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Abstract

The binding of diprotonatettans-4,4-diaminostilbene (DASKP) to poly (styrenesulfonate) (PSS) and poly(vinylsulfonate) (PVS)
in aqueous solution have been studied by following the changes in the absorption, fluorescence and polarization emission spectra of
complexed chromophors. It was found that in the DASH-PSS complex most of the DASH molecules are bound in thémans-isomer
form, while in the DASH2t—PVS complex, which is less stable and lackm interactions, the DASKPt molecules are bound in the
electrostatically preferreds conformation.

The higher stability of the DASEFT—PSS complex is due to structural fitting betwéems DASH,2 andp-styrene sulfonic units.
This structural fitting allows formation ofr—r bonds between aromatic moieties in combination with electrostatic attraction between
the protonated amine and sulfonate charged groups. Our findings demonstrate the delicate interplay between electrostatic and non-p
interactions which controls the binding of relatively large molecules to high-molecular weight receptors, and may be used to model
binding site in biological systems. These findings are corroborated by molecular mechanics simulation of the complexes. © 2000 Elsevit
Science S.A. All rights reserved.

Keywords:UV and Fluorescence spectra; Molecular mechanics simulation; Complex strigams2,4 -diaminostilbene (DASKZH);
1,5-Diaminonaphthalene (DAN#4"); Polyelectrolytes; Energy transfer; Excimer; Monomer

1. Introduction molecules do not depend solely on electrostatic interac-
tions, and that the hydrophobicities of the polyelectrolyte
Polyelectrolyes are polymers derived from monomers and of the probe moiety play an important role. It was
which consist of an ionizable group covalently linked to a suggested that enhancement of excimer formation is the re-
polymerizable hydrophobic moiety. For instanpestyrene sults of co-operative hydrophobic interactions between the
sulfunic acid upon polymerization forms polystyrene sul- probes and the macroion [7]. In addition, it was shown that
fonic acid which consists of a hydrophobic poly-phenyl the conformation of some specific flexible charged probes
ethane chain and ionizable sulfonic acid groups. In water may be controlled by the hydrophobic interaction of their
the sulfonic groups are dissociated and form a polyvalent carbonic chain with the macroion [8,9]. Likewise it was
macroion surrounded by a large number of counterions. shown that the interaction between ruthenium-tris (bipyri-
The high charge density of the macroion produces a strongdine) and oppositely charged macroion is both electrostatic
electric field which induces strong long range interactions. and, hydrophobic through the formation of hydrophobic
While considerable effort has been expended in under- domains [10,11]. Measurements by absorption and fluo-
standing the nature of the Coulombic interactions between rescence spectroscopy of several polyelectrolytes bound to
polyions and other charged species in the solution [1-6] various oppositely charged probes have demonstrated in-
somewhat less attention has been paid to the hydrophobiccorporation of these probes into the polyion domain and
interactions. Spectroscopic studies have shown that interacthe dependence of the binding constant on the length of the
tions between polyelectrolytes and charged organic probealiphatic side chain [12]. The existence of several types of
interactions between macroions and small molecules in ad-
"+ Corresponding author. Tels972-7-646-1184; fax: 972-7-690-0046. dition to structural co_nstrains may define specific domains
E-mail addressalon@bgumail.bgu.ac.il (E. Pines) on the polymer to which the probe molecule is attracted and
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Interaction between well defined domains on the sistivity was reached. In the experiment, the probe concen-
macroion with small molecules is an important problem tration was maintained constant at 10> M. When the
in biology and medicine [13,14], as for example, the macroion concentration was varied, the ratio between the
development of specific blockers to catalytic or regula- polyelectrolyte concentration in monomeric units and the
tory units or domains on the enzyme. In order to study probe concentratioR/D was used to describe the conditions
small molecules binding to polyelectrolytes which in- of the experimentP/D=100 was taken as a state in which
volves both electrostatic and hydrophobic-r interac- the probes are fully bound to polyions.
tions, we have investigated the binding of doubly-charged
aromatic amino derivatives to aromatic and non-aromatic
anionic polymers.Trans4,4-diaminostilbene (DAS) and

1,5-diaminonaphthalene (DAN) have been used as probe b _ ded | kard
molecules. The DAS molecule has several advantages for in- UV ahsorption specira were recorded on a Hewlett-Packar

vestigating the binding phenomena. The diprotonated form UV ba527 diode array spectrophotometer. A 1cm quartz

of the probe (DASH2™) has two positive charges located cuvette was used. Emission spectra were measured on a
on the two ends of the molecule. The DASH structure SLM 4800 spectrophotometer. The molecular mechanics

backbone was found by computer simulation to correlate simulations were performed by the Insight and_ Discover
well with the segment structure of PSS. This results in a pz_il_ckages thBIOSYNII( Tec_hnology, _INC" Slan I|3|ego ((j)n a
strong binding between the probe molecule and the polyion S'ICOn Graphics workstation. The intramolecular and in-
and, to a formation of a stable complex. DAS possess hightermolecular energies were calculated from the force field,
sensitivity to changes in the properties of the surround- which involves terms of stretching, ber?d'T‘g' tors'lon, out
ing environment due to itdranscis photoizomerization of plane, van der Waals and electrostatic interactions. The

The spectroscopic behavior of DAS is thus sensitive to its C0-Ordinates of the favored structure of the PSS segment
binding state (bound or free). We have used UV and fluo- consisting of eight monomer units and the probes were used

rescence spectroscopy to monitor the association betweerfS the starting points for energy minimization of the com-
these cationic probes and polyions in aqueous squtions.pleX' The energy minimized conformatlons of t_he probe
In addition, likely probe-polyelectrolyte complex structures mplecules were docked to the optimal conformr?mons of'the
were generated by molecular mechanics simulation meth_dlfferent_ stereomers of _the polymer. All the ea_rl_ler mention
ods (vacuum conditions). We have found these simulation calculfitlons were re_strlcted to vacuum _condmons and no
helpful in visualizing the geometric aspects and in exploring Solvation and entropic effects were considered.
the nature of the interaction between the positively charged
probes and the anionic polymers. 2.2.1. The segment structure of PSS
In order to elucidate the possible modes of interaction
between the organic ion and the charged macromolecule,

2.2. Methods

2. Material and methods preliminary investigation was required to establish the seg-
ment structure along the polyelectrolyte chain. This study
2.1. Materials was performed by using the cylindrical model of a single

polyelectrolyte chain. Although the organic ions are much

The polyelectrolytes used in our experiments were fully bigger than metal ions, they are still very small in compari-
sulfonated sodium hydroxide neutralized poly(styrenesul- son to the length of the polymer chain. Thus it was reason-
fonate) (Pressure Chemical Co MW177,000kD.) and able to assume that tight binding of organic ions to polyions
poly(vinylsulfonate) (Aldrich, 25W% water solution, is mainly related to relatively short segment structure of the
d=1.276 and12D°=1.3890). The stock polyion solution was polyelectrolyte of several monomeric units length rather
purified by using exchange resin (BIO RAD, AG501-X8 then to a large scale chain configurations [11]. In this study,
mixed bed resin) in order to remove the inorganic electrolyte eight monomers of PSS were used to generate the segment
and ionizable organic impurity from the polyion solution. structure of PSS. The backbone configuration of PSS is de-
The trans4,4’-diaminostilbene (dihydrochloride salt, 95% fined as S-R—S—R. Five segment structures of PSS are pre-
Aldrich) was in its uncharged form and was further purified sented in Fig. 1. The results of minimization show that the
by recrystallization. The 1,5-diaminonaphthalene (97%, total potential energy in group(l) which contains the struc-
Aldrich) was used without further purification. DAS and tures g&)g(+) and g@-)g(-) is higher than that in group(ll)
DAN were dissolved in 210~3M HCI solution to a con- containing gé)g(+), g(+)t and tgé). The difference is
centration of 2.%10 %M (stock solution). Acetate buffer larger than 20kcal/mol. The energy difference between
at 10mM concentration was used to reach the final con- the structures in group(ll) is less than 3 kcal/mol. Among
ditions, namely pH5 and ©=0.01, whereu is the ionic these five segment structures of PSS, the)g(+) and
strength. Other chemical reagents were of analytical grade.g(+)g(—) are not suitable for binding of either DASH or

Doubly distilled water was further filtered through a Mil-  DANH»2*. Binding the probe to the g{t and tg¢) induces
lipore cleaning device (pore size 220 nm) until 18Me- the configuration to changes to+g{g(+). This leads us to
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g(-)g(+)

) gt

Fig. 1. Five possible fragment structure of PSS. g and tgaecheand
trans orientation of the torsion angle of polymer backbone chain.

%
tg(+)

g(+)g(+

conclude that gf)g(+) is the most suitable structure for

binding protonated DAS and DAN molecules. Thus we
used the g{)g(+) segment structure to study the organic

ion/polyion complex.

3. Results

3.1. Binding DASKHt to PSS and PVS at ptb

The pronounced differences in the effect of binding of

DASH,?* to PSS as compared to the binding of DASHto

PVS are presented in Figs. 2 and 3. At pH 5 (in 10 mM NaAc

buffer solution), the solution of DAS contains a mixture of

Absorbance (arb. unit)

T T T T T T T

290 330 370
Wavelength (nm)

250 410

Fig. 2. Absorption spectra of DAS in water at pid in the absence
and presence of polyions. Curve B=0 in water; curve 2, with PVS
(P/D=100); curve 3, with PSS(D=100).P andD are the polymer and
DAS concentrations, respectively.
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1

Fluorescence Intensity (arb. unit)

425 475 525

Wavelength (nm)

325 375 575

Fig. 3. Emission spectra of DAS in water at £8 in the absence
and presence of polyions. Curve B=0 in water; curve 2, with PVS
(P/D=100); curve 3, with PSS(D=100).P andD are the polymer and
DAS concentrations, respectively.

its three acid—base forms as follows: 4% DASH, 55%
DASH' and 41% DAS (a1=3.87, Ka2=5.12) [15]. The
presence of PVS did not lead to changes in the absorption
spectra of DAS component mixture (Fig. 2), so that the
relative population of the three species was not altered by the
presence of PVS. Under the same conditions, the fraction of
the diprotonated form of DAS was considerably enhanced in
presence of PSS, due to a significant change in the acid—base
equilibrium of DAS towards DASKP* following its binding

to PSS (Figs. 2 and 3).

In the presence of PSS two new fluorescence bands ap-
peared. The one centered at 350 nm belongs to DASH
and the one centered at 460 nm belongs to DASTFhese
observations show that the dication form of DAS is stabi-
lized by its interaction with PSS and that the spectra of the
bound DASH?2T is that of thetrans-isomer. The data in Fig.

3 also show that the wavelengths of the emission maxima
of this mixture in PVS remains the same as itis in pure wa-
ter solution, except for a 20% decrease in intensity which
is due to the environment of the polyelctrolyte. Under the
same conditions, the fraction of the diprotonated specie of
DAS is greatly enhanced by the presence of PSS as indi-
cated by the new emission band at 350 nm. The large shifts
in the first and the second protonation constants are the re-
sult of the consecutive equilibrium processes induced by the
presence of PSS, Egs. (1) and (3):

DAS + HT « DASH* (1)
DASH*' + H < DASH,?" )
DASH' + DASH,?" 4+ PSS« (PSS-DASH?T)

+ (PSS-DASH) (3)

The apparent g, shift of DASH?t was 2.5 units toward
more basic values at ionic strength of M. The shift was
reduced to 1.2 unit at TG M.
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11 ture is similar to that of the unsubstitutedns-stilbene and
Lo . is mainly due to thé A—1B transition ofp-electrons [16].
) oo ® 8 Increasing the ratioR/D) between the monomeric concen-
2 0.9- v tration of the polymei®) and the concentration of DABJ
2 ° have led to changes in the absorption spectra. The absorp-
s 0.8 . tion spectra of free and bound DANH to PSS are pre-
§ ° sented in the insert of Fig. 5. The absorption band of free
= 077 ’.u = E.] :;:57 m DANH»2" in the range of 250-300 nm is also characterized
§ 1% e by three features at wavelength of 270, 278, 288 nm. This
= 0.6 & spectrum resembles that of naphthalene and is due to the
05T 1Ag—1La transition [17]. The experimental results show the
L] differences in absorption spectra between fR/®0) and
0_4T : , bound P/D=100) DASH?* and DANH?*. The 2 nm red
0 50 100 150 shift and 25% reduction in the absorbance are the two com-
P/D mon features of both bound diprotonated probes. Similar
Fig. 4. The normalized values of quantum yield at 457 nm and polarization chaqges in the absorption spe.ctra Ca':] also be found in the
fluorescence at 350 nm of DASH (pH=2) vs. theP/D ratio. P and D binding of (arylmethyl) ammonium cations by PSS [7,8].

are the polymer and DAS concentrations, respectively. The two spectral features of the complexed probes men-
tioned earlier can serve as an additional indication for the
association between our probes and polyions. Indeed it is
3.2. Binding DASKH* to PSS and PVS at pH2 well documented that small (2-3 nm) reproducible spectral
shifts are characteristic of host—guest complexes of aromatic
At pH=2 the DAS molecule is fully diprotonated in the molecules. In these cases dynamic and kinetic factors such
solution. Fig. 4 shows the normalized values of polariza- as the rotational correlation time, the isomerization and the
tion and quantum yield ofrans DASH,2+ as a function proton transfer rate of the chromphore molecule are much
of the P/D (the ratio between the monomeric concentra- more effected by coplexation than the steady state spectral
tion of the polymerP and the concentration of the probe properties [18].
D, where the value oD was 1x10~°mol/l). A typical The absorption spectra in Fig. 5 also provides information
binding isotherm of DASH2T to PSS was found following  on the configuration of the bound DASF. The absorption
the quantum yield (QY) and the fluorescence polarization spectra otis-stilbene has no fine vibrational structure and its
changes®) at 350 nm as a function d®/D. At saturation spectra appear at a considerably shorter wavelength as com-
concentrations oP/D the quantum yield and polarization pared to that of théransisomer [20]. Thetrans DASH,2t
of DASH,?* increase by as much as 2.7-fold. The large has the same spectral featurestramis-stilbene due to the
effect of the binding on the chromophore fluorescence al- diminished effect of the two lone-pairs of electrons on the
lowed us to follow the dependence of the binding process amino-groups. The fine vibrational structure of DASH is
versus ionic strength. Polystyrene sulfounic acid is a mod-
erately strong acid and almost fully dissociated in aqueous
solution [19]. Therefore, the changes of the emission spec-
tra of bound DASH?* induced by increasing the proton
concentration (additional HCI) can be simply attributed to
the change in the ionic strength of the solution. For solu-
tion of lower ionic strength such as 0.001 mol/l the quantum
yield and polarization were much more affected by binding,
by as much as a factor of 5. The ionic strength effect on
the binding as was found by our group and by others [3,4],
shows that the ionic strength acts to decrease the bound
fraction of the probe molecules. We have found that at a
ionic concentration of 0.04 M HCI DANE?+ became totally
free of the polymer chain, while DAS#™ became free at
higher ionic concentrations (0.2 M). This difference shows
that the DASH2t—PSS complex is more stable then the Fig. 5. The influence of PSS on the absorption spectra of DASHN
DANH22+—PSS complex. Fig. 5 shows the long-wavelength 0.01M HCI. The ratio ofP/D for each curve are as follows: curve 1,
absorption band of DASH#' in the absence and in the F/D=0; curve 2,P/D=2; curve 3,PID=5; curve 4,P/D=10; curve 5,
. . P/D=100. The plot in the insert of Fig. 5 is the absorption spectra of
presence of PSS_ in 10mM HCI water SOIUt_Ior_]' The band DANH,%*. The ratio ofP/D for each curve are as follows: curveFID=0
of free DASH?" is characterized by three distinguishable in 0.1 M Hcl for fully protonation of DAN; curve 2P/D=100 in 0.01 M
features at wavelength of 296, 308 and 322 nm. This struc- HCI. P and D are the polymer and DAS concentrations, respectively.

Absorbance (arb. unit)

250 270 290 310 330 350 370
Wavelength (nm)
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Fluorescence Intensity (arb. unit)
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425 475 525

Wavelength (nm)

d T
325 375 575

Fig. 6. The influence of PSS on the emission spectra of DASHN
0.01 M HCI. Excitation wavelength, 310 nm; curve R/D=0; curve 2,
P/D=2; curve 3,P/D=5; curve 4,P/D=10; curve 5,P/D=100. P and

D are the polymer and DAS concentrations, respectively. The intensity
ratios (4e60/l350) are summarized in Table 3.

retained when it is in its bound state (Fig. 5). This suggests

that DASH? at pH=2 keeps thdransisomer configura-
tion in its PSS complex.
The fluorescence emission spectra of DASHin the ab-
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Fig. 8. The influence of added PVS on the emission spectra of DASH

in 0.01 M HCI. Excitation wavelength, 310 nm; curveA/D=0; curve 2,
P/D=20; curve 3,P/D=40; curve 4,P/D=100; curve 5P/D=100.P and

D are the polymer and DAS concentrations, respectively. The intensity
ratios (4e0/l350) are summarized in Table 3.

The effect of binding of DASKt to PVS on the absorp-
tion and fluorescence spectra of DASH are presented in
Figs. 7 and 8, respectively. When PVS is added to the solu-

sence and in the presence of PSS in the solution are showrfion the absorption spectra of DASH shifts towards the
in Fig. 6. The emission bands between 330-390 nm andCis-isomer (short wavelength side).(Fig. 7) while the quan-

400-550 nm correspond to the emission from DASHand
DASHT, respectively. The existence of the mono protonated
band of DAS, DASH at pH 2 is due to the excited state
proton transfer reaction of DAS#t which is a strong pho-
toacid and dissociates in the excited statéfppr—2 ac-
cording to our excited-state titration experiment, not shown).

tum yield of DASH?" is reduced considerably indicating
the formation of the none fluorescentis-isomer (Fig. 8).

4. Discussion

The fluorescence intensity is increased by a factor of 2.5 The interaction of 4,/4diaminostylbene (DAS) with neg-
upon addition of the PSS owing to an enhancement in the atively charged polyions affects the ground state protonation
fluorescence quantum yield. This suggests that the rate ofequilibrium of the two amine residues of DAS, by stabiliz-

thetransto cis photoisomerization, the major non radiative
decay process of DASHt and DASH' in the excited state
[15,21], is reduced by the association of the probe with the
hydrophobic region of PSS.

Absorbance (arb. unit)

200 310
Wavelength (nm)

270

250 70

Fig. 7. The influence of PVS on the absorption spectra of D&SHN
0.01M HCI. The ratio ofP/D for each curve are as follows; curve 1,
P/D=0; curve 2,P/D=20; curve 3,P/D=40; curve 4,P/D=100.P and

D are the polymer and DAS concentration, respectively.

ing the diprotonated DASK* form (Figs. 2 and 3), thus
making the complexed DAS a stronger base (and equiva-
lently making DASH?t a weaker acid). At pE2 DAS is
fully diprotonated in solution, so only the interaction of the
DASH,2t form is needed to be considered. The DASH
molecule has two stableis- and transisomers. Similarly

to its parent stilbene molecule, ttrans-isomer is preferred
over thecis-isomer in solution. Two processes affect the dy-
namic aspects of DAS#* in solution . The first igrans

to cis (and cis to trang conversion and the second is the
acid base equilibrium DASH+<DASHt+H*. Both pro-
cesses were found in this study to be affected by com-
plexion with negatively charged polyions. Another issue of
this study was to explore the interplay between the elec-
trostatic interaction and the hydrophobic interactions and
their combined and separated effect on the binding between
the chromophore and the polyions. We have found out that
the strong binding affinity of DASKEt to PSS is due to
the hydrophobic interaction caused by the aromatic rings
which act in co-operation with the short range electrostatic
attraction. In contrast with PSS, lack of hydropholsiern
interaction causes organic ions to bind to PVS mainly by
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Table 1

Calculated energy parameters (kcal/mol) of the complexes between doubly charged probes and PSS

Energies trans DASH,2+—PSS Ccis-DASH,2t—PSS DANHZ+-PSS
Total system energy 608.4 626.8 648.3
Stretch bond energy 107.4 107.9 113.2

Bend angle energy 48.9 61.3 56.9
Torsion energy 108.7 1124 109.4

Out of plane energy 0.5 0.3 0.4

van der Waals energy 284.2 280.5 2924
Electrostatic energy 58.7 64.4 76.0

electrostatic interactions which are weaker then the com- trostatic and themr—w aromatic interactions are being al-
bined hydrophobic—hydrophilic interactions in the DAS/PSS most optimized. Table 1 also include the energy minimiza-
complex. The partial disappearance of the fine vibrational tion of the DANH2*—PSS complex. The comparison with
structure of PVS-bound DASH™ (Fig. 7) shows that the  transDASH,2* shows that the DANBPH complex is less
binding of DASH?* to PVS is mainly in thecis config- stable then théransDASH,2+ complex in both the elec-
uration and is less favored than tiansDASH,2t—PSS trostatic andr—m interactions by 17 and 8 kcal/mol, respec-
complex. The gradual decrease in the fluorescence inten-ively. This demonstrates again to the importance of a struc-
sity due to DASHZ"—PVS binding as shown in Fig. 8 (the tural backbone fit between the host and guest molecule.
opposite behavior was found in the DAgH PSS com- The computer generated DASH —PVS complex shown
plex, see Fig. 6) also indicates that the daikisomer is in Fig. 10 is for a complex formed witbis-DASH,+. The
formed upon binding to PVS so that the residual fluores- calculated energy parameters show thatdiseDASHy2—
cence originates from the unboutdnsisomer. In agree- PVS complex has stronger electrostatic interactions than
ment with this observation, no spectral shift in the emission that of thetrans DASH»2t—PVS complex due to the better
band was found in these experiments indicating that the ob-fit between the location of the positive charges of the probe
served fluorescence originates from the residual unboundmolecule and the position of the negatively charged sol-
transisomer form. These findings are corroborated by the fonate groups. The difference in the electrostatic interaction
molecular mechanics simulation of the various DASH being about 29 kcal/mol. This suggests that tigisomer
complexes ¢is- andtransDASH»%2" complexed with PVS

and PSS). Tables 1 and 2 and Figs. 9 and 10 show the results
of our calculations done in vacuum. In case of the coplex-
ation with PSS, théransisomer was found to be preferred
over thecis-isomer by 18 kcal/mol (Table 1) and in the case
of the DASH?t—PVS complex theis-isomer was found

to be preferred over thigansisomer by 39 kcal/mol. Figs.

9 and 10 clearly demonstrate the polyelectrolyte selection
of the DASH?t isomer. Fig. 9 depicts the energy mini-
mized structures ofransDASH,2T—PSS. Due to the flex-
ibility of the polymer chain, the relevant segments of PSS
arrange their configuration so to fit the structure of the or-
ganic ions. The structure in Fig. 9 suggests a remarkable
structure fit between th#ansDASH,%" and the segment
arrangement of gf)g(+) configuration of PSS, the elec-

Table 2
Calculated energy parameters (kcal/mol) of the complexes between doubly
charged probes and PVS

Energies transDASH,2t—PVS  cisDASH,2—PVS

Total system energy 694.1 655.0

Stretch bond energy 31.9 31.0

Bend angle energy 52.2 48.0

Torsion energy 62.6 51.7

Out of plane energy 62.1 62.1

van der Wgals energy 215.9 221.3 Fig. 9. Computer generated structuretiains DASH,?*—PSS complex in
Electrostatic energy 269.4 240.9

vacuum. The numbers are given in Angstroms.
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tion as possible. This is achieved by ‘forcing’ the molecule
to complex in its less favorabtds-conformation thus bring-
ing the two charged ends of DASH closer together (Fig.
10). An additional aspect of the complexation reaction is
its effect on the excited-state proton transfer reaction of
DASH,?*, i.e. DASH?* «>DASH* +H*. The fluorescence
intensity of the monocation (at 460 nm) and the dication
(at 350nm) of DAS in PSS and PVS solutions and the ob-
served emission are compared in Figs. 6 and 8. The ratio
of the fluorescence intensitys6o/1350) represents the effect
of the polyanions on the relative proportions of DASH
and DASH' in the excited state due to the excited-state
proton transfer reaction. The results collected in Table 3
show that the ratio is increased with increasiBp in
PSS solutions, while the presence of PVS does not affect
this ratio. The change in the quantum yield of DASH
and DASH™ may be found directly from the change in the
area of their respective fluorescence bands. In the case of
the trans DASH,%2*—PSS complex the total quantum yield
increased with the?/D ratio by more than 2-fold (Fig.
6) while the quantum vyield of thérans DASH,2t—PVS
complex decreased by almost 3-fold. In combination with
the ratio of the fluorescence intensity dakgd/1350) these
Fig. 10. Computer generated structure of tieDASH,2"—PVS complex observation point out, once more, that the D&é‘H is
in vacuum. The numbers are given in Angstroms. complexed to PVS mainly in the form of the non fluorescent
cisisomer, so the residual fluorescence of ttamsisomer
is stabilized mainly by Coulombic attraction (Table 3). The which is observed even iR/D of 100:1 is due to either
above vacuum calculation together with our ‘real-life’ so- uncomplexedrans DASH,?* or to transDASH,?+ which
lution measurements point to the major importance of a is complexed through only one end —iH terminal via
structural fit. In the case of the DASH—PSS complex a purely electrostatic interaction. Such a complexation
there is an harmony between the location of the coulombic has much less effect on the photophysical properties of
‘hot spots’ which are at the two ends of the molecule and DASH,?* then a two end complexation which combine
the general structural fit (i.e. in dimension and in contour) both electrostatic and van der Waals interactions. Similar
between the chromophore and the macroion. This situationbehavior was found by us in the complexation of the analog
reassemble the general description of a typical host-guestmolecule trans-4, trimethyl-ammonium-4aminostilbene
interactions such as encountered in many biological sys-(TAAS )to PVS [22]. The DASH+ PSS complex shows
tems and as such may serve as a simple model for bio-a very different behavior. Both the total quantum yield,
logical host—guest interactions. Th&ns configuration of the relative quantum yield of the monoprtotonated form of
DASH,%". in the complex is thus determined by both the DASHT and the polarization of DAS}t increase upon
location of the coulmbic interactions and the general struc- the complexation of DASH" with PSS (Figs. 4 and 6).
tural overlap within the host—guest pair. In comparison, PVS This indicates a rigid binding of thé&ransisomer using
does not fit well with the structure dfansDASH,%t and the columbic interaction of the two N terminals as
also lackw—mw interactions. The best ‘solution’ for a stable docking anchors (Fig. 9). Analogously, we have found
complex in this case is to gain as much coulombic interac- out a 3-fold increase in both the lifetime and the quan-
tum vyield of boundtransTAAS molecule to PSS [22].

Table 3 The main reason for the increase in the total quantum
Emission intensity ratio 14so/laso) of DASH' and DASH2' in the yield of the complexedransDASH,%" is the slow down
presence of PSS and PVS in 0.01M HCI solution in its trans-cis photoisomerization rate which is the main
Medium lago/l3so (in PSS) laso/1350 (in PVS) non-radiative decay route for both excited DASH and
Water 0.49 0.48 DASH™. Finally the rate of the proton transfer may also
P/D=2 0.68 _ be affected by the complexation of DASHto PSS, due
P/D=5 0.87 - to a change in they*. However, this effect is expected
P/D=10 0.94 - to be very small because of the large free-energy gain and
E§B=ig - 8-:‘;2 the exothermic nature of this proton-transfer reaction which

make the reaction rate insensitive to small changeXyf p

P/D=100 0.97 0.51
[23].
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5. Conclusion

The interaction between diprotonated diamine molecules
namely: DASH2t and DANH;2* to both aromatic (PSS)
and non-aromatic (PVS) polyelectrolytes was investigated
by using spectroscopic and molecular mechanics simula-
tion techniques. Binding of amino derivatives to PSS is a
co-operative binding process which involves electrostatic,
hydrophobic and/ofr—r interactions. As demonstrated by
the UV absorption results, most of the DAgH: that were
complexed with PSS were in thiens-isomer form. A good
correlation between structural calculations in vacuum and
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