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Abstract

The absorption and fluorescence spectral features of a dioxin-like compound, 2-dibenzofuranol (DBFOH), have been studied in aqueous
and non-aqueous media and in the presence of cyclodextrins (CDs). The fluorescence of DBFOH is structured in cyclohexane and shifts
towards red when the polarity of the solvent is increased. Ksdpthe ground and first electronic excited states &re §.95 and K" = 1.5,
as calculated by thedfster cycle from the absorptometric and fluorimetric data. DBFOH forms inclusion complexe@ aitdfry-CDs but
not with a-CD, the spectral behavior being dependent on the type of macro@y€l®. enhances the emission of DBFOH by forming a 1:1
complex, whereas the-CD forms 1:1 and 2:1 stoichiometries, (DBFQH)-CD, as deduced from absorption, fluorescence,*&hbIMR
experiments. No excimer emission is perceived, unlike the case of dibenzofuran (DBF) and 2-dibenzofurancarboxylic g¢@Dwithe
complexation does not modify the excited-state reactivity of DBFOH, in contrast to other condensed aromatic alcohols. The binding constants
have been obtained from the emission spectra by multivariable non-linear regression analysis at several wavelengths and, from the dependenc
on the temperature, the thermodynamic parameters of the binding, enthalpy and entropy, have been deduced. The effect of the hydroxyl group
on the stability and on the proton transfer in the excited state of DBFOH is compared to the non-substituted DBF and the corresponding
carboxylate derivative (DBFC). The similarities between the enthalpies indicate that the complex formation is governed by the inclusion of
the aromatic part in the cavity, the functional group having a negligible effect on the binding.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction In the case of fluorescent guests, the inclusion can affect
the ground and/or excited states of the fluorophore, produc-
Cyclodextrins (CDs) are cyclic oligosaccharides built up ing remarkable modifications in the spectral properties of the
from a-p-glucopyranose residues linked &y1,4 glycosidic substrate upon inclusion. Fluorescence enhancement is the
bonds, the most common being those formed by six, sevenmost common situation, ascribed to factors such as the pro-
or eight glucose unitsef, 3, andy-CD, respectively). This  tection against collisional quenching, changes in the polarity
family of macrocycles display a torus-like shape, with a hy- of the microenvironment or an increase in the rigidity of the
drophobic cavity and two hydrophilic rims in which the pri- guest, amongst othef3]. The opposite effect (quenching of
mary and secondary OH groups are inserted. The main featurdluorescence), although less common, has also been observed
that makes CDs of interest is their capacity to form inclusion for inclusion complexes, for example in the case of certain
complexes with a variety of guest molecules in solution or in heterocycles, such as acridifd¢ and phenazingb], or some
solid phasgl], a property that yields many interesting appli- naphtalene derivatives, such as 2-acetylnaphtd&nig and
cations that have been extensively described in the literaturepyrene[8,9].
[2]. In addition to the changes in the spectral properties of
the guest upon the inclusion, its photochemistry can also be
* Corresponding author. Tel.: +34 948 425600x6315; fax: +34 948 425649, Modified [10]. Thus, the CD behaves as a protective cas-
E-mail addressgaitano@unav.es (G. Gaiez-Gaitano). ing for the fluorophore against photobleaching or side re-
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actions or, on the contrary, it can act as a catalyst, induc- Elmer LS-50B spectrofluorimeter. The excitation wavelength
ing excimer formation[11,12] The reactivity in the ex-  ineach case corresponded to thexin the absorption spec-
cited state, e.g. proton transfer, can also be altered in thetrum atits longest wavelength. The scan rate was 300 nm/min,
presence of CD due to interactions of a protonable group and the excitation and emission slits fixed at a spectral band-
with the edges of the cavity as in the case of 2-naphtol, pass of 6.0 and 2.5nm, respectively. 1.000 cm-pathlength
for example[13—-15] The CDs have also proven to restrict or 0.400 cm-pathlength quartz cells were employed both
the twisting of functional groups in molecules that display in absorption and fluorescence measurements, keeping
twisted intramolecular charge transfer (TICT), for exam- constant the temperature with an external heated circulating
ple 4-N,N-dimethylaminocinnamic acifL6] or 2-(4-N,N- bath (25.0t 0.1°C for the absorption spectra and 15, 25, 35
dimethylaminophenyl) benzimidazd&7]. and 45 4+ 0.1°C for the fluorescence measurements).

In previous works we have investigated the spectral prop-  In the experiments with CDs, the DBFOH concentra-
erties and photophysics of some dioxin-like compounds, tion was fixed in 3.63 10~2M for UV measurements. For
dibenzofuran (DBF) and 2-dibenzofuran carboxylic acid fluorescence, it was 5410°®M for - and B-CD, and
(DBFCA) and its inclusion within natural CD48,19] In 2.71x 10~° M for y-CD. The concentration of DBFOH was
DBF, some important differences with respect to nitrogen always kept within the interval of linearity in all the cases.
containing heterocycles in the stoichiometries and binding The ratio CD/DBFOH was varied by direct titration in the
constants were found, especially withCD, andy-CD. The cell with a stock solution containing DBFOH + CD.
latter CD was also found to induce excimer emission by  'H NMR spectra were recorded at 300K in a Bruker
complexes of 2:2 stoichiometry at higitCD/DBF ratios. Avance 400 Ultrashield spectrometer (9.36 T) by averaging
In DBFCA, the emission is very sensitive to the pH and to 600 scans. The assignation of the resonances of the DBFOH
the type of CD used, yielding also stoichiometries different has been done with the aid of the 1D and COSY spectra
from 1:1in the case of the-CD. In addition, 2D ROESY ex-  and the simulation of spin subsystems with MestRe-C soft-
periments combined with molecular dynamics calculations ware [21]. The solutions were prepared in,O (Aldrich,
proved that the carboxylate group of the ionized DBFCA 99.9% minimum in D) by adding solutions af, 3- andvy-
(DBFC) is located at the narrower edge of g«€D [20]. CD to vials containing weighed amounts of DBFOH. The Job

In this framework, we have carried out an investigation method has been used in order to ascertain the stoichiome-
with 2-hydroxydibenzofuran (DBFOH), a heterocycle capa- try of the complex in the case of theCD, by mixing stock
ble of giving proton transfer in the excited state. The electron solutions of DBFOH ang-CD [22].
donor group-OH produces a different behavior with respect
to the—COOH group in DBFCA. Our research has been fo-
cused in the study of the spectral features and photophysics3. Results
of this molecule in water and other solvents, and in the pres-
ence of natural CDs. The effect that the complexation may 3.1. Spectral properties of DBFOH
have in the excited-state proton transfer has also been in-
vestigated. The thermodynamic parameters of the binding, The absorption spectrum of DBFOH in water, at pH 7.4,
deduced from the temperature dependence of the formationdisplays a broad long wavelength band (LW) at ca. 320 nm
constants, and the effect of th©H group on the stability  overlapped to a more intense one at 288 nm, and a sharp
have been analyzed by multivariable non-linear squares fit- peak at 252 nmHig. 1). The bands are red shifted with re-
ting and compared with those of the parent DBF, and with
DBFC.

1.0

2. Experimental

B-CD was manufactured by Roquette;CD and~vy-CD

= pH=7.4
by Wacker. The water contents determined by thermal g 4 pH=12.1
analysis were 10.6, 8.29, and 7.91%, respectively. 2- g
Hydroxydibenzofuran (DBFOH) with 98% purity was §0.4—

obtained from Aldrich, purified by precipitation in water
from an ethanol solution. The rest of reagents were used 54
as received. Cyclohexane (Panreac), ethanol (Merck), and

&

acetonitrile (Scharlau), were of spectrophotometric grade. e I -I.iyu..,
Water solutions were prepared with type I-grade water. 220 240 260 280 300 320 340 360 380
UV spectra were acquired with a HP 8452A diode A/nm

array spectrophotometer (1s integration time). Steady-state
fluorescence measurements were performed using a Perkin- Fig. 1. Absorption spectra of DBFOH as a function of pH.
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Fig. 2. Absorption spectra of DBFOH in several solvents (CH: cyclohexane; 104 @ B
MeCN: acetonitrile; EtOH: ethanol), and DBF in water. \: djﬂm
8- .
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spect to the non-substituted DBF, due to the auxochromic 0.6 ‘{
effect of the electron donerOH group Fig. 2). The shape olo ] g ¢ e e o
of the spectrum does not change substantially in organic me- * ™ 0.4 'o\.
dia, such as cyclohexane, ethanol and acetonitrile, the cyclo- 1 9 .
hexane being the solvent that yields the best resolution of 027 9 e 352nm
the vibronic structureKig. 2). The spectrum is much less 0.0 $ o 443 nm .o
structured in water and the bands are slightly blue shifted. At I . . — ‘
pHs at which ionization of the hydroxyl occurs (abeveH 0 2 4 10

10), the appearance of the absorption spectrum changes dra- ()
matically, with the LW band centered at 340 nm and two

other more intense bands at 296 and 256 nm ~®e group Fig. 3. (a) Fluorescence emission of DBFOH as a function of pH
has a h|gher tendency that©OH to donate electrons to the  (*ex=299 nm, [DBFOH] = 5.4« 1076 M); (b) normalized fluorimetric titra-

aromatic ring, which increases the conjugation oftheys-
tem with the subsequent reduction in the energy of the 0-0
transition.

The emission is strongly pH dependelfigy. 3a) and dual

tion of DBFOH at 352 and 443 nm. The solid lines are the fits to(BQ.

fluorescence can be observed, with bands at 352 and 443 nmSpectral characteristics of DBFOH in several solvents at 298 K

and two isoemissive points at 415 and 433nm, for pH
intervals 0.1-7.8, and 8.7-12.5, respectively. The emission
at basic pH, coming from the excitation of the anion, is

much less intense than the observed in acidic conditions.cyclohexane
Organic solvents, such as cyclohexane, acetonitrile and

ethanol can not accept a proton from excited DBFOH,

so the fluorescence comes from neutral DBFOH. The acetonitrile
emission at 352nm is attributed to molecular DBFOH,

whereas that at 443nm corresponds to the ionic form.

The band is more structured in cyclohexane, showing two gthanol
maxima €ig. 4). When the dielectric constant of the solvent

increases, the emission loses its structure and the Stokes

shift increases according to the general solvent efizg} Water (pH 0.1)
in the sequence cyclohexane < acetonitrile < ethanol <water
(acid)~water (neutral). The ethanol, despite having

a lower dielectric constant than acetonitrile, possessesWwater (neutral)
hydrogen-bonding ability and produces a higher relative

Stokes shift. The quantum yields decrease in the order

ethanol > cyclohexane > acetonitrile >water  (acid) >water Water (pH 13)
(neutral) >water (basic). All these results are collected in
Table 1

Table 1
Solvent Amax log(e) AE Quantum Stokes
(nm) yield, ¢ shift
(cm™)
252 4.26 326 0.354 189
290 4.25 340
324 3.84
252 4.27 348 0.289 2320
290 4.26
322 3.86
252 4.20 351 0.408 2957
290 4.22
318 3.77
252 4.09 352 0.190 3849
288 4.10
310 3.63
252 4.09 352 0.079 3849
288 4.10
310 3.63
256 4.13 443 0.035 6838
296 3.99
340 3.64
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Fig. 4. (a) Normalized fluorescence emission of DBFOH in some organic
solvents (CH: cyclohexane; MeCN: acetonitrile; EtOH: ethanol); (b) in wa-
ter, at different pHs.

3.2. Ground and excited-state pK’s of DBFOH

The K in the ground state can be calculated from the

bers) of both the acid and base forms, i.e.,

Nahc Nahe —,

5 vy +vx) (2

whereaandf refer to absorption or fluorescence, respectively.
This method is appropriate provided the spectra have a well-
resolved vibrational structure. In our case, the poorly defined
maximum of the LW band in alkaline conditions can pro-
duce a considerable error in the estimatiomif, as well as
the widening of the basic emission doe§§p This approach
produces K" =0.85. As an alternative, the 0-0 transition can
be obtained by calculating the wavenumber corresponding
to the intersection point of the normalized absorption and
emission spectra. These values are 30,379'dor the neu-
tral DBFOH and 26,690 cr for the ionised form, yielding
pK* =2.22. In any case DBFOH becomes a stronger acid in
its excited stateApK = pK" — pK = —8.38, calculated using
1.54 as the mean value, falls within the same range than the
reported for 2-naphthoH6.7)[24], 4-hydroxydiphenyl ether
(—9.4)[25] and 1-naphthol-2-sulfonate-8.0) [26].
Fluorescence titrations can give information about the
time scale in which fluorescence decay and excited-state pro-
ton exchange occur. When exciting at the isosbestic point
A =299 nm the normalized fluorescence at 352 and 443 nm
versus the pHg/¢g, gives a double sigmoid curve, with a
wide plateau region between 3 and 8 pH units, and two in-
flection points at 1.2 and 9.8ig. 3). In these plots, the
emission at 443 nm has been corrected for the contribution
from the protonated form at this wavelength, the correction
factor given byF443/F352 at the lowest pH. The two-step
shape shows a reversible two-state model that reflects the
equilibria corresponding to the acid—base reactions of the ex-
cited and ground states. The curves for the ionic or neutral
forms of DBFOH intersect at pH 2/¢o = 0.6, and the plateau
extends along six pH units. This is the characteristic case in
which both the rate constant of dissociation of DBFGitid

(B + k)i Ex =

Enx =

changes in the absorbance by a non-linear least-squarehe rate of pseudo first order protonation of the excited anion
fit to the Henderson—Hasselbach equation. By choosingare comparable to the rate of the fluorescence. This can be

Amax=288 nm the K was 9.95+ 0.02, a value close to that
of other aromatic alcohols, such as 2-naphthol (£28), 4-
hydroxydiphenyl ether (9.625], and 1-naphthol-2-sulfonate
(9.6)[26].

Itis possible to calculate the acidity constantinthe excited ¢  K,/(|H| 4+ Ka) + k3/ k1

state, K", by means of the®ister cyclg27] with absorption
and emission data:

Enx — Ex

K — pK* — —HX — =X
pE—P 2.303RT

1)

whereEpx andEx are the energies of the electronic 0-0
transition for the acid and base pair, respectivélihe tem-
perature andR the universal gas constant. The determination

proved by fitting the curves to the equatidas]:
¢ _ IHT/(IH*| + Ka) + ka/ko|H|

$o 1+ ka/ki + ka/ko|HT|

bl

#y 1+ ka/ki+ka/ko|HT| 3
k1 andky being the rate constants of fluorescence of the neu-
tral and ionic form, andks, ks, the rate constants for the
deprotonation of DBFOHprotonation of (DBFO)". The
resulting fits are the solid curves kig. 3b. Ideally, the sum
@lpo + @'l in the flat regions should be 1, but this is not the
case (ca. 1.26). This may be due to overlapping of the fluores-
cence between both forms of the molecule, and consequently,

of such energies in acid—base equilibria has been discussedhe calculated values will be differef5]. In any case, the

by Grabowski and Grabowska8]. They can be obtained by

fits yield ka/ko =63, andks/k; =2.1, taken as the mean val-

averaging the energies corresponding to the maxima in theues from the neutral or ionic form, i.e., the fluorescence of
absorption and fluorescence spectra (expressed in wavenumexcited DBFOH is contemporaneous with the proton trans-
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Table 2
Spectral characteristics of DBFOH with natural CDs at 298 K
Absorption Emission AF (nm) Stokes shift(cm™1)
o-CD No effect No effect
B-CD Defined isosbestic points Enhancement 352 3236
v-CD Three defined isosbestic points; two Low [y-CD]: quenching; 352 3236
isosbestic points that shift with{CD] high [y-CD]: enhancement

2 Nex=316nm.

fer in the lowest excited state, so thus DBFOIs partially ~ considerations just a single guest can be lodged completely
dissociated before the emission takes place. In such case, th#nside theB-CD cavity, along its longitudinal axis.

acid—base reaction i 8annot reach the equilibrium and the The protons of they-CD shift upfield in the presence of
pK" obtained from the inflection point in the titration curves DBFOH. As with theB-CD, the changes in the inner protons
would be only an estimation. Yet, the value obtained from are the most remarkable (H3:0.14, and H5:—0.20 ppm).

the inflection point (1.2) is not far from the 1.54 calculated The signals of the H6, at the primary rim of the cavity, move
by the Forster cycle. Time-resolved fluorescence experiments considerably, in—0.13 ppm which may suggest the partici-

should be used in order to complete these results. pation of the narrower edge of this CD in the complex. The
external protons H1, H2, and H4, chang8.08,—0.05, and
3.3. Studies of DBFOH + CD in water —0.07 ppm, respectively. In the case of this wider CD, two
DBFOH molecules can be lodged in the cavity, yielding a
3.3.1. Absorption spectroscopy complex other than 1:1. In order to elucidate the actual sto-
The effects produced by the additionef -, andy-CD ichiometry, we performed a NMR titration according to the

on the UV spectrum of DBFOH in water have been collected J0b method22], as shown inFig. 7. The abscissa is the
in Table 2 B-CD produces defined isosbestic points at 254, mole fraction of host or guest, obtained by mixing solutions
260, 292, 302, and 316 nm, together with redshifts of 2 and
4nm for the bands at 288 and 310, respectively. With the 0.6
wider macrocycley-CD, isosbestic points also appear at 254, 1 [-C]=0mM
270, 294, 306 and 320 nm, the last two points shifting slightly 089
with the CD concentration. There is also a redshift of 2 nm ]
for the band at 288 nnHg. 5). The a-CD does not modify
the DBFOH spectrum.

The absorption data suggest some sort of interaction in the
ground state between DBFOH afid or y-CD. In the case
of B-CD, the isosbestic points remained constant for all the
concentration range. In contrast, fp1CD, the points at 306
and 320 nm vary, which suggests the possibility of different o ] S —
stoichiometrie$30]. Finally, the red shifts detected both with 240 260 280 300 320 340 360
B- andy-CD, resembling the spectrum in ethanBld. 2), (@) R T
indicate a less polar environment for the molecule, similar
to that inside the CD cavity, what suggests the inclusional 0.6
nature of the complef31]. 1 [+CD] = 0 mM

[B-CD] = 5.5 mM

0.4

0.3

0.2 4

Absorbance

0.1 4

3.3.2. H NMR spectroscopy I g eeElssami
Fig. 6shows the proton spectrum of DBFOH and its assig- o f
nation. The addition o8- or y-CD produces important shifts
in the DBFOH protons, as well as changes in those of the
CDs, specially the inner H5 and H3 ones. These evidences
undoubtedly indicate that DBFOH is lodged within the cavity
of the CD, in agreement with the UV and fluorescence ex-
periments. Withu-CD, no changes in any of the resonances
either of the host or the guest are perceived. " G 260 280 300 220 340 360
In the case oB-CD, all the protons move upfield. Those (b)
of the cavity, H3 and H5, shift in~0.10 and—0.17 ppm,
respectively, whereas the outer protons shift in a lesser extenli:ig_ 5. (a) UV spectra of DBFOH 3.6 105 M in the presence of variable

(H1: —0.05, H2:-0.08, H4:-0.03, and H6:—-0.08 ppm). amounts of3-CD (arrows indicate the changes in intensity with increasing
According to the dimensions of both molecules and to steric [B-CD)); (b) in the presence of-CD.

Absorbance

A/l nm
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Fig. 7. Job plot of protons of (a)}-CD and (b) DBFOH.

of fixed concentration. The maximum is reached at a molar
ratio Xy.cp = 0.35 andXpgron = 0.65, proving that the com-
plex is a (DBFOH):y-CD type. The remarkable changes in
the chemical shifts are in accordance to tight packing of two
DBFOH molecules within thg-CD.

3.3.3. Steady-state fluorescence

The experiments with CDs have been carried out at neu-
tral pH. The samples were excited at the highest wavelength
isosbestic point in the absorption spectrum (316 nm). This
guarantees that both the DBFOH and the complexes are ex-
cited according to their relative concentrations, yielding an
emission proportional to their quantum yields.

(a) a-Cyclodextrin As it was expected, there are no changes
in the fluorescence spectra. The narrowe€D either
does not form complex with DBFOH or the binding is
weak. 2-Dibenzofuran carboxylaf@9] does not form
complexes either, although DBF and 2-dibenzofuran car-
boxylic acid can form a relatively weak complex with this
CD[18,19]

(b) B-Cyclodextrin Fig. 8shows the fluorescence spectra of
DBFOH upon the addition g3-CD. The intensity of the
whole spectrum enhances and neither isoemissive points
nor band shifting are perceived. This suggests that the
complexation with3-CD does not affect the acid—base
equilibrium in the excited state, and th®H group must
feel the same microenvironment than in the absence of
CD, i.e., hydratation outside the cavity of tReCD. This
same effect was found for 2-dibenzofuran carboxylate
with B-CD [20], in which the—COO~ remains outside
the CD, with a preferred orientation towards the narrower
edge of the cavity. This behavior is in contrast with that
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600 Taking into account that the stoichiometry is 2:1, the ini-

tial quenching detected must be due to the formation of a
complex of such stoichiometry, due to the higher proportion
of fluorophore. This complex coexists with the 1:1, which
has a quantum yield of fluorescence similar to that of DB-
(B-CD] = 2.7 mM FOH. When §-CD] increases, the equilibrium is shifted to
the 1:1 complex. The ratio between the emissions at 352 and
[B-CD] = 0 mM 443 nm as a function oRfCD] is constant, what indicates
that the acid—base equilibrium remains the same for both sto-
ichiometries, suggesting again that th@H group must be
outside the cavity, irrespectively of the stoichiometry of the
complex.

100_ .;:‘ ;‘I

325 350 375 400 425 450 475 500 525 3.3.4. Estimation of the binding constants
A7nm For a 1:1 complex the estimation of the association con-
stant by fluorescence reduces to the recording of the emis-

8. Fluorescence spectra of DBFOH %40 6M in the presence of . . . .
P P sion intensity at a certain wavelength (currentlyiatay)

with increasing B-CD]). versus the CD concentration. Afterwards, the data are lin-

(©

Intensity / a.u.

Fig

earised by the Benesi—Hildebrand approach or fitted directly
by a non-linear least squares fitting procedure. In the general
of 2-naphtho[13] or 1,6-naphthalenedi§l4] in which case of having several emissive species, each one of con-
B-CD favors the emission of the molecular form with  centrationc;, and provided we are working within the range
respect to the ionic one, by diminishing the rate constant of linearity, the fluorescence at a certain CD concentration
of ionization in the excited state. The DBFOH is axially g
longer than 2-naphthol so that th@©H group can be
exposed to the solvent. Fj= Z kic; (4)
y-Cyclodextrin With y-CD, DBFOH initially undergoes i=0
fluorescence quenching at low ratios [CD])/[DBFOH],
then, at medium and high ratios the intensity increase
up to reaching a plateakig. 9. The emission band does
neither shift nor has an isoemissive point within the en-
tire range ofy-CD concentration. Unlike the DBF and
DBFCA, the DBFOH does not give excimer-type emis- Fj
sion, although this behavior of the DBFOH is similarto 7 = > aixi (5)
that of 2-dibenzofuran carboxylate. i=1

s Wherek; is a proportionality constant related to the quan-
tum yield of each one of the fluorophores. In the absence of
CD, the fluorescence is due solely to the guest koco, SO
thus

whereq; =ki/kg and x; the mole fraction of the fluorophore.
The corresponding mass balance and mass action law con-
nect the concentrations of all of the components in solution,
with a constant for each binding sté&p. From the numer-

ical point of view, the problem reduces to finding a vector
(K1.. .Kj...q:1...q) that minimizes the sum of the squares of
the residuals at each concentration. However, in the case of
stoichiometries different than 1:1, the increasing number of
fitting parameters produces broader confidence limits, some-
times making the results unreliable. This problem may be
overcome if a wider set of experimental data is used, for
example, by taking into account the emission measured at
other wavelengths. In this way, a multivariable analysis of
the whole set of wavelengths under study can be performed,
by imposing the condition that the binding constants be the
same for each wavelength. In this case,[Bymust be rewrit-

ten as:

100
80

60 1

40

207

F‘
J — E Ly
. 9. Fluorescence spectra of DBFOH 2:710°M in the presence of <Fo> N = qir Xi (6)
i=1

variable amounts of-CD at 15°C.
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Table 3
Binding constantsK x 103 (L mol~1), g;, and thermodynamic parameters for DBFOH complexes with CDs
15°C 25°C 35°C 45°C AH (kI mol 1) AS(Imol1K-1)

B-CD Ky 3.63+ 0.05 2.95+ 0.04 2.17+ 0.03 1.674+ 0.02 —20+1 0+4

ol 2.083+ 0.004 2.161+ 0.004 2.333t 0.005 2.505+ 0.005
v-CD? Ky 0.3324 0.009 0.39+ 0.02 0.31+ 0.02 0.240+ 0.006

Kz 28.3+ 0.5 13.2+ 0.3 7.4+ 0.2 11.2+ 0.1

(o1 1.053+ 0.006 1.0704+ 0.005 1.156+ 0.005 1.413+ 0.004

a The parameteq, has been set to zero in the fit.

and now, the error function to be minimized becomes B-CD agrees with according to the wider cavityyaCD, in
which the first DBFOH molecule that enters must fit loosely.
E = Z Z ((F;/ Fo, P e ( Fj/Fo, A))2 (7) The same trend in the association constants was observed in
P, ‘ the complexes betweeprCD with DBFC.

The thermodynamic parameters of the binding, enthalpy
where thei subindex stands for the wavelength. For ac- and entropy can be obtained from the dependenkeonfthe
complishing this calculation, we have written a routine in temperature through the van't Hoff equation, provided these
MATLAB ® based on the Newton—Raphson algorithm, which magnitudes remain constant within the working temperature
switches to the Levenberg—Marquardt in the case of poor con-range. The entropy and enthalpy have been calculated by
vergence. The input parameter is a vector that contains thea weighed least-squares method, the weights given by the
initial guess for the binding constants ag¢dand the output ~ standard deviations df at each temperaturddble 3. In
are the estimation of the parameters with their error bounds,the case op-CD complex,AH is negative, as usual in CD
defined as the confidence intervals corresponding to a signif-complexes, and the entropy is negligible within the experi-
icance levelp=0.16. A weight factorw,, is introduced at ~ mental uncertainty. The binding enthalpy is practically the
each wavelength in E§7), taken as the absolute value of the same than that for DBF and DBFC with this CBZ2+ 3
difference betweefo; and the maximum value reached in and —19.1+0.4kJ mot 1, respectively), confirming what
the binding. Inthis way, the wavelengths at which the changeshas been said about the main driving force in the binding.
in intensity are more important contribute with a higher sta- The functional group in the 2 position has either no effect on
tistical weight. the formation of the complex or it is negligible.

The fitted parameters f@- andy-CD at each tempera- For they-CD complexes, although the errors in the pa-
ture are collected ifable 3 The results of the multivariable  rameters are higher than those wBCD, we could estimate
calculation show thaf;; =2.16 for theB-CD andqg; =1.07 the enthalpy in each binding step by fittikg andK> to the
for they-CD, at 25°C, i.e., the fluorescence of the HiCD van't Hoff equation separately. The enthalpy for the 1:1 step
complex is practically the same than that of DBFOH. This is —9kJmol?, lower than—26 kJ mot* for the second one.
explains the fall in intensity at the beginning of the plot in The result is in accordance to the loose fit of DBFOH in the
Fig. 9(sinceqz =0). If the concentration of-CD were high cavity of they-CD (1:1 complex), which becomes tighter
enough, and consequently, all the DBFOH were in the form once the first guest molecule is lodged.
of 1:1 complex, the intensity should reach a value close to
that of free DBFOH, at 15 and 2%, and higher at 35 and
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