UV-vis absorption, flash photolysis, stapflew, and
NMR. The trans-chalcone is the network specieshiting the strongest interaction with the host.nioderately
acidic medium, 95% of the trans-chalcone, 2.5 %6 1; in the presence @fcyclodextrin, 9 x 10-3 M, is expected to
fill the host cavity (association constant 2.2 8 -1). In contrast, flavylium cation does not rr#tet (association
constante 0). Irradiation of the trans-chalcone in the pneseofp-cyclodextrin 9 mM leads to the flavylium cation
appearance. Light is thus capable of removing rdrestchalcone from thigcyclodextrin, leaving the cavity empty.
The system is reversible and trans-chalcone goels teathe initial state upon switching off the ligtlue to the
thermodynamic favorable conversion of flavyliumioatto trans-chalcone in the presenc@-ofyclodextrin. © 2013
American Chemical Society.

L. Cabrita,V. Petrov and F. PinaDn the thermal degradation of anthocyanidins: CgamiRSC
Advances2014 4(36): 18939-189441uTtatu: 6; IF=3.11

Abstract: Cyanidin was studied by direct pH jumfserg equilibrated solutions at very low pH valueshigher pH
values) and reverse pH jumps (from equilibratedarequilibrated solutions at higher pH values éoyMow ones).
The kinetic steps of the direct and reverse pH gimpre followed by stopped flow, absorption spetopy and
HPLC, at different timescales. The pH depender cahstant of the slower kinetic process to rebehetjuilibrium

follows a bell shaped curve as described for mamghetic flavylium compounds. Unlike anthocyaniitswas

proved that there is no pH dependent reversibilityie system, since the chalcone suffers an irsésle degradation
process. The mathematical expression to descrébbeth shaped behaviour was deduced. These resuitsbute to
explain why in plants glycosylation is crucial fohe stabilization of the anthocyanins. © 2014 thatrier

Organisations.

V. Petrov, S. Slavcheva, S. Stanimirov and F. Pi@agin of the metastable stability in flavylium
multistate systemslournal of Physical Chemistry 2015 119(12): 2908-2918LUuTtaTtu: 2
IF=2.85;

Abstract: Metastable states regarding the netwdrlchemical reactions involving flavylium compoundgere
investigated as well as the role they may play adefs for optical memories capable of write-reaaiser A necessary
requirement to achieve metastable states in flanysystems is the existence of a high cis-trarmésization barrier,
as in 4-hydroxyflavylium described through this paperaim optical memory, the metastable state could ésitinal
to be detected upon the write step. In that caseatlioerase is prevented by the metastable statweSely, the
metastable state may be the initial state and ptevéhe auto and unwanted write step. The compotind
hydroxyflavylium offers the possibility of achiewirboth of these two situations, depending on tlygiesece of the
pH stimuli prior to light absorption. In this worthe pH dependent distribution of the flavylium specof the
network in the presence @fcyclodextrin was calculated. Improvement of thefgrenance of the photochromic
system in the presence[®tyclodextrin was observed. © 2015 American Chehcmiety.

N. Basilio, V. Petrov and F. Pina,Host-Guest Complexes of Flavylium Cations and
Cucurbit[7]uril: The Influence of Flavylium Substénts on the Structure and Stability of the
Complex.ChemPlusChen2015 80(12): 1779-17834utatu: 6; IF=3.24

Abstract: The host-guest complexes formed fromdsfferently substituted flavylium cations and cuaitfi7]uril
(CB7) have been characterized by UV/Vis absorptibmrescence emission and 1H NMR spectroscopyvals
observed that all flavylium cations form 1:1 inébmscomplexes with association constants that d¢perthe nature
and position of the substituents. The results meithat CB7 displays higher affinity for more hyplobic flavylium
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compounds and for those bearing amino substitugRtSMR spectroscopy was used to elucidate thetsire of the

complexes. While for 7-hydroxyflavylium and 4-mdtiyhydroxyflavylium the phenyl group (ring B) isdluded

within the host's cavity leaving the benzopyriligroup (rings A and C) outside, i, Z-dihydroxyflavylium and
3,4, 7-trihnydroxyflavylium the macrocycle shuttles beem rings A and B. For compounds with amino sulestits it

was found that CB7 is attracted towards these groagardless of their position in ring A or B. ldd#ion, it was

observed that the dimethylamino group tends to bsitipned near the carbonyl-decorated portal whiie

diethylamino motif prefers the hydrophobic cavity ©@B7. © 2015 Wiley-VCH Verlag GmbH & Co. KGaA,
Weinheim.

N. BasilioV. Petrov and F. PinaCorrigendum to: Host-Guest Complexes of Flavyliuatidhs
and Cucurbit[7]uril: The Influence of Flavylium Sstituents on the Structure and Stability of the
Complex (ChemPlusChem, (2015), 80, (1779-1785),00Q/cplu.201500304ChemPlusChem,
2016 81(11): 1136UuTaTu: O; IF=3.24

Abstract: Unfortunately, in Table 1 of the origiraaticle the association constants for the compsuhidMAHF and

4’-EAHF extrapolated for pH=1 are not correct. Tdoerect values are 8x106M-1 and 5x106M-1 for 4’-MAENd
4’-EAHF, respectively, and not 8x105M-1 and 5x10%Ms originally reported. The corrected table mghbelow.

The discussion and conclusions were based on thectwalues and therefore this error has no initeeon them.
We apologize to all readers for any inconvenieinig ¢rror might have caused. (Table Presented)0%® 2Viley-

VCH Verlag GmbH & Co. KGaA, Weinheim.

J. Av6, V. Petrov, N. Basilio, A. Jorge Parola and F. Pif&idence against the Twisted
Intramolecular Charge Transfer (TICT) model in 74iaoflavylium derivatives.Dyes and
Pigments2016 135: 86-93LUuTtatn: 2; IF=3.47

Abstract: A 4-hydroxyflavylium bearing a julolidine (2,3,6,74tahydro-1H,5H-benzo[ijjquinolizine) substituent in
position 7 to minimize the amine rotation was chteazed. Similarly to the 7-(N,N-diethylamino)-4
hydroxyflavylium, the compound does not show traissehalcone photoisomerization in water and therscence
emission quantum yield of its flavylium catiobf(= 0.004) is 2.5 times lower than the non-rigiclag. These results
seem to exclude a Twisted Intramolecular Chargesfea (TICT) model to explain the lack of photoismmation of
the chalcones and the small quantum yield of flsoeace emission in these compounds. The julolislitstituent is
however slightly more efficient to prevent the hatilon of the flavylium cation than the non-rigid iaes. In both
compounds hydration takes place only at basic pHegathrough the attack of the hydroxyl in positrof the
quinoidal base. The chalcone forms of the julokdderivative are unstable and decompose after aldveurs. The
rate of flavylium formation from trans-chalconesi®w but increases directly with the mole fractanprotonated
trans-chalcone for 1 &lt; pH &It; 3 and at higheon concentrations it is proportional to [H3O+tiggesting the
existence of proton catalysis for the isomerizaiiorthe chalcone form. This catalytic effect of theton is also
observed in the compound Zdihydroxyflavylium, showing that it is a morerggal phenomenon not related to the
protonation of the amine substituent and not reyabsb far. © 2016 Elsevier Ltd

S. Gutzov, N. Danchova, R. Kirilova/. Petrov and S. YordanovaPreparation and
luminescence of silica aerogel composites contgiran europium (llI) phenanthroline nitrate
complex.Journal of Luminescenc2p17 183: 108-112UunTtaTu: 0; IF=2.69

Abstract: A simple two step procedure for the fioratlization of hydrophobic silica aerogel micraguées with
europium ions and/or 1,10 - phenanthroline is destrated. The activation procedure is based on sgai@rogels in
a europium nitrate solution, followed by functiomzation with 1,10 — phenanthroline. The functioraetl materials
display strong red or blue emission at UV-excitatiooming from the formation of [Eu(phen)2](NO3)B Si(IV)—

1,10-phenathroline complexes in the porous systettmecaerogels. The most probable site symmettii@europium
cation is C2v confirmed by luminescence spectralyaisa Room temperature diffuse reflectance speetnd
excitation/luminescence spectra are used to desthib optical properties of the hybrid compositegcitation

spectra prove an efficient energy transfer betwiegf — phenanthroline and the Eu3+ ion. © 2016





