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Abstract

The multistate/multifunctional properties of-dydroxyflavylium in a water/I+-butyl-3-methyl-imidazolium hexafluorophosphate
([omim][PFg]) biphasic system are described. The kinetics and thermodynamics of this flavylium salt have been fully characterised
in aqueous solutions and compared to those obtained in [bmig]][PRe trans-chalcone is thermally more stable in the ionic liquid but
shows efficient photoisomerisation to ttie-chalcone, allowing to definarite—read-erasecycles in this biphasic system.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction In this work, the multistate/multifunctional properties of

4'-hydroxyflavylium in a water/In-butyl-3-methyl-imida-
Synthetic flavylium salts, can exist in different forms zolium hexafluorophosphate ([bmim][Blbiphasic system

(multistate) that can be interconverted by different external is described. This compound is very well characterised in

stimuli (multifunctional) [1]. In particular, they respond to  aqueous solutiofic,6], and can thus be an interesting probe

light and pH stimuli in a way that is similar to the behaviour of some properties of the ionic liquid.

of an optical memory, and in same cases are capable to mim-

icking, in a primitive way, some properties of neurqhd].

In the framework of supramolecular chemistry, increas- 2. Results and discussion

ing of complexity can be viewed as a step further to the

bottom-up approach. This approach should give rise to Synthetic flavylium salts constitute a class of molecules

different properties and by consequence to new functions. possessing the same basic structure of anthocyanins, as well

Recently, this strategy was carried out by incorporating as the same sequence of structural transformations in aque-

the 4,7-dihydroxyflavylium in water—ionic liquids biphasic ~ ous solution, as shown Bcheme 1for 4'-hydroxyflavylium

systemg2]. Room temperature ionic liquids are thermally in water[1c,6].

stable salts, constituted by an organic cation and either an In acidic water, it is possible to distinguish five species of

organic or inorganic anion, and unlike traditional inorganic this compound: the flavylium cation (AH; the quinoidal

molten salts, present a high degree of asymmetry that in-neutral base (A), formed upon deprotonation of AH

hibits crystallisation at room temperatures. In addition, they the hemiketal (B2), obtained by hydration of AHthe

are air and water stable, exhibit a non-measurable vapourcis-chalcone (Cc), resulting from tautomerisation of B2;

pressure and are able to solvate a variety of organic and inor-and thetrans-chalcone (Ct), due to the isomerisation of

ganic compounds, and have found a variety of applications Cc. In basic water, ionisedis- and trans-chalcones (Ct,

in catalysig3], biocatalysig§4] and separation procesg&s. Cc¢?~, Ct~ and Ct), obtained by deprotonation of pheno-
lic hydroxyl groups, can be observed in the equilibrium or
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Scheme 1.

isomerisation. For example, thieanschalcone can lead, Scheme 2In a previous study6], McClelland and McGall

upon irradiation, to theis-chalcone or the flavylium cation, reported on the kinetics and thermodynamics of the several

depending on pH. equilibria described irScheme 1 Additional information
The equilibrium and rate constants of the several pro- on this system was obtained from the photochemical be-

cesses occurring in’<ydroxyflavylium are shown in  haviour, in particular by flash photolysjdc]. A thermal
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barrier of 129 kJ mol! between theis- andtrans-chalcones beerased This operation can be carried out through steps (i)
was then determined. The existence of this barrier allows to (iv).
to obtain thetrans-chalcone in a metastable state, in a pH  When aqueous solutions of’-dydroxyflavylium are
range where the thermodynamically stable species is themixed with the ionic liquid 1r-butyl-3-methyl-imidazolium
flavylium cation, and prevents the back reaction of the pho- hexafluorophosphate, [bmim][BF the two solutions are
toproductcis-chalcone, when it is obtained from irradiation not miscible and several interesting phenomena take place.
of its transisomer, write step, see below. Fig. 1 shows one sequence of steps that allows to describe
In recent years, we introduced a simple energy level di- a cycle exhibiting the function ofvrite—tread-erase In a
agram which can be constructed from the equilibrium con- typical experiment, an aqueous solution of the compound
stants of the complex network of chemical reactions, as 4'-hydroxyflavylium perchlorate, at pH= 1.0, was added
shown inScheme Zbottom)[1]. Such a diagram is very to a similar volume of the ionic liquid. Moderate shaking
useful to understand the response of the system to the lightleads to complete transfer of all the flavylium cation into
and pH impulses, and can be complemented with a secondhe ionic liquid, in its orange-brown quinoidal base form,
scheme detailing the kinetic processes of the network, seeA. However, upon ca. 1 min of vigorous shaking, the bot-
Scheme 2Atop). This scheme was elaborated by recasting tom ionic liquid solution becomes yellow, indicating that
the data originally reported ific] and[6]. A was protonated to form the AHspecies. The system is
Scheme Zan be used to illustrate the write—read—erase now ready for a write—read—erase cycle.
properties of the system. Solutions of the flavylium cation
at pH = 1.0 are very stable and can be stored during long 2.1. Cycle to write—read—erase
periods of time. Taking a solution of the compound at
pH = 1.0 and performing a pH jump, for example, to 12, Flavylium cation, AH", dissolved in the ionic liquid is the
the following kinetic process take place: (i) formation of A starting and arriving point of the proposed cydiég. 1c—f
with a lifetime of 38us; (i) hydroxylation of A leading to ~ show four stages obtained upon a pH jump from 1 to 12
B2 (eventually B2), with lifetime of 0.7 s, followed by a  carried outin the aqueous phase. The final equilibrium in this

faster process (not observable) that give$ Cdiii) Ct2~ step is obtained with the &t species completely dissolved
can be obtained from irradiation of €cor at high temper-  into the aqueous phaskig. 1f.

ature in several minutes; (iv) a pH jump back to pH1.0 The absorption spectra of the several species in
leads to the Ct species in a metastable state; (v) irradiation[omim][PFe] are shown inFig. 2, in accordance with the
of Ct leads to Cc which in 69ms forms Bv(te step: colours displayed ifrig. 1. Trace b is the initial absorption
(vi) B2 in 0.4 ms gives rise to the final product, AH(vii) spectra of the flavylium cation and, trace h its final spec-

AHT constitutes the signal, the response of the system, andtrum after the cycle. Traces a, d and e show the progressive
because it is thermal and photochemically stable, the infor- transformation of the base A, with its typical vibrational
mation can beead without being erased; (viii) in order to ~ resolution, into the Cc/Ct*~ species, which are more
prepare the system for another cycle, the information should soluble in the agueous phase (not shown).
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Fig. 1. (a) [bmim][PF] (bottom phase) and’ydroxyflavylium perchlorate in 0.01 M HCI (upper phase); (b) after strong shaking of both solutions; (c)
after alkalinisation of the aqueous phase (pH 12) with minimum shaking; (d) after medium shaking; (e) after strong shaking; (f) after severat minutes
room temperature or upon irradiation of the aqueous phase; (g) after reacidification of the aqueous phase (pH 1) and strong shaking; (h) iafter irradiat
of the ionic liquid phase.



188 D. Fernandez et al./Journal of Photochemistry and Photobiology A: Chemistry 168 (2004) 185-189

12 . T T LI
L B I """
1.2 } i - . 4
.~"I)I o
A L | L 4
08 | o 1
L
08 | ] £ ‘e k_ =0.0043 h™'
e} obs
g L o .
i 1 < ;
I ] 04l @ ]
0.4 "
0 1 1 1 e 1 1 E
250 350 450 550 0® : . s s
Wave|ength (nm) 0 200 400 00 800 1000
Time (h)
Fig. 2. Absorption spectra of the several species’dfiytlroxyflavylium
in [omim][PFs]. Labels correspond to those Fig. 1 Fig. 3. Kinetics of the formation of AH from Ct in [bmim][PFs], with
a lifetime of 9.7 days. The solution was maintained in the dark, at room
temperature.
The next step of the cycle consists into a pH jump in the
aqueous phase, back to pH 1.0, followed by vigorous The spectral variations occurring upon steady-state irra-

mixing of the two phases. This procedure allows the Ct diation at 365 nm of the Ct species dissolved into the ionic
species formed in the agueous phase to completely dissolvdiquid are qualitatively similar to those previously reported
in the ionic liquid, Fig. 1g and trace g ofFig. 2 The Ct for the 4-dihydroxyflavylium in pure water. Flash photoly-
species in the ionic liquid is relatively stable, with a lifetime sis measurements are reportedrig. 4. Two processes that

of 9.7 days at room temperature, in the dark, &g 3 follow the light pulse can be individuated. The first one cor-
This value compares with the shorter lifetime of 0.3 days in responds to the bleaching of the solution at 340 nm occurring
agueous solutions obtained under similar conditi@js during the lifetime of the flastig. 4B. This process can be

In contrast with the high thermal stability of the Ct species assigned to thérans—cis isomerisation. The second one is
in the ionic liquid, efficient formation of AR occurs when the formation of AH from Cc, withkops = 0.2571, clearly
Ctis irradiated with near UV light, allowing arite step to shown by the increasing absorption at 440 rffig. 4A.

be executed. According to the traces dofig. 4, neither recovery of the
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Fig. 4. Flash photolysis of the Ct species in [bmim]§RFn contact with an aqueous solution at pHL: (A) kinetics of AH" formation; (B) kinetics
of Ct disappearance.
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Ct absorptionFig. 4B, nor decreasing of AH absorption, support provided through the European Community’s Hu-
Fig. 4A, is observed, confirming the existence of the thermal man Potential Programme under contract HPRN-CT-2000-
barrier[1,2]. According toScheme 2the rate determining 00029 [Molecular Level Devices and Machines].

step at pH 1, in aqueous solutions should be the tautomeri-
sation reaction, with a rate constant of 7.60.26 s by

73x 0.1s71). In the ionic liquid, the equivalent process oc-
curs with a rate constant of O'ZJS Fig. 4A. Taking into 1] (a) F. Pina, M. Maestri, V. Balzani, Handbook of Photochemistry and
account that the reported pH values are always measured = photobiology, vol. 3, ASP, 2003, Chapter 9, pp. 411-449;

in the aqueous phase upon strong shaking, this lower value (b) F. Pina, M.J. Melo, M. Maestri, R. Ballardini, V. Balzani, J. Am.

could reflect the expected lower proton concentration in the ~ Chem. Soc. 119 (1997) 5556-5561;
ionic quuid phase (c) F. Pina, A. Roque, M.J. Melo, M. Maestri, L. Belladelli, V. Balzani,

Chem. Eur. J. 4 (1998) 1184-1191,
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