
DOI: 10.1002/chem.200902427

A Micellar Multitasking Device: Sensing pH Windows and Gauging the
Lipophilicity of Drugs with Fluorescent Signals

Franck Denat,[b] Yuri Antonio Diaz-Fernandez,[a] Luca Pasotti,[a] Nicolas Sok,[b] and
Piersandro Pallavicini*[a]

Introduction

Molecular fluorescent sensors generally monitor a single pa-
rameter, typically cation or anion concentration or bulk
values such as pH.[1] Few examples have been proposed of
molecular sensors capable of sensing multiple species[2] or of
answering with multiple outputs.[3] The concept of a “lab-on-

a-molecule” has been put forward for this kind of multitask-
ing sensing molecules.[4] Supramolecular micellar sensors are
particularly promising in this perspective, because they
allow the facile self-assembling of multiple lipophilic molec-
ular components inside a nanoscaled container, the micelle,
in which interactions are dramatically promoted with respect
to bulk water.[5] As an example of the potential of supra-
molecular micellar sensors, the complex “off–on–off”
window response for fluorescent pH sensing[6] has been ob-
tained by self-assembling in the same micelle three different
molecular components.[7]

It has to be stressed that water-soluble, easy-to-prepare
sensors for pH windows are intensely sought-after systems,
because most biological processes proceed only within re-
stricted pH ranges, and the cell metabolism of anomalous
entities (e.g., tumours[8] or bacterial biofilms[9]) results in a
change of the local pH from its normal, physiological value
(usually pH 7.4). Noticeably, most of the few reported exam-
ples show an “off–on–off” response,[10] whereas the reversed
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one, that is, “on–off–on” response appears to be even more
difficult to obtain.[11] On the other hand, the latter should be
the most useful response type from the perspective of moni-
toring biotechnological processes or in imaging anomalous
cell tissues because it would generate a fluorescence signal
(instead of a less easy-to-read decrease) when the pH is
drifting out of the normal, or chosen, interval.

Micelles act not just as mere containers because they
have a hydrophobic core and a hydrophilic external layer,
and some parameters display a centre-to-periphery gradient.
In this regard, it must be mentioned that recently a multi-
plexing sensing system has been proposed for mapping
proton concentration and micropolarity in micelles.[12] More-
over, the water–micelle interface mimics a cell membrane
and it discriminates the penetration of external molecules
on the basis of their lipophilicity.

We have recently described a micellar fluorescent gauge
for fatty acids[13] that measures lipophilicity with a decrease
in a fluorescent signal. The importance of such a gauge can
be stressed by considering that the ability of a molecular
drug to dissolve in physiological solutions and to cross natu-
ral lipid membranes, which is implicit in drug delivery and
pharmacokinetics is a function of its lipophilicity.[14] More-
over, in the expanding area of
polymeric micelles that are
used as nanocarriers for phar-
macological therapies[15] the
same physicochemical property
is a fundamental parameter in
controlling the micelle compati-
bility with a drug and its load
capacity. Lipophilicity also
plays a major role in regulating
the penetration of a liposome
membrane in the strictly related
field of liposomal drug deliv-
ery.[16] However, the most
common parameter for evaluat-
ing the lipophilicity of a molec-
ular drug is still its log P value,
that is, its logarithmic partition
coefficient. The parameter P is
defined as the ratio of the con-
centration of a compound in
the lipid phase to its concentra-
tion in the aqueous phase. In
pharmaceutical sciences n-octa-
nol is the standard lipid phase,
and the log P determination relies on shake-flask or HPLC
methods.[17] It should also be considered that many drugs
contain acid or basic moieties and evidently have to be used
under physiological conditions, that is, in the pH 6.8–7.4 in-
terval, at which they can be ionised. In some cases, the use
of log D7.4 has been proposed as an alternative to logP ;
logD7.4 is the ratio of the concentration of the non-ionised
compound in the lipid phase (n-octanol) to the concentra-
tion of all species in the aqueous phase at pH 7.4. A rough

approximation is commonly employed to calculate logD7.4

from logP : the ionised species are assumed to be not solu-
ble in the lipid phase and to remain in water, and the rela-
tion logD7.4 = log P+ log [1/(1+107.4�pKa)] holds for mono-ACHTUNGTRENNUNGprotic acids (the alternative exponent, pKa�7.4, is used for
protonable monobases; pKa refers to the acidic species in
water).[18] Recently, instrumental methods (reversed-phase
HPLC) for direct evaluation of logD7.4 have been proposed,
in which retention times are proportional to logD7.4 and cor-
relate with logP.[19]

We now demonstrate that by choosing the molecular com-
ponents appropriately, a multitasking micellar device can be
obtained by self-assembling two molecular components in
the same micellar container and by exploiting the properties
of the container–water interface. The device is capable of
carrying out both of the two described, different, nontrivial
sensing activities, although of course not simultaneously:
1) it signals pH windows with the rare “well-like” (“on–off–
on”) fluorescent response and 2) it is capable of measuring
the lipophilicity both of simple molecules (fatty acids) and
of an important class of drugs (NSAIDs)[20] directly at the
physiological pH value 7.4, by means of an easy-to-read
switch-on (“off–on” response) of the fluorescent signal.

Results and Discussion

The components of the micellar multitasking device :
NSAIDs all have aromatic rings in their structures and dis-
play intense absorptions in the 320–400 nm range (e.g.,
Figure 1, black dash-dot-dot line, tol absorption). In the per-
spective of working with this class of drugs, we chose Cou-
marin 343 as a fluorophore because it features a pH-depen-
dent coordinating function, COOH, and it absorbs in the
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400–500 nm range, which does not interfere with NSAIDs
absorption.

By using the non-ionic Triton X-100 (TX-100) surfactant
at 0.01 m concentration, we carried out coupled spectropho-
tometric and pH-metric titrations on micellised Coumar-
in 343 (8� 10�7

m concentration; the solution was also 0.05 m

NaNO3, as an ionic strength buffer). The carboxylic acid
(C343H) and the carboxylate form (C343�) display shifted
absorption bands (Figure 1 grey dotted and dashed lines, re-
spectively), with an isosbestic point at 430 nm. On exciting
at 430 nm, the observed emission is also pH-dependent, as
can be seen in Figure 1 (black dotted line=C343H, black
dashed line=C343�), with an isosbestic point at 484 nm.
This is in agreement with that reported for C343H in bulk
water in which pKa = 4.65 was calculated.[21] By fitting ab-
sorbance versus pH data we found pKa = 5.68 in TX-100,
which is in agreement with the decreased tendency of mi-
celle-included carboxylic acids to become deprotonated.[13]

The pKa of Coumarin 343 was also determined under differ-
ent fluorophore/TX-100 ratios both by spectrophotometric
and fluorimetric pH titrations, and values of 4.94 (5 � 10�4

m

TX-100), 5.40 (3 � 10�3
m TX-100), 5.68 (1� 10�2

m TX-100)
and 5.76 (2� 10�2

m TX-100) were obtained. The observed
protonation and deprotonation constants of acid/base spe-
cies in surfactant solutions change on variation of the mi-
celle/species molar ratio if the species distributes between
bulk water and micelles. In particular, at high micelle/spe-
cies molar ratios, full inclusion is obtained, and the observed
pKa reaches its limiting value.[22] A plot of pKa versus TX-
100 concentration (Supporting Information Figure S2) clear-
ly shows a plateau-like trend at M ACHTUNGTRENNUNG(TX-100)�1�10�2

m ; this
indicates that at our working TX-100 concentration, Cou-
marin 343 is prevalently included in micelles with respect to
bulk water.

To complete our micellar device, we used the Cu2+ com-
plex of a N-dodecylated trimethylcyclen (DTMC). This is a

complex with one available apical coordination site; in this
position Cu2+ forms stable complexes with carboxylate li-
gands and is expected to quench the fluorescence of coordi-
nated fluorophores, because it is a d9 cation.[23] Its absorp-
tion band (pH 7.4) is also shown in Figure 1 (black solid
line). It can be seen that both the NSAID and [Cu ACHTUNGTRENNUNG(dtmc)]2+

spectra do not superimpose significantly to the C343H/
C343� absorption (in particular to the isosbestic point,
430 nm) or emission.

We investigated spectrophotometrically the solution be-
haviour of the [Cu ACHTUNGTRENNUNG(dtmc)]2+ complex in the 3–11 pH range
in TX-100 micelles (complex 5 � 10�4

m ; TX-100, 0.01 m ;
NaNO3, 0.05 m). In the acidic side of the range (pH 3) the
complex does not demetallate, that is, it is kinetically inert,
as expected for macrocyclic complexes, at least on the time-
scale of the experiment (<3 % absorbance variation in
60 min). For 3<pH<7 we found lmax =605 nm (e=260 m

�1 cm�1). We also observed a blue shift in the absorption
band at pH>7.5, with lmax changing to 609 nm (e=275 m

�1 cm�1; see also the Supporting Information Figure S9). This
is consistent with a square pyramidal coordination of Cu2+

that is completed by an apical water molecule that deproto-
nates to give an apically coordinated hydroxide complex, as
summarised by Equation (1).[24]

½CuðdtmcÞðH2OÞ�2þ Ð ½CuðdtmcÞðOHÞ�þ þHþ ð1Þ

By means of potentiometric titrations we found pKa =

7.41 ACHTUNGTRENNUNG(�0.05) for the coordinated water molecule. When the
same experiments were carried out in water, the pKa is
7.65 ACHTUNGTRENNUNG(�0.04). The similarity of the two values is not surpris-
ing due to the positioning of the Cu–cyclen charged moiety
in the more hydrated external layer of the micelle.[25] As a
control, the prevalent distribution of the copper complex
inside micelles with respect to bulk water was checked by
ultrafiltration. In an ultrafiltration experiment, the micelles
and their content are rejected from the membrane and
remain in the retentate phase, whereas small molecules and
electrolytes cross the membrane. When a species is distribut-
ed only in part inside the micelles and the ultrafiltration is
carried out on a micellar solution, it is expected that the
species is found in the permeate at a concentration approxi-
mately equal to that it has in the bulk (i.e. , outside micelles)
of the micellar solution.[26] In our case, a negligible quantity
of complex was found in the permeate. Starting from 50 mL
of 1.5 � 10�4

m [Cu ACHTUNGTRENNUNG(dtmc)]2+ at pH 7.4, after ultrafiltration
we obtained 25 mL of permeate and 25 mL retentate with
concentrations of 1.81 � 10�5

m and 2.61 �10�4
m respectively.

Task 1—sensing pH window with an “on–off–on” response :
We assembled the multitask sensing system by co-micellising
Coumarin 343 and [Cu ACHTUNGTRENNUNG(dtmc)]2+ in TX-100 micelles. We
used 1.5 � 10�4

m copper complex, 8 � 10�7
m Coumarin 343,

0.01 m TX-100 and 0.05 m NaNO3. The chosen surfactant has
a cmc of 2 � 10�4 (cmc=critical micelle concentration).[27]

Assuming that the aggregation number is 140,[28] each mi-
celle contains an average of about two copper complexes

Figure 1. Absorption and emission spectra of relevant species in Tri-
ton X-100 solution. Black dash-dot-dot line: tol absorption (pH 7.4);
black solid line: Cu2+ complex of DTMC (pH 7.4); grey dashed line: ab-
sorption of C343� (pH 7.4); grey dotted line: absorption of C343H
(pH 3.2); black dashed line: emission of C343� (pH 7.4); black dotted
line: of C343H (pH 3.2).
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and �0.01 Coumarin 343 molecules. The low fluorophore
concentration has been chosen both to minimise the proba-
bility of having two fluorophores per micelle (thus ruling
out excimer emissions) and to avoid instrumental saturation
when measuring emission spectra. Although it is known that
added salts in bulk water and the addition of lipophilic spe-
cies solubilised in the micellar core might modify the dimen-
sions of micelles made of non-ionic surfactants,[29] this con-
centration of added Cu2+ complex and NaNO3 salt is not ex-
pected to exert significant effects. TX-100 micelles are nano-
dimensioned oblate ellipsoids with ra =2.8 nm and rb =

5.9 nm;[13] in our previous work we have shown this to be
not significantly modified by the addition of comparable
concentrations (2� 10�4

m in 0.01 m TX-100) of the Zn2+

complex of the DTMC ligand and by 0.05 m NaNO3.
[13]

Addition of excess acid and titration with standard base
allowed us to collect coupled fluorescence spectra and pH
data. We read emission at 485 nm (isosbestic point in the ab-
sence of the Cu2+ complex) and plotted the percent fluores-
cence intensity (%If) values versus pH (100 % If is assigned
to C343H emission at pH 2.3). The profile is shown in
Figure 2 (top; triangles). The data show a well-shaped (or
reverse dumb-bell) profile, that is, a window response of the
“on–off–on” type. At low pH values coumarin is in the
C343H form and not coordinated to Cu2+ : fluorescence is
on (Figure 2, A). At intermediate pH values C343� is
formed, which interacts with the copper complex in its
apical position by substituting the coordinated water mole-

cule. The [Cu ACHTUNGTRENNUNG(dtmc) ACHTUNGTRENNUNG(C343)]+ complex is formed according
to Equation (2), and fluorescence goes off (Figure 2, B).
When the pH is raised to basic values, the [Cu ACHTUNGTRENNUNG(dtmc)(OH)]+

complex is formed. OH� displaces C343� from the Cu2+

centre according to Equation (3), and If goes on again
(Figure 2, C).[30] By using the pKa of C343H and of [Cu-ACHTUNGTRENNUNG(dtmc)ACHTUNGTRENNUNG(H2O)]2+ we were able to fit If versus pH experimen-
tal data, to obtain log K=4.8 ACHTUNGTRENNUNG(�0.1) for Equation (2).

½CuðdtmcÞðH2OÞ�2þ þ C343� Ð ½CuðdtmcÞðC343Þ�þ þH2O

ð2Þ

½CuðdtmcÞðC343Þ�þ þOH� Ð ½CuðdtmcÞðOHÞ�þ þ C343�

ð3Þ

The distribution diagram of the species containing Cou-
marin 343 is drawn in Figure 2 (top, solid lines). A perfect
superimposition of the % If versus pH profile is observed in
correspondence of the formation of [Cu ACHTUNGTRENNUNG(dtmc) ACHTUNGTRENNUNG(C343)]+ . For
comparison % If versus pH is also shown (Figure 2 top, cir-
cles) for C343H/C343� in TX-100 in the absence of the Cu2+

complex. We should stress that the physiological pH range
(6.8–7.4) corresponds to the bottom of the fluorescence well
and that this is the perfect condition for controlling an
anomalous drifting from this interval, as it would be signal-
led by an easy-to-visualise fluorescence reviving.

Task 2—gauging lipophilicity : In an even larger pH interval
(6–8), the micellar device also
carries out its second function,
that is, it behaves as a lipophi-
licity gauge. As already men-
tioned, 6.8–7.4 is considered to
be the physiological pH inter-
val, and 7.4 is the “physiological
pH value” par excellence. In
some cases lipophilicity is eval-
uated in pharmacology by
measuring the water/n-octanol
distribution of a given molecule
at this pH,[31] so it has been
chosen as our working value.
What we expected is illustrated
in Figure 3: at pH 7.4, CH3-ACHTUNGTRENNUNG(CH2)nCOOH and NSAIDs are
100 % in their carboxylate form
(see also Table S1 in the Sup-
porting Information) and like
any RCOO� molecule, they can
distribute between bulk water
and the micellar containers pro-
portionally to their lipophilicity.
If poorly lipophilic, they will
not enter the micellar space,
leaving If unvaried (Figure 3,
top). On the other hand, when
sufficiently lipophilic, by enter-

Figure 2. Top: Solid lines: distribution of the species containing Coumarin 343, as a function of pH, expressed
as %concentration with respect to the total Coumarin concentration (C343�+ C343H), calculated for 1.5 �
10�4

m copper complex, and 8� 10�7
m Coumarin 343; white circles: % emission (484 nm) of Coumarine 343

versus pH in TX-100 micelles; grey triangles: same, in the presence of the Cu2+ complex of DTMC. Bottom:
working scheme of the micellar device behaving as “on–off–on” sensor for pH windows; the pH value increas-
es on moving from form A to form B and C; form B is at >80% for pH 6–8, as can be read in the top part of
the figure.
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ing the micellar space they will compete with C343� for
apical coordination to Cu2+ ; this promotes the displacement
of C343� and its fluorescence reviving (Figure 3, bottom).
The intensity of the fluorescence reviving, DIf, is thus direct-
ly proportional to the lipophilicity of RCOO�. As a control,
we first measured the lipophilicity of the CH3ACHTUNGTRENNUNG(CH2)nCOOH
series (n=0–16) by addition of excess of the chosen fatty

acid to the sensing system buffered at pH 7.4 (HEPES
buffer, 0.05 m); we found that If increases with increasing
acid concentration. The entity of the increase is a function
of the chain length (Figure S5 in the Supporting Informa-
tion). At a given acid concentration (we choose 5 � 10�4

m)
DIf % can be calculated by assigning If = 100 to the starting
situation (no acid added). The DIf % values were plotted as
a function of n (i.e., chain length) to obtain a profile that
was in perfect agreement with what we have already report-
ed for the lipophilicity of fatty acids[13] (see Supporting In-
formation, Figure S6). In brief, for 0<n<3 DIf %=0 be-
cause the chain is too short, and carboxylates are so poorly
lipophilic that they remain 100 % in bulk water. For 4<n<
9, DIf % increases with n, as the fatty acids carboxylates dis-
tribute between bulk water and micelles. For n�10, DIf %
reaches a limiting value: all CH3ACHTUNGTRENNUNG(CH2)nCOO� molecules are
lipophilic enough to distribute fully inside micelles.[32]

We then applied our sensing system to the NSAIDs series,
by adding to the buffered solution of the micellar sensor
(pH 7.4, 0.05 m Hepes) up to a fivefold excess of the chosen
molecule. The If % versus NSAID molar concentration pro-
files are displayed in Figure 4 (top). The If % variation ob-
served with three reference fatty acids, CH3ACHTUNGTRENNUNG(CH2)5COOH,
CH3 ACHTUNGTRENNUNG(CH2)7COOH and CH3ACHTUNGTRENNUNG(CH2)9COOH is also reported in
the Figure for comparison. For NSAIDs the fluorescence in-
crease can be defined at any concentration as DIf % by as-
signing If =100 to the value read with no added drugs. In the
case of NSAIDs there is no evident structural feature like
the chain length in the fatty acids series to be put in relation
with the observed DIf %. However, the reliability of DIf %
values as a direct evaluation of NSAIDs lipophilicity can be
demonstrated by comparing DIf % with two series of values.
One is the log P of NSAIDs, that is, the water/n-octanol par-
tition coefficient, the values of which can be collected from
literature.[33] The DIf % versus log P plot in Figure 4 (bottom,
grey triangles) displays a sharp correlation. The second
series of values is the DpKa values of the carboxylic acid
function of NSAIDs, that is, the difference between the pKa

determined in micelle and the pKa obtained in water. It has
been shown[13] that for fatty acids, DpKa is directly propor-
tional to the degree of inclusion in TX-100 micelles (an
effect connected to the well-known modification of local
acid–base properties due to the poor solvation inside mi-
celles of non-ionic surfactants[34]). We determined the disso-
ciation constants of NSAIDs in TX-100 by means of poten-
tiometric titrations (solutions were 0.05 m in NaNO3, 0.01 m

in Triton X-100 and 0.001 m with the chosen NSAID), and
then we calculated the DpKa by using the pKa values that
were determined in water, which were taken from the litera-
ture.[35] Also in this case, Figure 4 (bottom, white triangles)
shows a sharp correlation between DIf % and DpKa . The
DpKa values found by us for NSAIDs are in the 1.0–1.6
range (see Supporting Information) that is the same range
that was found for medium-chain fatty acids (e.g., octaonic–
decanoic) by comparing data obtained in TX-100[13] and
those reported in water.[31] It has been shown that addition
of salts to TX-100 solutions increases the hydration of the

Figure 3. Rationale behind the use of our micellar device as a fluorescent
gauge for lipophilicity. Top: poorly lipophilic molecules remain in water;
they do not compete with C343� for the coordination to Cu2+ and leave
the fluorescence unvaried (i.e., “off”). Bottom: more lipophilic molecules
distribute between water and micelles, displacing C343� from Cu2+ when
entering the micellar core, with fluorescence reviving. The intensity of
fluorescence increase is proportional to the molecule�s lipophilicity.
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polyethyleneoxide layer of the micelles.[36] In our case, and
in the already-examined case of fatty acids,[13] the significant
but not dramatic difference of the pKa values between TX-
100 and water might be due to the increased hydration ex-
pected with the 0.05 m NaNO3 concentration that was used
in the titration experiments.

Conclusions

In summary, we have demonstrated that our micellar multi-
component molecular system is able to carry out multiple
tasks, that is, to signal with a fluorescence reviving if the pH
is drifting out of a sharp window (that includes the physio-
logical pH interval) and, inside this window, to measure
with a fluorescence “off–on” modality the lipophilicity of
carboxylate-containing molecules, including the widespread
drug family of NSAIDs. It can be envisaged that this micel-
lar device can be modified by changing both the metal com-
plex and the fluorophore to be tailored for measuring the

lipophilicity of other families of drugs or biomedically inter-
esting molecules, and/or to shift the position of the “off”
window on a different interval of the pH axis. Moreover, it
can be foreseen that changing the container to polymeric-
type micelles, as used in drug delivery, would allow this ap-
proach to be used for in vivo pH monitoring and for the
evaluation of the micellar load capacity by means of a
simple fluorescent signal. Studies are currently carried out
in our laboratories in these directions.

Experimental Section

Materials : Triton X-100 (TX-100; tert-octylphenoxypoly(oxyethylene
glycol) with an average of 9–10 oxyethylene units) was purchased from
Caledon (average molecular weight: MW =647). Fatty acids, NSAIDS,
anhydrous Cu ACHTUNGTRENNUNG(CF2SO3)2, Coumarin 343 were purchased from Sigma–Al-
drich and used as received. DTMC was prepared as already described.[13]

The [Cu ACHTUNGTRENNUNG(dtmc)]2+ complex was obtained as a solution: DTMC (150 mg,
0.392 mmol) was dissolved in tert-butanol (10 mL) in a 25 mL flask, to
which Cu ACHTUNGTRENNUNG(CF3SO3)2 (141 mg, 0.392 mmol) was added. The violet solution
was refluxed for 90 min, after which the product was obtained as a waxy
violet solid after solvent removal with a rotary evaporator. The complex
was redissolved in pure tert-butanol (10.0 mL) to obtain a 3.92 � 10�2

m so-
lution that was used as such for preparing diluted solutions in H2O. ESI-
MS: m/z : 222, 223 [M2+/2].

Potentiometric titrations for the determination of the pKa of NSAIDs in
micellar solution : A 0.001 m solution (25 mL) of the chosen acid was pre-
pared in a aqueous solution of both 0.05 m NaNO3 and 0.01 m Triton X-
100. The solution was placed in the cell of the automatic titrating system,
thermostatted at 25 8C and kept under a N2 atmosphere. Excess acid
(100 mL of 1.00 m standard HNO3) was added, and the acidic solution was
titrated automatically with portions (20 mL) of 0.200 m standard NaOH.
The results were obtained as E (potential in mV at the glass electrode)
versus volume of added base (in mL) and the protonation constants were
calculated with the Hyperquad package.[37] Before titrations, the cell E8
values for the hydrogen glass electrode were determined by using the
Gran method.[38] The same conditions were used to determine the pKa of
deprotonation of the water molecule coordinated to [Cu ACHTUNGTRENNUNG(dtmc)]2+ ,
except that the complex was 5 � 10�4

m in 0.01 m Triton X-100 or in water
(in both cases solutions were also 0.05 m in NaNO3).

Coupled fluorimetric–pHmetric titrations : a) On–off–on emission behav-
iour: an aqueous solution (20 mL) was prepared containing 0.05 m

NaNO3, 0.01 m TX-100, 1.5� 10�4
m copper complex and 8� 10�7

m Cou-
marin 343. The solution was placed in a thermostatted cell at 25 8C and
kept under a N2 atmosphere. A standard solution of 1.00 m HNO3

(100 mL) was added, and the acidic solution was titrated with portions of
standard 0.100 m NaOH (20 mL), whilst the pH was monitored by using a
double-electrode pH meter. After each addition of base, the pH of the
solution was allowed to stabilise, then a portion (3 mL) was withdrawn
and placed in a quartz cell to record the emission fluorescence spectrum,
after which the sample was returned to the bulk solution. b) Control ex-
periment on Coumarin 343: the same conditions were used, except that
the [Cu ACHTUNGTRENNUNG(dtmc)]2+ complex was not added.

Competition titrations : Aqueous solutions (0.01–0.005 m) of the chosen
fatty acid or NSAID and 0.01 m Triton X-100 were prepared, and the pH
was adjusted to 7.4 by the addition of standard NaOH. This solution was
used to titrate an aqueous solution (10 mL) containing HEPES (0.05 m,
pH 7.4), Triton X-100 (0.01 m), [CuACHTUNGTRENNUNG(dtmc)]2+ (1.5 � 10�4

m, by addition of
230 mL of the stock solution in H2O) and Coumarin 343 (8 � 10�7

m). The
solutions were thermostatted at 25 8C and kept under a N2 atmosphere.
The chosen acid or NSAID was added in portions of 20–100 mL, up to a
total concentration of 2� 10�3

m (fatty acids and NSAIDs). After each ad-
dition, a portion (3 mL) of the titrated solution was transferred to a
quartz cuvette to measure the fluorescence emission spectrum, after
which it was returned the bulk titrated solution.

Figure 4. Top: If percentual variation at 484 nm as a function of the con-
centration of added NSAID (grey and white circles and lines). The
NSAID to which is referred each profile is indicated on the plot. The
If % variation of three fatty acids (small grey triangles with black lines) is
also reported for comparison. The dashed arrow indicate the chosen con-
centration at which If % values were taken to calculated the DIf % values
used to draw the bottom part of the figure. Bottom: grey triangles: log P
values (left axis) and DIf % values for NSAIDs; the dashed line is the
linear regression (r2 =0.96). Log P values are taken from ref. [33a] (tol,
ibu, dic) and ref [33b] (nap, flur, mef, fluf). White triangles: DpKa and
DIf % for NSAIDs (r2 =0.86, dashed line= linear regression). The perti-
nent NSAID is indicated on the plot.
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