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The interaction of poly(maleic acid-co-alkyl vinyl ether)s and binding. This is attributed to the formation of microdomains
by the polyelectrolytes themselves. For these systems thepoly(sulfonylethyl maleic acid monoamide-co-alkyl vinyl

ether)s with and without (cyanobiphenylyl)oxy chromo- formation of mixed micelles is assumed. The compactness of
the microdomains of the maleic acid copolymers isphores with N-[ω-(substituted azobenzoxy)alkyl]-N,N-

dimethyl-N-hydroxyethylammonium bromide surfactants influenced by the pH and binding with surfactants is also
influenced by pH. The sulfonylethyl maleic acid monoamidehas been studied by UV spectroscopy. The azobenzene unit

is functionalized at the 49-position with a cyano or fluoro copolymers show no pH dependence in binding above
neutral pH. For these polyelectrolytes the cooperativity alsosubstituent and is connected to the surfactant headgroup via

a decyl or dodecyl spacer. Upon addition of surfactants to becomes less with a longer spacer between backbone and
chromophore. Upon elongation of the surfactant spacer orpoly(maleic acid-co-butyl vinyl ether) the absorption maxima

(λmax) of the azobenzene chromophores immediately show changing the end group from a cyano to the more
hydrophobic fluoro substituent a lower λmax is observed fortheir maximum blue shift. This indicates cooperative binding

of surfactant to this polymer, and the formation of micelle- the chromophores upon initial binding to the polyelectrolytes
indicating more cooperative binding. When surfactants andlike aggregates surrounded by polyelectrolyte is assumed.

Upon addition of the surfactants to the other polyelectrolytes polyelectrolytes are both labelled with chromophores,
binding proceeds noncooperatively and the formation ofλmax values of the azobenzoxy chromophores gradually shift

to lower values indicating a lower cooperativity of surfactant mixed micelles is assumed.

Spectroscopic techniques like UV/Vis and fluorescence and surfactants result from the aggregation or deaggre-
gation of the chromophores.spectroscopy are often used to investigate the interactions

between polymers and surfactants.[125] Spectral changes It can be expected that changes in both the hydro-
phobicity and hydrophilicity of the polyelectrolytes and thewhich occur upon the binding of surfactants to polymers,

like shifts in absorption maxima, peak widths and peak surfactants will influence their interaction. In this paper a
UV-spectroscopy study is presented on the interaction ofasymmetry, result from a change in polarity of the micro-

environment (solvatochromic shift) or from exciton forma- poly(maleic acid-co-alkyl vinyl ether)s Cn acid and I-n, and
the more hydrophilic poly(sulfonylethylmaleic acidtion.

Most polymers and surfactants do not possess internal monoamide-co-alkyl vinyl ether)s Cn sulfonate and II-n
(Scheme 1) with ammonium surfactants that have a N,N-probes to monitor spectroscopic changes, therefore external

probes have to be added, like e.g. pyrene in fluorescence dimethyl-N-hydroxyethylammonium head group and
fluoro- or cyanoazobenzene chromophoric units connectedstudies. [2] Another method which is often applied is the

modification of polymers or surfactants by covalent bond- via a decyl or dodecyl spacer. The sulfonylethyl group con-
taining polyelectrolytes Cn sulfonate and II-n are bettering of small amounts of probe molecules. A disadvantage

of both systems is that the presence of even a modest water-soluble and form less compact microdomains.[9] The
influence of this group and of the spacer length and endamount of probe molecules might disturb the interaction

between polymers and surfactants. group of the surfactants on the cooperativity of the surfac-
tant binding is investigated.In a previous paper we have described the use of UV

spectroscopy to study the interaction between polymers and
surfactants in which one or both components are labelled
with a chromophore. [6] In these systems the chromophores
form an intrinsic part of the polymer or surfactant and play Results and Discussion
a role in determining their physical behaviour. [7,8] Spectral
changes observed upon interaction between these polymers The polyelectrolytes and surfactants used in this paper

are shown in Scheme 1. The synthesis and properties of the
[a] Wageningen Agricultural University, Department of Biomolecu- surfactants and polyelectrolytes have been described be-lar Sciences, Laboratory of Organic Chemistry,

Dreijenplein 8, NL-6703 HB Wageningen, The Netherlands fore.[729]
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displayed as a function of the ratio surfactant/C4 acid re-
peating units. One repeating unit contains two possible
binding sites. The fact that the maximum blue shifts are
already observed at a 0.1:1 ratio indicates cooperative bind-
ing of the surfactants to the polyelectrolyte. The surfactants
bind close to each other to the polymer and the chromo-
phores can have strong mutual π-π stacking interactions.
This cooperativity suggests that the surfactants bind to the
polyelectrolyte in the form of micelle-like aggregates. In a
previous paper the cooperative binding of N-[ω-(49-cyano-
benz-4-oxy)decyl]-N,N,N-trimethylammonium bromide to
C4 acid was already discussed. [6] Also the dodecyltrimethyl-
ammonium cation (DTA1) is reported to bind coopera-
tively to C4 acid when this polymer has a charge density α
$ 0.5. [14] [15]

Scheme 1. Polyelectrolytes and surfactants used in this paper

Figure 2. Change in absorption maximum of F-C12-Br upon addi-
tion to C4 acid at pH 5 7.8 (a) and 10.9 (b)Figure 1. UV absorption spectra of F-C12-Br in pure water (a) and

upon addition to C4 acid at pH 5 7.8; ratio surfactant/repeating
unit 0:1 (b), 0.1:1 (c) and 0.9:1 (d) Upon increasing the pH the charge density of the poly-

electrolyte is increased resulting in a swelling of the poly-
electrolyte due to increased electrostatic repulsion on theC4 Acid 2 X-Cn-Br
backbone. This affects the interaction with surfactants as

In Figure 1 the UV absorption spectrum of F-C12-Br in can be seen from Figure 2. At higher pH F-C12-Br still
pure water is displayed. The concentration of the surfactant binds cooperatively to the polyelectrolyte, but the blue shift
molecules used for the measurements is well below the criti- has decreased with 10 nm as compared to the solution at
cal aggregation concentration. For F-C12-Br an absorption pH 5 7.8.
maximum of 347 nm, associated with a πRπ* transition, is Besides the aggregation number and mutual orientation
observed for the monomeric species in aqueous solution. of the aggregated chromophores their distance is also a de-

Upon addition of F-C12-Br to an aqueous solution of termining factor for the observed shift in λmax and thus for
C4 acid the absorption maximum is immediately shifted to the amount of π-π stacking interactions. The spectral shift
320 nm, a blue shift of 27 nm. According to the molecular (in wavenumber, ∆ν) for an aggregate consisting of N
exciton model proposed by Kasha,[10212] the blue shift from monomers with respect to the monomer absorption is
the monomer band is indicative of linear chromophore ag- given by[16]

gregation with their transition moments parallel to each
other and ordered perpendicular to the stacking direction
(so-called H aggregates). [13] The wavelength shift depends,
among others, on the mutual orientations and distance, and
on the aggregation number of the chromophores. The ob- in which µ is the magnitude of the transition dipole mo-

ment, r is the centre-to-centre distance between the dipolesserved blue shift of the fluoroazobenzoxy units results from
the parallel aggregation of the fluoroazobenzoxy chromo- and α is the angle between the chromophore long axes and

the chromophore centre-to-centre line. The decrease in bluephores and is caused by π-π stacking interactions indicating
the formation of ordered aggregates consisting of F-C12-Br shift upon increasing pH is mainly ascribed to the increased

centre-to-centre distance r of the fluoroazobenzoxy chro-molecules surrounded by the polyelectrolyte.
In Figure 2 the absorption maxima of the fluoroazobenz- mophores which is forced onto the surfactants by the more

extended polyelectrolyte.oxy chromophores of F-C12-Br at pH 5 7.8 and 10.9 are
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In Table 1 the absorption maxima of X-Cn-Br in pure

water and in the presence of C4 acid at various surfactant-
to-repeating unit ratios are given. For all surfactants an im-
mediate blue shift of the absorption maximum is observed
when added to an aqueous solution of C4 acid. This implies
that all surfactants bind cooperatively to C4 acid at both
pH values studied. This agrees with reports in literature on
cooperative binding of dodecyltrimethylammonium cations
to this polyelectrolyte. [15,16] The alkyl spacer length of the
surfactants hardly affects the amount of blue shift of the
chromophores.

Table 1. UV absorption maxima (in nm) of X-Cn-Br in pure water
and in the presence of C4 acid at various surfactant to repeating Figure 3. Change in absorption maximum of F-C12-Br upon addi-
unit ratios at pH 5 7.8 and 10.9 tion to C6 acid at pH 5 7.8 (a) and 10.9 (b)

pH 5 7.8 pH 5 10.9 between the surfactants. This results in the lower absorptionSurfactant H2O Ratio 0.1:1 Ratio 0.9:1 Ratio 0.1:1 Ratio 0.9:1
maxima for their chromophores after the first addition of
surfactant.CN-C10-Br 361 339 338 346 349

CN-C12-Br 360 339 338 347 347 From Figure 3 and Table 2 it can be seen that at pH 5
F-C10-Br 349 325 324 331 331 10.9 the binding of F-C12-Br to C6 acid results in a higherF-C12-Br 347 321 320 332 333

λmax at a 0.9:1 ratio than at pH 0 7.8. [17] Binding of CN-
Cn-Br also gives higher λmax values at pH 5 10.9. At high

As was already clear from Figure 2, the conformation of pH the distance between the polyelectrolyte binding sites is
the polyelectrolyte has a strong influence on the amount of increased due to deprotonation which forces the surfactant
aggregation of the surfactants. Upon increasing the pH the molecules to bind at a larger distance from each other.
polyelectrolyte becomes more stretched resulting in a larger Therefore a higher λmax is observed at pH 5 10.9 as com-
distance between the polyelectrolyte binding sites. The dis- pared to pH 5 7.8.
tance between the surfactant molecules bound to the poly-

Table 2. UV absorption maxima (in nm) of X-Cn-Br in pure waterelectrolyte at higher pH therefore also increases which re- and in the presence of C6 acid at various surfactant to repeating
sults in a smaller blue shift of azobenzene chromophores unit ratios at pH 5 7.8 and 10.9
of CN-Cn-Br and F-Cn-Br at pH 5 10.9 as compared to

pH 5 7.8 pH 5 10.9pH 5 7.8.
Surfactant H2O Ratio 0.1:1 Ratio 0.9:1 Ratio 0.1:1 Ratio 0.9:1

CN-C10-Br 361 353 339 355 343C6 Acid 2 X-Cn-Br CN-C12-Br 360 344 338 347 345
F-C10-Br 349 340 326 [a] 336 330

After the first addition of F-C12-Br to C6 acid at pH 5 F-C12-Br 347 332 323 335 332
7.8 the absorption maximum of the fluoroazobenzene chro-

[a] Ratio 0.7:1.mophores is observed at 332 nm, a blue shift of 15 nm as
compared to the monomeric chromophores. Upon increas-
ing the surfactant concentration the absorption maximum
decreases even more, reaching 323 nm at a 0.9:1 surfactant C12 Acid 2 X-Cn-Br
to repeating unit ratio. The maximum blue shift of the
fluoroazobenzoxy chromophores is reached at a higher sur- From literature it is known that C12 acid forms microdo-

mains in aqueous solution between pH 5 1 and 14.[18,19]factant to repeating unit ratio than was observed for C4
acid (Figure 2). This implies a less cooperative surfactant The compactness of these microdomains depends on the

charge density of the polyelectrolytes and thus on the pHbinding to C6 acid.
For CN-Cn-Br and F-C10-Br the binding to C6 acid is of the solution. When F-C10-Br is added to C12 acid at

pH 5 7.8 a gradual decrease in λmax of the fluoroazobenz-also less cooperative than their binding to C4 acid. As for
F-C12-Br the decrease in cooperativity can be attributed to oxy chromophores is observed. From Figure 4 it can be

seen that the absorption maximum is shifted from 350 nmthe increase in polyelectrolyte side chain length which
causes the formation of microdomains by C6 acid itself. at a 0.1:1 ratio to 327 nm at a 0.9:1 surfactant to repeating

unit ratio. This is seen more clearly in Figure 5 which dis-For the surfactants with a dodecyl spacer a lower absorp-
tion maximum of the azobenzene chromophores is ob- plays λmax as a function of the ratio of the surfactant to

polyelectrolyte repeating unit.served at a ratio of 0.1:1 than for the surfactants with a
shorter decyl spacer. This implies a more cooperative bind- The gradual decrease in λmax implies a noncooperative

binding of the surfactant molecules to the C12 acid micro-ing for X-C12-Br. The increased hydrophobicity of X-C12-
Br as compared to X-C10-Br results in stronger attraction domains. At pH 5 7.8 ∆λmax is larger than at pH 5 10.8.
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Table 3. UV absorption maxima (in nm) of X-Cn-Br in pure water
and in the presence of C12 acid at various surfactant to repeating
unit ratios at pH 5 7.8 and 10.9

pH 5 7.8 pH 5 10.9
Surfactant H2O Ratio 0.1:1 Ratio 0.9:1 Ratio 0.1:1 Ratio 0.9:1

CN-C10-Br 361 366 337 363 347
CN-C12-Br 360 356 337 358 347
F-C10-Br 349 350 327 348 333
F-C12-Br 347 335 328 346 332

is clear from the lower absorption maxima for X-C12-BrFigure 4. UV absorption spectra of F-C10-Br upon addition to C12
acid at pH 5 7.8; ratio surfactant/repeating unit 0:1 (a), 0.1:1 (b) than for X-C10-Br after the first addition of surfactant.
and 0.9:1 (c) This was also observed for surfactant binding to C6 acid.

The small red shift of the absorption maximum at the
0.1:1 ratio of CN-C10-Br/C12 acid at both pH values results
from the dissolution of the surfactant tails into the micro-
domains formed by the alkyl groups of the polyelectrolyte.
These microdomains provide an apolar environment for the
surfactant tails. The absorption maximum of these chromo-
phores is shifted to higher wavelength upon decreasing the
polarity of the solvent. In a 1,4-dioxane or THF solution,
which are less polar than water, the absorption maximum
of e.g. CN-C10-Br is found at 364 nm.

C6 Sulfonate 2 X-Cn-Br

The binding of F-C10-Br to C6 sulfonate is presented in
Figure 6. The absorption maximum of F-C10-Br in pureFigure 5. Change in absorption maximum of F-C10-Br upon addi-

tion to C12 acid at pH 5 7.8 (a) and 10.8 (b) water is 349 nm. As can be seen in Figure 6 the absorption
maximum of this surfactant is already blue shifted at a 0.1:1
surfactant to repeating unit ratio resulting from aggregation
of the fluoroazobenzoxy chromophores. A further decrease
of the absorption maximum with increasing surfactant con-This was also observed for surfactant binding to C4 acid
centration is observed.and C6 acid and can be attributed to the smaller distance

between the binding sites on the polyelectrolyte backbone
at lower pH. F-C12-Br and CN-Cn-Br show the same de-
crease in λmax upon addition to C12 acid upon increasing
the pH.

From Table 3 it can be concluded that X-Cn-Br binds
noncooperatively to C12 acid. The addition of F-C12-Br to
C12 acid results in an absorption maximum of 335 nm at a
0.1:1 ratio. This is a blue shift of 12 nm as compared to the
monomeric surfactant. The blue shift is clearly less than the
blue shift observed for F-C12-Br in the presence of C4 acid
and C6 acid at a 0.1:1 ratio. This indicates that the surfac-
tant molecules bind less closely to each other in the pres-
ence of C12 acid at pH 5 7.8 as compared to C4 acid and
C6 acid. However, at this pH F-C12-Br shows a larger blue

Figure 6. Change in absorption maximum of F-C10-Br upon addi-shift upon binding to C12 acid than F-C10-Br, CN-C10-Br
tion to C6 sulfonate at pH 5 4.3 (a), 8.1 (b) and 10.8 (c)and CN-C12-Br. This may be attributed to the more hydro-

phobic nature of F-C12-Br as compared to F-C10-Br and
CN-Cn-Br. The pH of the solution hardly affects the cooperativity

of the binding but the pH does affect the solubility of theAn increase in alkyl spacer length of the surfactant re-
sults in more cooperative surfactant binding to C12 acid, as formed polyelectrolyte2surfactant complex. The increase in
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λmax which can be seen in Figure 6 at pH 5 4.3 and a maximum shifts to lower values indicating the gradual ag-

gregation of the chromophores.surfactant to repeating unit ratio beyond 0.4:1, results from
precipitation of the formed complex. The charge density on
the polyelectrolyte backbone is reduced at lower pH, re-
sulting in a reduced hydrophilicity of the formed complex
at similar ratios, and a decrease of its water solubility.

For the surfactants F-C12-Br, CN-C10-Br, and CN-C12-
Br precipitation above pH 5 7 is less serious. From Table 4
it can be seen that the λmax values obtained at pH 5 7.8
and 10.9 are very similar at both ratios. This means that the
polymers have a similar conformation at these pH values.
From the values in Table 4 it can also be deduced that the
surfactants with a C12 spacer bind more cooperatively than
those with a C10 spacer, because the λmax values at a 0.1:1
binding ratio are lower for the compounds with a C10
spacer. This is in line with the results obtained for the pre- Figure 7. Change in absorption maximum of CN-C10-Br upon ad-
viously discussed Cn acid polyelectrolytes. Also the surfac- dition to C12 sulfonate at pH 5 3.9 (a), 7.8 (b) and 11.1 (c)
tants with a fluoroazobenzoxy chromophore bind more co-

An increase in spacer length from 10 to 12 methyleneoperatively than the compounds with a cyanoazobenzoxy
units of the surfactant results in a significant increase inchromophore, because for these compounds most of the
cooperativity of binding, which is clear from a lower ab-change in λmax has already taken place at a binding ratio of
sorption maximum of X-C12-Br after the first addition of0.1:1. For the most apolar surfactant F-C12-Br essentially
surfactant (see Table 5). When the data for binding of F-cooperative binding to C6 sulfonate is found.
C12-Br and CN-C12-Br to C12 sulfonate are compared it is
also seen that the fluoroazobenzoxy substituted surfactantsTable 4. UV absorption maxima (in nm) of X-Cn-Br in pure water
bind more cooperatively than the cyanoazobenzoxy substi-and in the presence of C6 sulfonate at various surfactant to re-

peating unit ratios at pH 5 7.8 and 10.9 tuted surfactant. From the experiments with the sulfonate
containing polyelectrolytes we see that above neutral pH

pH 5 7.8 pH 5 10.9 the binding is not influenced by the pH. This seems logicalSurfactant H2O Ratio 0.1:1 Ratio 0.9:1 Ratio 0.1:1 Ratio 0.9:1
since the polyelectrolytes contain enough charges above
neutral pH to be in an extended open conformation.CN-C10-Br 361 352 338 346 341

CN-C12-Br 360 348 344 345 342
F-C10-Br 349 336 331 [a] 338 330 Table 5. UV absorption maxima (in nm) of X-Cn-Br in pure water
F-C12-Br 347 334 336 335 333 and in the presence of C12 sulfonate at various surfactant to re-

peating unit ratios at pH 5 7.8 and 10.9
[a] Ratio 0.7:1.

pH 5 7.8 pH 5 10.9
Surfactant H2O Ratio 0.1:1 Ratio 0.9:1 Ratio 0.1:1 Ratio 0.9:1

The binding of the surfactant molecules to C6 sulfonate
is less cooperative than binding to C4 acid, but more coop- CN-C10-Br 361 362 337 361 341

CN-C12-Br 360 352 340 352 343erative than to C12 acid, which forms microdomains at all
F-C10-Br 349 346 333 346 333pH values studied. Due to the presence of the sulfonic acid F-C12-Br 347 336 338 336 333

groups polymer C6 sulfonate is more water soluble than C6
acid. The sulfonic acid group also affects the polyelectrolyte

When the data of Tables 4 and 5 are compared it is seenconformation and the microdomains of C6 sulfonate are
that C12 sulfonate induces stronger noncooperative bindingtherefore expected to be more open than those of C6 acid.
of the surfactants than C6 sulfonate. This agrees well withIn contrast to C6 acid, the degree of deprotonation of C6
what can be expected. When the λmax values of the surfac-sulfonate above neutral pH does not change much, therefore
tants at a 0.9:1 ratio are compared for the different poly-essentially the same results are obtained for surfactant
mers at different pH values it is seen that the values for thebinding at pH values of 7.8 and 10.9.
Cn sulfonates at pH 5 7.8 and 10.9 and the Cn acids at
pH 5 10.9 are very similar: about 332 nm for the fluoro
group containing surfactants and 345 nm for the cyano

C12 Sulfonate 2 X-Cn-Br group containing surfactants, indicating that the final ag-
gregates are very similar. The Cn acids at pH 5 7.8 give
much lower values at a 0.9:1 ratio of the surfactants: aboutFrom Figure 7 it is clearly seen that CN-C10-Br binds

noncooperatively to C12 sulfonate at all pH values studied. 325 nm and 337 nm for the fluoro and cyano surfactants,
respectively. This indicates a better ordering of the chromo-At a 0.1:1 surfactant to repeating unit ratio the absorption

maximum of the cyanoazobenzoxy groups is 362 nm. Upon phores in the aggregates due to the more compact confor-
mation of these polymers at pH 5 7.8.increasing the surfactant concentration the absorption

Eur. J. Org. Chem. 1999, 3052312 309



E. J. R. Sudhölter et al.FULL PAPER
I-6 2 X-Cn-Br

In previous papers the formation of microdomains by
polyelectrolytes I-n and II-n was discussed.[7,9] By de-
termining the λmax of their pendant chromophores it was
shown that both series of polymers form compact microdo-
mains in aqueous solution at low pH values. Upon increas-
ing the pH the microdomains become more open as re-
flected by the partial loss of chromophore aggregation. In
the previous section it was shown that the compactness of
the microdomains plays an important role in the interaction
with surfactants.

Figure 9. Change in absorption maximum of the (cyanobiphenyl-The use of different chromophores on a polyelectrolyte
yl)oxy chromophores of I-6 upon titration with CN-C12-Br at

and surfactant can provide valuable information on the in- pH 5 7.6 (a) and 10.6 (b)
teractions between these components. The monomerically
dispersed (cyanobiphenylyl)oxy chromophores have their
absorption maximum at 292 nm in water. The absorption
maximum of the (cyanobiphenylyl)oxy chromophores of I-
6 at pH 5 7.6 is 280 nm. The blue shift of the absorption
maximum shows that this polyelectrolyte forms microdo-
mains at this pH. From Figure 8 the gradual loss of π-
π stacking interactions between the (cyanobiphenylyl)oxy
chromophores upon titration with CN-C12-Br can be
seen. [20] Simultaneously, the cyanoazobenzoxy chromo-
phores seem to aggregate as can be seen from the blue shift
of the absorption maximum of these chromophores.

Figure 10. Change in absorption maximum of the cyanoazobenz-
oxy chromophores of CN-C12-Br upon addition to I-6 at pH 5
7.6 (a) and 10.6 (b)

individual surfactant molecules in the apolar microdomains
and binding of surfactant molecules in close proximity of
each other (cooperative binding). The first factor will cause
an increase in λmax, whereas the second will increase the
interactions between the surfactant chromophores and
cause a decrease in λmax. Together these two effects deter-Figure 8. UV absorption spectra of I-6 upon addition of CN-C12-
mine the overall absorption maximum of these chromo-Br at pH 5 7.6; ratio surfactant/repeating unit 0:1 (a), 0.1:1 (b)

and 1:1 (c) phores.
In Table 6 the absorption maxima of the (cyanobiphenyl-

yl)oxy chromophores of I-6 and the azobenzene chromo-Figures 9 and 10 display the shifts in absorption maxima
phores of X-Cn-Br are displayed at various surfactant tomore clearly. The aggregation between the (cyanobiphenyl-
repeating unit ratios and two pH values.yl)oxy units of the polyelectrolyte is largely lost upon inter-

action with CN-C12-Br. The surfactant molecules penetrate
between the polyelectrolyte side chains disrupting the π-π
stacking interactions. The cyanoazobenzoxy chromophores I-12 2 X-Cn-Br
of the surfactant initially show a red shift as compared to
the absorption maximum of the monomeric compound. In Table 7 the UV absorption maxima of the (cyanobi-
This solvatochromic shift is due to the burial of individual phenylyl)oxy units of I-12 and the azobenzene chromo-
surfactant molecules in the apolar polyelectrolyte microdo- phores of X-Cn-Br are presented. For these systems a grad-
mains. ual shift in absorption maximum for both the (cyanobi-

phenylyl)oxy and azobenzene units is found, indicative forIn binding of surfactants to polyelectrolyte microdo-
mains, a delicate balance exists between the solvation of noncooperative binding.
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Table 6. UV absorption maxima (in nm) of the (cyanobiphenyl)oxy indicates noncooperative interaction between the polyelec-
chromophores of I-6 (CB) and the azobenzene chromophores of trolyte microdomains and surfactant molecules. The surfac-
X-Cn-Br (AB) at various surfactant to polymer repeating unit ra-

tants are initially solvated within the microdomains formedtios and at various pH values
by the polyelectrolytes II-n resulting in a small red shift of

CB AB the azobenzoxy absorption maxima (not shown). Increasing
Surfactant pH Ratio 0.1:1 Ratio 1:1 Ratio 0.1:1 Ratio 1:1 the surfactant concentration results in a decrease of the ab-

sorption maxima of these surfactants due to chromophore
CN-C10-Br 7.8 282 289 373 356 aggregation. Based on the observed changes in the absorp-10.7 283 296 379 360
CN-C12-Br 7.6 283 292 367 354 tion spectra the formation of mixed micelles is also pro-

10.6 283 296 379 365 posed for the II-n2X-Cn-Br systems.
F-C10-Br 7.8 282 284 355 350

10.7 282 293 356 351
F-C12-Br 7.6 284 287 351 348

10.3 284 293 355 353 Conclusions

The interactions between chromophore-labelled surfac-
Table 7. UV absorption maxima (in nm) of the (cyanobiphenylyl)- tants and oppositely charged polyelectrolytes can be probed
oxy chromophores of I-12 (CB) and the azobenzene chromophores with UV/VIS spectroscopy.of X-Cn-Br (AB) at various surfactant to polymer repeating unit

The short-chained polyelectrolyte C4 acid, which is in itsratios and at various pH values
extended conformation at pH > 3 and does not form micro-

CB AB domains at the pH values used, shows cooperative binding
Surfactant pH Ratio 0.1:1 Ratio 1:1 Ratio 0.1:1 Ratio 1:1 with the azobenzene labelled surfactants. The surfactant

molecules form micelle-like aggregates which are sur-
CN-C10-Br 7.5 278 283 368 353

rounded by the polyelectrolyte chains.10.7 281 290 373 364
CN-C12-Br 7.7 281 287 361 351 Upon increasing the polymer side chain length from 4

10.7 281 291 372 362 to 6 to 12 methylene units the surfactant binding becomesF-C10-Br 7.5 278 287 352 347
increasingly less cooperative. This is due to the formation10.7 281 292 355 350

F-C12-Br 7.7 282 287 of microdomains by C6 acid and C12 acid. In these cases
10.4 281 289 352 348 the formation of mixed micelles is assumed upon binding

of surfactants.
Deprotonation of the Cn-acid polymers at high pH re-For both systems with chromophores in both polyelectro-

sults in a more extended conformation of the backbone andlyte and surfactant an increase in the absorption maximum
after binding of surfactants a smaller shift in absorptionof the (cyanobiphenylyl)oxy chromophores is observed.
maximum is observed than at neutral pH. This pH depend-Simultaneously, the absorption maximum of the azoben-
ence is not found for the Cn sulfonates, where the situationzene chromophores is seen to decrease. All azobenzene sur-
after binding of the surfactants is similar at neutral andfactants show a red shift of their absorption maxima at a
high pH and similar to the situation for Cn acids at high0.1:1 surfactant to polyelectrolyte repeating unit ratio. This
pH. Binding of surfactants to the Cn sulfonates occurs withsolvatochromic shift is larger at higher pH due to the more
a varying degree of cooperation. It was found that a higheropen microdomain structure which makes them more pen-
degree of cooperation was obtained for the more apolaretrable. The solvatochromic shifts are also larger for poly-
surfactants i.e. with a longer spacer and a fluoro end groupmers I-6 than for I-12, probably for the same reasons.
instead of a cyano end group. A higher cooperativity is fa-At a 1:1 ratio it is seen that aggregation of the cyanobi-
voured for polyelectrolytes with a shorter spacer, dependingphenylyloxy chromophores is almost completely lost and
on their ability to form apolar microdomains by themselves.that only some aggregation of the azobenzoxy chromo-

Polymers I-n and II-n also form microdomains in aque-phores has occured. This seems to indicate the formation
ous solution. The binding of azobenzoxy-labelled surfac-of mixed micelle-like aggregates with a small degree of clus-
tants to these polymers is strongly noncooperative andtering of the chromophores. At high pH the aggregation of
mixed micelles are formed in which the surfactants and/orthe chromophores is decreased. This is seen in both the λmax the polyelectrolyte side chains can show some aggregation.values of the cyanobiphenylyloxy and the azobenzoxy chro-

mophores, which are both higher at high pH. This is in
agreement with a more open microdomain structure of the Experimental Section
polyelectrolytes at high pH.

General: UV spectra were recorded with a Perkin-Elmer LambdaFor both I-6 and I-12 the alkyl spacer length and the end
18 UV/VIS spectrophotometer, which was thermostatted at 25 ±group of the surfactants have only a small influence on the
0.1°C. Aqueous solutions of Cn acid and I-n were prepared by

interaction between polyelectrolyte and surfactant. addition of a solution of 5.0 mg of dry polymer in 2 mL of THF
Although polyelectrolytes II-n have a more open confor- to water at pH 5 12 (final volume of 10 mL). Subsequently, the

mation than I-n at equal pH values the effect of surfactants THF was removed by stirring under a nitrogen flow. Solutions of
is similar. [9] As for I-n a small, gradual increase in λmax of Cn sulfonate and II-n were prepared by dissolving 5.0 mg of dry

polymer in 10 mL of water at pH 5 12. For the UV experimentsthe (cyanobiphenylyl)oxy chromophores is observed which
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