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methoxyflavylium and Their Consequences on the Coloring Phenomena
Caused by Anthocyanins in Plants

Raquel Gomes, A. Jorge Parola, Jo¼o C. Lima, and Fernando Pina*[a]

Introduction

Synthetic flavylium salts are a
versatile family of compounds
possessing the same basic
structure and the identical net-
work of chemical reactions as
anthocyanins, the ubiquitous
compounds responsible for
most of the red and blue
colors of flowers and fruits.[1,2]

The species involved in the
general network of chemical
reactions undergone by a fla-
vylium salt in moderately
acidic aqueous solutions are
shown in Scheme 1.[1–3] The fla-

vylium cation itself, AH+ , is the thermodynamic stable spe-
cies in water at very acidic pH values; by increasing the pH,
a hydration reaction occurs leading to the hemiketal species,
B. The rate of the hydration reaction is strongly pH depend-
ent and typically occurs on the second or sub-second time-
scale. The hemiketal ring can open, leading to the cis-chal-
cone, Cc ; this reaction also occurs on the sub-second time-
scale and is slightly dependent on the pH. Finally, trans-chal-
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Scheme 1. General network of chemical reactions of a flavylium compound in acidic media.
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cone, Ct, is obtained from its cis isomer, on a timescale that
ranges from several minutes to days.[3] If the cis–trans proc-
ess is slow enough, a pseudoequilibrium state involving the
AH+ , B, and Cc species can be defined[4] and will evolve
with time to the final thermodynamic equilibrium
(Figure 1).

At the final thermodynamic equilibrium (Figure 1, solid
curves), the isomerization reaction leads to Ct, at the ex-
pense of AH+ , B, and Cc. One of the interesting features of
these compounds is that AH+ and B can be reversibly inter-
converted by pH changes, whereas Cc and Ct can be inter-
converted by photoexcitation. The kinetic stability of the
species in the pseudoequilibrium (AH+ , B, and Cc) at mod-
erately acidic pH values (pH>3) depends on the height of
the kinetic barrier separating the cis- and trans-chalcone iso-
mers and has great importance in the application of these
compounds as optical memories.
The mole-fraction distribution (Figure 1, right) at the

pseudo- as well as at the thermodynamic equilibrium can
change significantly depending on the nature and position of
the substituents in the 2-phenyl-1-benzopyrylium skeleton.
Furthermore, the rates of the different kinetic processes in-
volved are also dependent on the substitution pattern.[6]

However, irrespective of all the differences brought by the
nature and position of the substituents, a general pattern is
maintained for this family of compounds: the flavylium is
the most stable species in acidic or very acidic media, and at
higher pH values, the hemiketal and the chalcones are the
dominant species.
In spite of the fact that anthocyanins and synthetic flavyli-

um salts have a common basic structure, and that both fami-
lies follow the transformations shown in Scheme 1—as dis-
covered by Dubois and Brouillard[7] for anthocyanins, and
reported three years later by Gedge and McClelland[3] for
synthetic flavylium salts—the synergies that can be obtained
from these coincidences have not been sufficiently empha-
sized. In fact, synthetic flavylium salts are good and versatile
model compounds for anthocyanins; for example, the fine

details of the kinetics of Scheme 1 were only realized for an-
thocyanins upon the work of Gedge and McClelland.[3] It is
also curious that synthetic flavylium salts were synthesized
by Wagner and Bullow[8] before the elucidation of the an-
thocyanin chemical structure by WillstNtter et al.[9]

Among the reactions described in Scheme 1, the hydra-
tion reaction is particularly rel-
evant. The hydration reaction
(and the coupled fast tautome-
rization) is important for the
establishment of color in the
vacuoles of plant cells, because
it is the key step for color loss
of these dyes at moderately
acidic pH values.[10] The pH
inside the vacuoles of plant
cells, where anthocyanins are
located in vivo, ranges roughly
between 3 and 6.[11] At these
pH values, anthocyanin solu-
tions in vitro are essentially
colorless and so nature must
have developed strategies for
stabilizing the color of antho-
cyanins inside the vacuoles.[12]

These strategies involve the association of flavylium cations
with other polyphenols (copigmentation) and complexation
with metal ions, giving rise to beautifully organized supra-
molecular structures.[13–17] It is usually believed that copig-
mentation is driven by hydrophobic-stacking interactions
and that the hydration is reduced mainly by exclusion of
water from the vicinity of the reactive center.[16]

Despite several studies devoted to the determination of
the equilibrium and kinetic constants of flavylium salts and
anthocyanins in aqueous solution[2–4,16] and micelles,[18–21]

there has been little reported about
the effect of lower polarity media
on the equilibrium and kinetic be-
havior of these compounds.[22–26] In
this work, we describe the interest-
ing behavior of 4’-iodo-8-methoxy-
flavylium tetrafluoroborate (1) in
solvent mixtures of water and etha-
nol.

Experimental Section

Synthesis : All reagents and solvents used were of analytical grade. NMR
spectra were recorded on a Bruker AMX400 spectrometer, MS spectra
were run on a Micromass GCT mass spectrometer, and elemental analy-
ses were obtained by using a Thermofinnigan Flash EA 1112 analyzer.

Compound 1 was prepared by condensation of 4-iodoacetophenone
(0.984 g, 4 mmol) and o-vanillin (0.609 g, 4 mmol), on the basis of a
method described by Katritzky et al.[27] The reagents were dissolved in
acetic acid (5 mL) and tetrafluoroboric acid (1 mL). Acetic anhydride
(ca. 5 mL) was then added, while keeping the temperature below 60 8C.
The solution became yellow, then red, and was stirred overnight. The

Figure 1. Left: Pseudoequilibrium involving AH+, B, and Cc (dashed box) and final thermodynamic equilibri-
um containing AH+ , B, Cc, and Ct (solid box). Right: Mole-fraction distribution of the several species as a
function of pH: upon pH jumps from a very acidic solution the system may be described as a pseudoequilibri-
um involving AH+ , B, and Cc (dashed curve) that evolves slowly to the final thermodynamic equilibrium
(solid curves) also containing Ct ; frequently, B and Cc are not detectable at the final equilibrium such as in
the case of benzopyrylium (unsubstituted flavylium) exemplified here.[5]
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yellow solid that precipitated was filtered and washed with diethyl ether.
A yield of 38.9% was obtained; 4’-iodo-8-methoxyflavylium tetrafluoro-
borate can be recrystallized from glacial acetic acid. 1H NMR (400 MHz,
D2O/DCl, pD�1.0, 300 K, AH+ species): d=3.97 (s, 3H; OCH3), 7.53–
7.73 (m, 3H; H5, H6, H7), 7.98–7.92 (m, 4H; H2’, H6’, H3’, H5’), 8.50 (d,
3J=8.9 Hz, 1H; H3), 9.27 ppm (d, J=9.0 Hz, 1H; H4); MS-FD: m/z
(%): 364 [M+H]+ (100); elemental analysis calcd for C16H12BF4IO2: C
42.71, H 2.64; found: C 42.54, H 2.57.

The corresponding basic form of trans-chalcone (Ct�) was prepared ac-
cording to the method described by Robinson et al.[28] Potassium hydrox-
ide (0.75 g, 13.4 mmol) dissolved in the minimal amount of water was
added to a solution of o-vanillin (0.304 g, 2 mmol) and 4-iodoacetophe-
none (0.492 g, 2 mmol) in ethanol (2.5 mL). The mixture became yellow
and then orange. The red precipitate that formed was filtered and
washed with cold ethanol. A crude yield of 8.0% was obtained. The
product was neutralized with HCl to obtain the neutral trans-chalcone
isomer, then extracted with dichloromethane, dried over magnesium sul-
fate, and purified by means of flash chromatography (dichloromethane/
hexane 60:40). 1H NMR (400 MHz, CDCl3, 300 K): d=3.93 (s, 3H;
OCH3), 6.86–6.95 (m, 2H; H6, H5, or H7), 7.17 (dd, 3J=7.0 Hz, 4J=
2.3 Hz, 1H; H5 or H7), 7.68 (d, 3J=15.7 Hz, 1H; H3), 7.73 (d, 3J=
8.4 Hz, 2H; H3’, H5’), 7.85 (d, 3J=8.4 Hz, 2H; H2’, H6’), 8.01 ppm (d,
3J=15.7 Hz, 1H; H4).

General methods : UV/Vis absorption spectra were recorded on Shimad-
zu UV2501-PC or Varian-Cary 100 Bio spectrophotometers. Irradiation
was carried out by using a medium-pressure mercury arc lamp (Helius),
and the excitation bands were isolated by using interference filters
(Oriel). The incident light intensity (2.15P10�7 einsteinmin�1) was meas-
ured by using ferrioxalate actinometry.[29]

Compound 1 is only slightly soluble in water. As a routine procedure, 3–
5 mg of the compound were weighed and rapidly dissolved in the etha-
nol/water media to obtain a final concentration in the order of 10�4m.
The water/ethanol media was previously prepared by adding 10 mL of a
1m HCl solution to the required volume of water (0 to 80 mL) and etha-
nol was then added to give a final volume of 100 mL; the solutions pre-
pared in this way had a water content ranging from 10 to 90% (v/v). For
the 5% fraction of water, the water/ethanol medium was prepared by
adding ethanol to 5 mL of a 2m HCl solution to give a final volume of
100 mL. The experiments were performed at 40 8C. This temperature was
used to keep the compound soluble and also to decrease the time con-
sumed by each experiment. In order to prepare the 10�4m solutions of
the compound in a medium as close to water as possible, approximately
5 mg of the compound were dissolved in approximately 2 mL of ethanol
and 0.1m HCl was added to give a final volume of 100 mL. This solution
is not stable and a precipitate was formed after approximately one hour.
This period of time is, however, long enough to allow the measurement
of the respective rate constants.

Semiempirical calculations : Ground and first singlet excited heats of for-
mation and dipole moments were obtained from single-point calculations
(AM1-RHF-CI, 99 single excited configurations) on geometries previous-
ly optimized (AM1-UHF) by using the Hyperchem software package.[30]

Results and Discussion

Equilibrium constants : Comparison of thermodynamic data
obtained from using solvents other than water requires
some care, essentially because the meaning of the equilibri-
um constants can vary. For instance, an acid–base reaction
in water is usually expressed as an ionization constant that
implicitly incorporates the concentration of water. However,
in water/organic solvent mixtures, if the organic solvent is
unable to accept protons (or if the proton concentrations
are kept well below the basicity constant of the solvent), an
acid–base equilibrium should be described by an equilibrium

constant that explicitly shows the concentration of water in
its mathematical expression.
The network of chemical equilibria reported in Scheme 1

can be accounted for by using Equations (1)–(3):

AHþ þ 2H2OÐ B þH3O
þ KS

h ð1Þ

B Ð Cc Kt ð2Þ

Cc Ð Ct Ki ð3Þ

Equations (1) to (3) can be substituted by a single acid–base
equilibrium,[4] as shown by Equation (4), in which [CB]=
[B]+ [Cc]+ [Ct], and Equation (5):

AHþ þ 2H2OÐ CB þH3O
þ K0S

a ð4Þ

K0S
a ¼ KS

hþKS
hKt þKS

hKtKi ð5Þ

In the cases where an activation barrier exists for the inter-
conversion of cis- to trans-chalcone, a pseudoequilibrium
can also be defined as shown in Equations (6) and (7):[4]

AHþ þ 2H2OÐ ðCc þ BÞ þH3O
þ K^S

a ð6Þ

in which

K^S
a ¼ KS

hþKS
hKt ð7Þ

In this set of equations [Eqs. (1), (4)–(7)], all the terms refer
to the concentration of the species in the water/organic sol-
vent mixture, and the superscript S refers to the fact that
water is expressed as a reagent in a medium other that
water and its concentration is not incorporated into the con-
stant. A slight modification to the usual treatment[6,7] was in-
troduced in order to deal with the pH-dependent hydration
of the flavylium cation in water/organic solvent mixtures, be-
cause the hydration in the mixture must involve two water
molecules instead of one. This is due to the fact that one
molecule of water is necessary for the hydration step at po-
sition 2, while the other is needed to accept the proton and
yield the neutral hemiketal form. In pure water this is not
relevant, because the solvent can accept the released
proton, but it becomes important when water is mixed with
other solvents. On this basis, the equilibrium constants of
Equations (1), (4), and (6) are given by Equations (8), (9),
and (10), respectively.

KS
h ¼

½B�½H3O
þ�

½AHþ�½H2O�2 ð8Þ

K0S
a ¼

½CB�½H3O
þ�

½AHþ�½H2O�2 ð9Þ

K^S
a ¼

½Cc þ B�½H3O�
½AHþ�½H2O�2 ð10Þ

www.chemeurj.org F 2006 Wiley-VCH Verlag GmbH&Co. KGaA, Weinheim Chem. Eur. J. 2006, 12, 7906 – 79127908

F. Pina et al.

www.chemeurj.org


Thermal equilibrium and rates : The spectral modifications
that occur immediately after dissolution of 1 are exemplified
in Figure 2 for an ethanol/water 40:60 solvent mixture as
well as for absolute ethanol.

For solvent mixtures with more than 10% water, the ab-
sorption spectrum obtained immediately after the dissolu-
tion of compound 1 (Figure 2a) presents an absorption band
centered at approximately l=410 nm, characteristic of the
flavylium cation. The flavylium cation is in pseudoequilibri-
um with B and Cc until the final equilibrium is attained. In-
spection of this figure indicates that the same final product,
with an absorption maximum at l=323 nm, is formed in the
two cases. This product, whose formation follows first-order
kinetics (insets in Figure 2) independent of the water con-
tent, should be trans-chalcone.
In order to prove this hypothesis, compound 1 was dis-

solved in a basic aqueous solution, leading in a few minutes
to the formation of a stable orange-brown solution, whose
spectrum is identified as Ct� in Figure 3. Acidification of
this solution led to a spectrum identical to the final spectra
reported in Figure 2. The trans-chalcone of 4’-iodo-8-me-

thoxyflavylium, synthesized according to a method descri-
bed by Robinson et al.,[28] and characterized by the large
coupling constant between the protons in the 3- and 4-posi-
tions (3J3,4=15.7 Hz),

[31,32] exhibits again the same absorption
spectrum. This allowed us to assign Ct as the only species
present in the final equilibrium of 4’-iodo-8-methoxyflavyli-
um, at 40 8C and pH�1, independent of the water content
of the solution. The absorption spectra of the species descri-
bed through this work are shown in Figure 3. Elaboration of
the data of Figure 2 and of similar experiments using other
solvent proportions allowed us to obtain values for K^S

a

(Table 1).

It is an interesting feature of the system that the lower
the percentage of water in the solvent, the larger the
amount of B and Cc in the pseudoequilibrium at the ex-
pense of AH+ . In absolute ethanol, the pseudoequilibrium
shows no trace of the flavylium cation. This observation
conflicts with the common belief, in anthocyanin and in fla-
vylium salts chemistry, that a decrease in water concentra-
tion would lead to a stabilization of the flavylium cation as
a result of a decrease in the extent of the hydration reac-
tion.[16] Taking into account that disappearance of AH+

should result from the attack of water at position 2 of the

Figure 2. Spectral modifications observed immediately after dissolution
of 1 at 40 8C in a) a solvent mixture of ethanol/water (40:60) and b) abso-
lute ethanol.

Figure 3. Absorption spectra of the several species arising from the disso-
lution of 1: AH+ in 0.1m HCl, B/Cc in ethanol/water 80:20 (v/v), Ct� in
aqueous solution at pH 11, and Ct in aqueous solution at pH 1.0.

Table 1. Molar fraction of the species at the pseudoequilibrium and
values of K^S

a at 40 8C in several water/ethanol solvent mixtures.

Water%
ACHTUNGTRENNUNG(v/v)

xAH+

(pseudoequilibrium)
xB+Cc

(pseudoequilibrium)
K^S

a

ACHTUNGTRENNUNG[m�1]

0 0 1 –
5 0 1 –
10 0.066 0.934 0.046
20 0.07 0.93 0.011
35 0.11 0.89 2.4P10�3

50 0.24 0.76 4.1P10�4

60 0.52 0.48 8.3P10�5

80 1 0 –
90 1 0 –

Chem. Eur. J. 2006, 12, 7906 – 7912 F 2006 Wiley-VCH Verlag GmbH&Co. KGaA, Weinheim www.chemeurj.org 7909

FULL PAPERSolvent Effects

www.chemeurj.org


flavylium cation, the contradiction is evident, because we
found that less water leads to a more efficient disappearance
of AH+ . However, this contradiction is easily accounted for
by the fact that the flavylium cation is a charged species,
and thus strongly destabilized in media with low dielectric
constants, thus facilitating the hydration step to yield the
neutral hemiketal species, even when water is present in
only small amounts. Another interpretation would be that
the presence of aggregates in water would protect the flavy-
lium cation from hydration, and an increasing concentration
of ethanol would destroy the aggregates thus enhancing hy-
dration. This last interpretation was carefully checked and
discarded (see the Supporting Information).
The rate constants for trans-chalcone formation, measured

as a function of the water percentage in the solvent mixture,
are shown in Figure 4. Inspection of this figure shows a bell-

shaped curve: the rate constant increases with decreasing
water content up to �50% water and then decreases there-
after until pure ethanol is reached. The increase of the rate
constant with decreasing water content would be expected
on the basis of the previous arguments if the hydration reac-
tion were the rate-limiting step for trans-chalcone formation.
However, in the majority of flavylium compounds studied to
date,[6,7] it is the cis–trans isomerization that controls the
overall kinetics, with the pH-dependent hydration reaction
usually being faster than the isomerization. Moreover, the
experimental data reported above shows that the pseudoe-
quilibrium involving species AH+ , B, and Cc is reached im-
mediately upon dissolution, leading (at the pseudoequilibri-
um) to decreasing concentrations of AH+ with decreasing
water content. In spite of the fact that the cis–trans isomeri-
zation is undoubtedly the slowest process, it is still the
extent of hydration (and the flavylium cation stability) that
is indirectly controlling the overall rate. In other words, the
flavylium cation equilibrates with B and Cc (pseudoequili-
brium) rapidly, and its mole fraction at the pseudoequilibri-
um decreases with increasing ethanol content of the mixture

(Table 1). Taking into account that the isomerization reac-
tion is proportional to the concentration of Cc at the pseu-
doequilibrium (rate/ki[Cc]), decreasing the water content
leads to a lower flavylium cation concentration (as observed
experimentally) and as a consequence to an increase in Cc
concentration. Consequently, whatever the rate-controlling
step, it remains clearly shown that less water leads to more
efficient hydration.
In Figure 4, a further decrease in the water concentration

leads to a decrease of the observed rate constant. Below a
50% water concentration, the hydration reaction cannot
again be the rate-determining step, because immediately
after dissolution there is no flavylium cation, that is, the hy-
dration is instantaneous on the experiment timescale. In ad-
dition, the ring-opening/closure (Cc–B equilibrium) usually
occurs on the sub-second timescale in water and there is no
evidence for this to be different in these solvent mixtures.
This trend of the observed rate can only be explained if the
cis–trans isomerization is slower in ethanol than in water.
This could be due to a higher dipole moment of trans-chal-
cone, associated with a stronger stabilization of this form
relative to the cis isomer, upon increasing the water content
of the mixture. However, because the thermal equilibrium
leads to quantitative formation of the trans isomer, for the
whole range of water concentrations studied, there is no ad-
ditional evidence to support this preferential stabilization of
the trans form by the increase in the polarity of the
medium. On the other hand, taking into account that the
twisted intermediary state for a cis–trans isomerization in-
volving an asymmetrically substituted olefin should be of
zwitterionic type,[33,34] the respective process should be much
more favored in polar solvents like water, as has been found
in the case of asymmetrically substituted azobenzenes.[34]

Photochemistry : Figure 5 shows the photochemical behavior
of compound 1 at room temperature in ethanol/water 80:20
(v/v) and in absolute ethanol. Irradiation of trans-chalcone
gives rise to the formation of Cc in fast equilibrium with B.
In both cases, a photostationary state is reached, due to the
thermal reaction as well as to the photoreactivity of the Cc
species. The photochemical conversion of Ct into Cc is
larger in absolute ethanol, and the respective quantum yield
is also higher (see Figure 5 and Table 2).
Table 2 shows that the quantum yield of Ct photoisomeri-

zation decreases with increasing water content. The percent-
age of trans isomer at the photostationary state follows the
inverse trend. These results clearly point to a polarity effect
on the stabilization of the trans-chalcone form relative to
the cis-chalcone form. With the increase in polarity, the ini-
tial state (trans-chalcone) is stabilized relative to the final
state (cis-chalcone) and the trans–cis photoconversion is
consequently reduced. This interpretation is in agreement
with the predictions of molecular orbital calculations
(Figure 6) for the relative energies and dipole moments of
the cis- and trans-chalcones in the first singlet excited state.
However, the predictions for the ground state contradict

the observed increase of the cis–trans thermal-isomerization

Figure 4. Observed rate constants of Ct as a function of the percentage of
water in the solvent mixture.
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rate with the increase in polarity. Because in the ground
state, the cis isomer is predicted to have a higher energy and
dipole moment, it is expected that an increase in polarity
would stabilize the cis isomer and decrease the rate of cis–
trans interconversion, the opposite of the observed behavior.
A way to reconcile the contradictory results can be envis-
aged if the polarity effect in the ground state is strictly ki-
netic, that is, if the main effect on the rate constants origi-
nates from the stabilization of the intermediary twisted
state. The twisted intermediary state is known to have a
zwitterionic nature in the case of isomerizations of asym-
metrically substituted double bonds containing conjugated
electron acceptor and donor groups that can participate in a

push–pull mechanism, like in the case of push–pull azoben-
zenes.[34] Such is also the case of the 9-hydroxychalcones re-
sulting from the ring opening of flavylium salts, which
always contain an electron-withdrawing carbonyl group at
position 2 and an electron-donating hydroxyl group in posi-
tion 9 (see Scheme 1), conjugated through the phenyl ring
and the isomerizing double bond. The zwitterionic interme-
diary state is expected to be strongly stabilized with the in-
crease of the water concentration of the mixture.
In summary, the results from the photoisomerization

study point to the existence of a small barrier in the first ex-
cited state and consequent control of the extent of the pho-
toisomerization by the relative energy of the two isomers. In
contrast, there is a large barrier in the ground state, and the
isomerization rate would be controlled by the energy of the
zwitterionic intermediate.

Conclusion

One consequence of this work is to point out that less water
in the system, that is, inclusion of flavylium salts in a more
or less organic environment, leads to a more efficient hydra-
tion step. This has important implications on the models de-
veloped so far to explain the copigmentation mechanism in
plants. In fact, because lowering of the dielectric constant of
the medium surrounding the flavylium cation results in a
loss of color (owing to speeding up the hydration reaction,
probably due to the loss in stability of the charged species
relative to the neutral species), a competitive stabilizing
effect must be present in the copigmentation interaction to
explain the observed color stability in nature. Recently, the
presence of charge-transfer interactions between organic co-
pigments and flavylium salts has been proposed to partici-
pate in the mechanism in copigmentation,[35] and it would be

Figure 5. Spectral modifications upon irradiation at l=313 nm of 1 at
room temperature in a) ethanol/water 80:20 (v/v) and b) in absolute etha-
nol.

Table 2. Quantum yield for the trans–cis photoisomerization (ftc) and
the percentage of trans-chalcone in the final photostationary state (PSS).

Water% % trans-chalcone in PSS ftc

0 0.30 0.071
5 0.46 0.050
10 0.52 0.032
20 0.61 0.023
35 0.68 0.010
50 0.72 0.008
60 0.66 0.006

Figure 6. Calculated heats of formation (DHf) and dipole moments (m) of
the ground and first singlet excited states of the cis and trans isomers of
9-hydroxy-4’-iodo-8-methoxychalcone.
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worth looking into the effect of different media on these in-
teractions.
On the other hand, less water in the system clearly in-

creases the barrier for trans–cis isomerization of the chal-
cones in the ground state, a result expected from the pre-
dictable effect of the solvent polarity on the stability of the
zwitterionic twisted intermediary state; an identical effect
was observed for the cis–trans isomerization of push–pull
azobenzenes.[34] In the case of the 4’-iodo-8-methoxyflavyli-
um salt (1) studied here, it seems clear from the solvent
effect on the trans–cis photoisomerization quantum yield
that the excited-state potential-energy curve connecting the
two isomers is significantly affected. If equilibrium between
the two isomer populations is attained in the excited state, it
is reasonable to assume that the ratio of the isomer concen-
trations in the excited state ([cis*]/ACHTUNGTRENNUNG[trans*]) will be related
to their relative stability. In this case, the solvent effect will
be greater in the isomer with the higher dipole moment,
usually the trans isomer, due to its more extended confor-
mation. The increase in solvent polarity will tend to lower
the trans–cis photoisomerization quantum yield because it
will shift the excited-state equilibrium towards the more
stable form, namely, trans-chalcone.
A final remark relates to future applications of these com-

pounds supported in different media (e.g., polymer hydro-
gels)[36] in which water concentration can be controlled. Less
water in the system clearly increases the barrier for trans–cis
isomerization of the chalcones in the ground state whereas
it destabilizes the trans form in the excited state. Both of
these changes are desirable improvements in the properties
of these compounds with respect to applications in the field
of photochemical memories, because it increases both the
ground-state trans-chalcone metastability at acidic pH
values and the photochemical quantum yield for the trans–
cis photoisomerization.
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