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Prospects for the Polymer 
Nanoengineer 

T he ongoing quest for new materials 
based on conjugated polymers is 
driven by two goals: to understand 

their intrinsic properties and to improve 
the performance of organic optoelectronic 
devices. Theoretical and experimental 
studies of the photophysics of conjugated 
polymers often assume an infinite defect- 
free quasi-one-dimensional chain or an or- 
dered chain arrangement with predictable 
interchain interactions. But the morpholo- 
gies of conjugated polymer films are much 
more complex, with twists and bends on 
individual chains that reduce the effective 
conjugation lengths considerably from 
those expected on the basis of molecular 
weight analyses. Real materials therefore 
have a distribution of conjugation lengths, 
which in most cases peaks at a modest 
conjugation length. The coiled nature of 
the chains and the cross-linking between 
them lead to interchain interactions that 
further modify charge and energy transfer. 

To improve the photoluminescence or 
electroluminescence quantum yields of 
devices using conjugated polymers, 
charge and energy transfer must therefore 
be controlled in the bulk system. This is a 
formidable task, requiring the design of 
ingenious architectures with desirable 
chain ordering and separations by self-as- 
sembly and/or nanoengineering. On page 
652 of this issue, Nguyen et al. (1) control 
energy transfer in a nanoengineered con- 
jugated polymer, poly[2-methoxy-5-(2'- 
ethyl-hexy1oxy)- 1,Cphenylene vinylene] 
(MEH-PPV), by using host-guest chem- 
istry in an oriented mesoporous host (2). 
The mesoporous silica host has aligned 
pores that are hexagonally ordered. Since 
their discovery (3), these host materials 
have been used to design a variety of 
nanoscale materials by incorporating var- 
ious guest systems into the pores. The 
materials used by Nguyen et al. have pore 
diameters of 2.2 nrn, small enough for a 
single MEH-PPV chain to be incorporat- 
ed into each pore. Furthermore, individual 
chains are isolated from each other bv a 
thick dielectric that precludes energy trks- 
port between the chains (2). 

From polarized photoluminescence 
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anisotro~v initiallv decays in ultrafast 
time (wiihin about-1 ps), but this is fol- 
lowed by a relatively slow exponential 
rise (with a time constant of about 250 
ps). The initial fast decay of the aniso- 
tropy results from interchain energy 
transfer between the polymer segments 

~zumdar outside the pores, whose ;andom Gents- 
tions lead to the loss of polarization mem- 
ory. The subsequent growth in aniso- 

to luminescence 
from the oriented segments in- 

the pores, indicating di- 
rected energy transfer from 
the segments outside the 
pores to the segments inside, 
with the latter having larger 
conjugation lengths and small- 
er optical gaps. 

In addition to demonstrating 
controlled energy transfer, Nguyen 

et al.'s results are important for a second 
reason. The large difference in the time 
scales for intra- and interchain energy 
transfer indicates that interchain energy 
transfer is a much slower process. This is 
in sharp contrast to carrier transport, for 
which intrachain mobility is l a m  than in- 

Energy transfer processes in nanoengi- 
neered MEH-PPV. Single polymer chains are 
incorporated in individual silica pores. Optical 
excitation polarized parallel to the pores leads 
initially to rapid energy transfer between chain 
segments that are outside the pores (A). At lat- 
er times this is followed by relatively slow, di- 
rected intrachain migrations of the excitons in- 
to the pores (B). 

measurements and from the distribution of 
pore angles measured with x-ray diffrac- 
tion, Wu et al. concluded previously that 
more than 80% of the polymer chains are 
inside the aligned pores, with the remain- 
ing ones staying outside the pores (2). The 
photophysics of the chains inside the 
pores should mimic the behavior of isolat- 
ed chains, as confirmed in careful mea- 
surements of the dynamics of polarized 
excited state absorptions by femtosecond 
pump-probe spectroscopy (1). The dynam- 
ics of the states reached by excited state 
absorption of the polymer chains inside 
the pores follow that of highly excited iso- 
lated chains in solution. In contrast, the 
excited states of the polymer chains out- 
side the pores mirror the behavior of spin- 
cast thin films. 

Nguyen et al. also demonstrate con- 
trolled energy transfer by using time-re- 
solved luminescence studies to measure 
the time-dependent luminescence aniso- 
tropy, which is the difference in intensity 
between light emitted parallel and perpen- 
dicular to the silica Dores when the excita- 
tion laser is polarized along the pores. The 

terchain mobility by sev&l orders of mag- 
nitude (4). This difference between charge 
and energy transfer on a single chain is in 
agreement with calculations of model con- 
jugated polymers that incorporate the elec- 
tron-electron interaction between the n 
electrons. The lowest optical state within 
these models is an exciton, an electron- 
hole pair that, being a composite particle, 
has a considerably smaller bandwidth than 
the carrier bandwidth (5). Energy transfer 
due to dipole-dipole coupling is largely in- 
effective between segments of the same 
chain with a kink or twist, and a single 
kink can therefore severely reduce the ex- 
citon motion along a chain. 

Nguyen et al. thus clearly demonstrate 
isolated chain behavior inside the silica 
pores and conformation-driven energy 
transfer. Their study shows that measure- 
ments of luminescence polarization memo- 
ry provide a powerful technique to deduce 
energy transfer in conjugated polymers. 
Nguyen et al.'~ system can be considered a 
periodic array of molecular wires, and 
there is currently great interest in molecu- 
lar electronics and optoelectronics of such 
systems (6). In particular, molecular wires 
consisting of simple conjugated polymers 
can perhaps serve as simple models for 
more complicated systems such as DNA 
molecules and conductive nanowires (6). 

Device applications using such nano- 
engineered polymers will, however, have 
to overcome additional challenges. Fast 
intrachain camer transport and slow ener- 
gy transfer may have disadvantages in 
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light-emitting diodes, in which a dominant 
mechanism of exciton quenching involves 
polaron-exciton collision processes (7); 

ence between ultrafast photoinduced ab- 
sorptions in solutions and in thin films of 
PPV (8, 9) are yet to be understood. Fur- 
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PERSPECTIVES :  N E U R O B I O L O G Y  
The PD model in the h i t  fly developed 

Of Flies and Mice 	 by Feany and Bender (5) reproduces many 
features of the human disease. Exmession of 
the human gene encoding wild-type a-synu- 

Valina 1.Dawson 	 clein or transgenes engineered to carry the 

P
arkinson's disease (PD) was first de- substantia nigra pars compacta. An esti- A53T or A30P mutations results in an age- 
scribed 180 years ago yet the cellular mated 60 to 80% of dopamine neurons are dependent loss of dopamine neurons in the 
mechanisms that cause a select group lost before characteristic clinical signs of fly, starting at mid-life. The loss of doparnine 

of dopamine neurons to die, resulting in PD become manifest (7). Accompanying neurons is restricted to the nervous system 
this common neurodegenerative disorder, neuronal loss is the formation of inclusions and not all dopamine neurons are lost, remi- 
are unknown. Identification of mutations in in the cytoplasm of neuronal cell bodies niscent of the human disease in which 
the proteins a-synuclein, parkin, and the (Lewy bodies) or in the extensions of neu- dopamine neurons in the substantia nigra 
ubiquitin hydrolase UCH-Ll, in patients rons (Lewy neurites). These are spherical, die, but those in the ventral tegmental area 
with the rare inherited forms of PD, has dense cytoplasmic inclusions with a pale are spared. Structural analysis reveals neu- 
yielded opportunities to understand the halo (first described by Lewy in 1912) that ronal cytoplasmic inclusions that have a 
pathogenesis of this insidious disease contain predominantly a-synuclein but al- dense core with radiating filaments and a ha- 
through modern molecular approaches (I, so ubiquitin and other proteins (6, 7). lo reminiscent of Lewy bodies in humans. 
2). Animals engineered to express human Lewy bodies are found in other neurode- This pathology is not seen in normal aged 
genes linked to Alzheimer's disease, amy- generative disorders but generally are con- flies. The flies express a progressive, age-de- 
otrophic lateral sclerosis, and Huntington's sidered to be a defining pathological fea- pendent loss of motor function as measured 
disease have already provided valuable ture of PD in conjunction with loss of by climbing activity in all three lines of 
mechanistic insights into the pathogenesis dopamine neurons (8). transgenic flies, but loss of climbing activity 
of these dreaded diseases and are present- 
ing exciting treatment possibilities for pa- 
tients (3).Two recent papers now report on 9 71the first PD animal models in the fly and " #$, - d I+-r&-1' 

the mouse, which have some but not all of I 
the cardinal features of PD. Masliah et al. tiurnan i Mouse 1 

*..4. 
FIY i 

(4)  describe transgenic mice that Overex-
press human wild-type a-synuclein, where- 

Age-dependent onset with 
chronic progression 

Age-dependent onset- 
unknown 

Age-dependent Onset 
with chronic progression 

as Feany and Bender (5) have engineered 
transgenic fruit flies to overexpress either Inclusions get larger with age 

human a-synuclein Or a form of
the protein that carries the PD mutations 

Dopamine neuronal cell loss 
in select brain regions 

Dopamine neuronal cell 
injury 

Dopamine neuronal 
cell loss 

A53T (substitution of alanine at position 53 
by threonine) or A30P (substitution of ala- 
nine at position 30 by proline). 

PD is a movement disorder character- 

Lewy bodies (cytoplasmic 
inclusions containing a- 
synuclein and ubiqu~tin with a 
core and radiating fibrils) 

Cytoplasmic inclusions 
(containing a-synuclein and 
some ubiquitin without fibrils); 
nuclear inclusions 

Cytoplasmic inclusions 
(containing a-synuclein 
with fibrils; ubiquitin not 
determined) 

ized by rigidity, tremor, slowed movement, 
and impaired gait and in some cases by im- deficits Motor deficits Motor deficits 

paired memory and cognitive dysfunction Mitochondria1 complex 1 Unknown Unknown 
(6). The hallmark pathological feature is deficits 
the progressive degeneration of dopamine 
neurons in an area of the brain called the Increased markers of 

oxidative stress 
Unknown Unknown 
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