
Tuning the Properties of Conjugated Polyelectrolytes
through Surfactant Complexation

Liaohai Chen,*,‡ Su Xu,‡ Duncan McBranch,† and
David Whitten*,†

Bioscience DiVision and
Chemical Science and Technology DiVision

Los Alamos National Laboratory
Los Alamos, New Mexico 87545

QTL Biosystems, LLC, Santa Fe, New Mexico 87501

ReceiVed April 10, 2000

Conjugated polymers related to poly(phenylene vinylene) (PPV)
have been widely recognized as versatile “electronic materials”
for applications ranging from light-emitting diodes (LEDs) to
separations.1-5 Major effort has been focused on determining the
relationship between polymer chemical structure and conformation
and the corresponding physical and chemical properties. A popular
research theme has focused on tuning polymer properties by
rational design and synthesis at the level of the conjugated repeat
unit. For example, the emission wavelength and fluorescence
quantum efficiency may be tuned by changing the chemical
structure of the unit cell (tuning of theπ-electron density)6 as
well as constructing unit cells with varying degrees of rigidity.7

The former has been utilized to vary theπ-electron band over
the entire visible range to obtain variable-color LEDs. The latter
provides additional tuning over some 100 nm (e.g. regioregular
vs regiorandom polythiophene), and also impacts bulk properties
such as conductivity and fluorescence quantum efficiency (QE).
These approaches often involve formidable synthetic efforts.
Hence, a simple technique to tune polymer properties without
synthesizing new chemical structures is extremely desirable.

Charged polymers (polyelectrolytes) can form stable complexes
with oppositely charged amphiphilic molecules (surfactants), and
the polymer-surfactant complex may have a very different
geometric conformation than the free polymer.8-12 Previous
studies with conjugated polymers and surfactants have focused
on the use of surfactant to aid in processing of polyaniline
derivatives.13-21 We demonstrate that by combining conjugated
polyelectrolytes with appropriate surfactants, one may control the
geometric conformation of the polymer, and thereby tune its
optical and chemical properties. Specifically, we report complexes
between the anionic polymer poly(2,5-methoxy-propyloxysul-
fonate phenylene vinylene) (MPS-PPV) and a series of cationic
surfactants. Remarkably, the fluorescence quantum yield of MPS-

PPV is enhanced by more than an order of magnitude simply by
adding a small amount of the surfactant dodecyltrimethylammo-
nium bromide (DTA).

MPS-PPV is a water-soluble conjugated polymer, with mo-
lecular weight estimated to be (1-5) × 105 (∼1000 monomer
repeat units per polymer chain). The synthesis of MPS-PPV was
carried out using the Gilch polymerization procedure.22 The
absorption spectrum of MPS-PPV shows a broad band at 400-
550 nm (typical for substituted PPV polymers). The emission
spectra of MPS-PPV in waters are strongly dependent on the
excitation wavelength. An emission maximum is observed at 500
nm, when exciting at 400 nm, while excitation at 500 nm results
in an emission maximum shifted to∼590 nm. A similar trend is
observed in the excitation spectra, in which maxima are observed
at 380 or 425 nm when monitored at 500 or 589 nm, respectively.
This site-selective fluorescence is a signature of a heterogeneous
distribution of independent emitters. It is well-known that the
absorption and emission maxima may be red-shifted by increasing
the conjugation length (the effective range ofπ-electron delo-
calization, which is approximately 10-15 unit cells).23 The results
indicate a broad distribution of conjugation lengths for MPS-PPV
in solution. This is expected if the polymer chains have a
distribution of chain conformations or molecular weight. The
changes observed when surfactant is added show that chain
conformational disorder is the dominant cause of the variation
of spectra in Figure 1.1.

Upon adding the cationic detergent DTA (2× 10-6 M) to an
aqueous MPS-PPV solution (2.2× 10-5 M in repeat units), the
photophysical properties of MPS-PPV change dramatically. The
emission spectrum of the polymer/surfactant complex (Figure 2)
shows well-defined vibrational structure with a maximum at 563
nm, while the absorption spectrum is narrowed and red-shifted
(inset, Figure 2). More strikingly, the fluorescence of the
polymer-surfactant mixture is much stronger than that for the
polymer alone: the QE of the polymer is increased approximately
20-fold upon addition of the surfactant (sample excited at 500
nm). Furthermore, the emission spectra are now wavelength-
independent (Figure 1-II). Time-resolved photoluminescence (PL)
reveals that the fluorescence decay kinetics are described by single
exponential decay with a lifetime of 1.2 ps. This contrasts to the
fluorescence for the polymer solution alone where the early
fluorescence decay is dominated by double exponential compo-
nents with lifetimes of 0.2 and 2.4 ps, respectively. This suggests
that nonradiative decay pathways in the polymer are eliminated.

The complexation between the polymer and oppositely charged
detergent is believed to be driven by a combination of Coulombic
attraction between the ionic units of the polyion and the cationic
surfactant headgroups, and by favorable entropy changes resulting
from release of interfacial water molecules.8 This serves to extend
the MPS-PPV chains, inhibiting the folding of the polymer chains,
reducing the conformational disorder, and increasing the QE. The

* Address correspondence to this author.
‡ Los Alamos National Laboratory.
† QTL Biosystems.
(1) Skotheim, T.; Elsenbaumer, R. L.; Reynolds, J. R., Eds.Handbook of

Conducting Polymers; Marcel Dekker: New York, 1998.
(2) Sirringhaus, H.; Tessler, N.; Friend, R. H.Science1998, 280, 1741.
(3) Otero, T. F.; Sansinena, J. M.Bioelectrochem. Bioenerg. 1995, 38, 411.
(4) Anderson, M. R.; Mattes, B. R.; Reiss, H.; Kaner, R. B.Science1991,

252, 1412.
(5) Burroughes, J. H.; Bradley, D. D. C.; Brown, A. R.; Marks, R. N.;

Mackay, K.; Friend, R. H.; Burns, P. L.; Holmes, A. B.Nature1990, 347,
539.

(6) Samuel, I. D. W.; Rumbles, G.; Collison, C. J.; Moratti, S. C.; Holmes,
A. B. Chem. Phys.1998, 227, 75.

(7) Knupfer, M.; Fink, J.; Zojer, E.; Leising, G.; Scherf, U.; Mullen, K.
Phys. ReV. B 1998, 57, R4202.

(8) MacKnight, W. J.; Ponomarenko, E. A.; Tirrell, D. A.Acc. Chem. Res.
1998, 31 (12), 781-788.

(9) Kabanov, A. V.; Bronich, T. K.; Kabanov, V. A.; Yu, K.; Eisenberg,
A. J. Am. Chem. Soc. 1998, 120 (38), 9941-9942.

(10) Kuhn, Paulo S.; Levin, Yan; Barbosa, Marcia C.Chem. Phys. Lett.
1998, 298(1-3), 51-56.

(11) Thuenemann, A. F.AdV. Mater. (Weinheim, Ger.)1999, 11(2), 127-
130.

(12) Faiid, K.; Leclerc M.J. Am. Chem. Soc.1998, 120, 3274.

(13) However, Faiid and Leclerc12 have reported remarkable changes in
the absorption spectrum of a water-soluble polythiophene upon doping with
low molecular weight amines.

(14) Haba, Y.; Segal, E.; Narkis, M.; Titelman, G. I.; Siegmann, A.Synth.
Met. 2000, 110, 189-193.

(15) Su, S.-J.; Kuramoto, N.Synth. Met.2000, 108, 121-126.
(16) Liu, L.-M.; Levon, K.J. Appl. Polym. Sci.1999, 73, 2849-2856.
(17) Yamagashi, F. G.; Stanford, T. B.; Van Ast, C. I.; Miller, L. J.; Gilbert,

H. C. Proc. Electrochem. Soc.1997, 97-19, 103-108.
(18) Kim, M. S.; Levon, K.J. Colloid Interface Sci. 1997, 190, 17-36.
(19) Minto, C. D. G.; Vaughan, A. S.Synth. Met.1996, 81, 81-86.
(20) Zheng, W.-Y.; Wang, R.-H.; Levon, K.; Rong, Z. Y.; Taka, T.; Pan,

W. Macromol. Chem. Phys.1995, 196, 2443-62.
(21) Cao, Y.; Qiu, J.; Smith, P.Synth. Met.1995, 69, 187-90.
(22) Gilch, H. G.; Wheelwright, W. L.J. Polym. Sci. Part A: Polym. Chem.

1966, 4, 1337.
(23) Gettinger, C. L.; Heeger, A. J.; Drake, J. M.; Pine, D. J.J. Chem.

Phys. 1994, 101, 1673.

9302 J. Am. Chem. Soc.2000,122,9302-9303

10.1021/ja001248r CCC: $19.00 © 2000 American Chemical Society
Published on Web 09/07/2000



effect of increased QE by reduced chain folding is expected on
two grounds. First, it reduces the number of kink defects, which
can serve as trapping and nonradiative recombination sites.
Second, it frustrates the tendency of polymer chains to self-
associate (aggregate). Interchain interactions create sites for
interchain charge transfer reactions and excimer formation, which
strongly compete with radiative emission processes.24 The more
ordered and homogeneous conformation of the polymers in the
MPS-PPV/DTA complex is confirmed by the spectral features, a
narrowed and red-shifted absorption spectrum, together with a

well-defined vibronic structure in emission, a reduction of the
apparent offset between absorption and emission maxima (Stokes
shift), and a reduction of the dependence of emission spectrum
on excitation wavelength (site-selective fluorescence).

Even a small amount of the surfactant can dramatically enhance
the fluorescence properties of MPS-PPV. Curve A in Figure 3
illustrates the fluorescence intensity (excited at 500 nm and
monitored at 564 nm) as a function of added surfactant. Even at
a surfactant:polymer ratio as low as 1:100 (surfactant molecules
per repeat unit of the polymer), noticeable emission enhancement
is detected. The marked change at such low concentrations,
presumably due to a conformational change of the polymer,
suggests that the surfactant chains are oriented along the polymer
backbone to maximize their interaction. This is reasonable, since
such an arrangement can minimize the contact of the hydrophobic
aliphatic chains with water molecules.

The amplification effect saturates when the ratio reaches 1:3.25

This matches the result from a resonance light scattering (RLS)
experiment which shows that the size of the polymer-surfactant
complex increases with the surfactant:polymer ratio, until the ratio
reaches 1:3.26 Shorter chain surfactants (containing four and eight
carbons) were also studied, but they have smaller effects on the
polymer fluorescence compared to DTA (containing 12 carbons).
A longer chain surfactant (containing 18 carbons) was also
investigated; it also exhibits a smaller effect on the polymer
fluorescence than DTA, likely due to its poor solubility in water,
and its tendency to self-micellize.

The surfactant also markedly changes the quenching behavior
for methyl viologen (MV2+). The MPS-PPV/MV2+ system has
an extremely large quenching constant (Ksv ∼ 2 × 107 M-1) due
to a combination of ultrafast energy migration along the polymer
chain and the efficient complexation and charge-transfer quench-
ing between the polymer and MV2+.27 This has been used to
construct highly sensitive chemical and biological sensors. When
DTA is present in the polymer solution, as shown in curve B of
Figure 3, theKsv value for MV2+ decreased.Ksv for MPS-PPV/
MV2+ is depressed by more than 2 orders of magnitude at a
surfactant:polymer ratio of 1:10. This suggests that the surfac-
tantchains along the polymer backbone may be acting to both
extend the polymer and hinder association of MV2+ with the
polymer.

In conclusion, the interaction between conjugated polymers and
appropriate functionalized surfactants provides a simple yet
powerful way to tune the optical and electronic properties of these
materials. Given the employment of fluorescent conjugated
polymers in devices ranging from sensors to LED displays, which
depend on high stability and highest possible photoluminescence
efficiencies, these techniques may prove of broad application and
utility.
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Figure 1. The emission spectra of MPS-PPV in water ([MPS-PPV])
2.2× 10-5 M): (I) MPS-PPV alone and (II) in the presence of 6× 10-6

M DTA; (A) excited at 400 nm, (B) excited at 450 nm, (C) excited at
500 nm.

Figure 2. The emission spectra of MPS-PPV in water ([MPS-PPV])
2 × 10-5 M): (A) MPS-PPV alone and (B) in the presence of 2× 10-6

M DTA. Inset: Normalized absorption and emission spectra of MPS-
PPV in water.

Figure 3. (A) Fluorescence intensity (excited at 500 nm and monitored
at 564 nm) of MPS-PPV as a function of DTA concentration; (B)
quenching constant (Ksv) of methyl viologen (MV2+) to MPS-PPV as a
function of DTA concentration.
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