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Light-harvesting organisms employ photosystems to collect and
harness light energy. Photosystems use hundreds of chromophores
arranged in an energy gradient to move absorbed energy unidi-
rectionally toward the reaction centend the efficiency provided
by this directional energy transfer has inspired intensive investiga-
tion.2 Our group has utilized energy transport within conjugated

polymer (CP) films to create highly sensitive chemosen3ors. CONGiltin: - O
Initially, we investigated the signal enhancement observed when O — Q — 5
multiple binding sites are linked together via a conjugated "
backboné. This first-generation system featured a dilute solution donean O o) O

of CP and relied on energy migrating along a single polymer

chain. W'.thm.t?'n fl:ms, the ponn:ers ;alect_lr_(r)]nlcally couplte, f layer conjugated polymer film where the films have decreasing band gaps
encouraging Interpolymer energy transter. € movement O moving from the bottom to the top. Polymér(abs./em. max 390/424

energy between the CPs in three dimensions allows the film’s nm) overlaps witt (abs./em. max 430/465 nm) which overlaps wath
luminescence to be more strongly quenched by energy traps SUC'Iabs./em. max. 495/514 nm).

as TNT® Further investigation of the energy movement within
CP thin films revealed that transfer of energy was distance- ;_ss
dependent and was limited to films 16 polymer layers thiek§
nm)8

The zdirectional (film thickness) limitation observed in our
previous work was confined to a film composed of 16 layers of
2. Herein, we present a striated multipolymer system, which ,pinnilic thus allowing manipulation at the awater interfacé?
utilizes directional energy transfer to overcome théirection Multilayer films of 2 (4-, 8-, 16-, 24-, and 32-layers) were
limitation. This system is analogous to the antenna complex in ¢, icated by the Langmt;frrBI’odge,tt (Li3) method? An LB
that it encourages maximum-fSter energy transfer in one o0 javer o3 was deposited on top of each multilayer film. As
direction (Figure 1J. Three polyp-phenylene ethynylene)s with .5 1o seen in Figure 2 efficient energy transfer occurs between
tailored absorption and emissidna«were synthesized. Polymers 5 and 3. The emission intensity o8 (ex. 420 nm) gradually

Figure 1. Energy is preferentially focused to the surface of a three-

(Figure 1) were designed to have large spectral overlap
between a donor emission and an acceptor absorption ranging
from the blue {) to the red 8).° The excellent spectral overlap
encourages energy transfer frdno 2 and from2 to 3. Polymers

2 and 3 were also designed to be nonaggregdfirend am-

# Department of Chemistry. o increases up to 16 !ayers af Above 16 layers the inprease in
" Department of Materials Science and Engineering and the Center for fluorescence intensity levels off, clearly demonstrating the 16-
Materials Science and Engineering. layer limitation previously observeédThe acceptor-independent
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Figure 2. Comparison of photoluminescence (ex. 420 nm) of two 24-
layer films, in one casea() a monolayer o8 is placed atop 24 layers of
2 and in the second cas®) a monolayer oB is sandwiched between 8 350 400 450 500 550 600 650

and 16 layers of. Wavelength

singlet-singlet annihilation), quenching sites created by the Figure 3. (A) Absorption and emission (ex. 390 nr# ex. 490 nm)
interfaces between the polymer layers, or the change in dielectricspectra for a film of spin-coateli 16 LB layers of2, and a LB monolayer
surroundingB. of 3. (B) Absorbance and emission spectra (ex. 390 nm) of spin-coated
To overcome the distance limitation and still retain the red layer Mixtures ofl and2 topped with a LB monolayer & where the thickness
as the top layer, we created films starting with the shortest- of the spin-coated layer is var_led.Th(_e emission represgnted by the middle
wavelength polymerl, spin-cast on a glass substr&te®n top _spe(_:traQ) emanates from a film of similar optical density as that shown
of the spin-cast film ofl, 16 LB layers of2 were coated, and in Figure 3A.
finally a monolayer of3, providing a film where the band gap
decreases directionally from the substrate to the polyrair
interface. The UV-vis spectra of the three-component film and
the emission spectra (ex. 390 and 490 nm) are presented in Figur

3A. o . (Figure 3A) were compared and striated films (Figure 3A) showed
Excitation of the three-component film at 390 ni4 of 1) _.,_significantly higher emission fror8. The 3/2ratio for the striated
results in an emission spectrum consisting of three peaks; the,ng mixed films with identical optical densities at the excitation

small peaks at 423 and 465 nm are attributed to emission from 4elength were 2.0 and 1.3, respectively. These data indicate
and2, respectively The third and most intense peak at 512 N 4t the multilayered structure provides much better directional

is a result of energy transfer frofhand?2 to 3 and subsequent energy transfer to the monolayer 8f The amount of in the
emission from3. The observation that most of the energy is mixed film is less than in the striated film. However, the
transferred fron through 16 layers o2 to 3 demonstrates that  recentage of energy transfer from fewer than 16 layei tof
energy can be efficiently moved in thedirection, thereby 55 emissive trap was found to be larger in our previous stédies,
concentrating the energy at the fitmir interface, which has 51 striated films with smaller amounts fvould only lead to
significant implications for a turn-on sensor desigifrigure 3A yet higher3/2 emission ratios.
also shows a spectrum from direct excitation of poly@et 490 We have demonstrated that energy can be preferentially
nm. This results in a peak at 512 nm of much lower fluorescence ansferred to the surface of a thin film by utilizing CP layers of
intensity than the peak resulting from excitation at 390 nm. The sequentially decreasing band gap. We have also provided two
difference in fluorescence intensity is directly proportional to the design manifolds to overcome the 16-layer energy transfer
difference in optical density at 390 nm versus 490 nm, again jimjtation. We are currently exploring the use of more than three
confirming the efficiency of energy transfer. , layers; however, comparing t/82 emission ratios from Figure
The importance of the layer structure was investigated by 5 3nd Figure 3A clearly illustrates that as the number of layers
placing an LB monolayer 08 atop spin-coated mixtures df increases the ratio decreases. These data indicate that the interfaces
and2 of varing thickness. The ratio of the emission franex. created between layers introduce energy traps. We are currently
390 nm, em. 465 nm) to the emission fr@rex. 390 nm, em. iy estigating methods for blending the interfaces to decrease the

512 nm) was used to assess transfer efficiency. As illustrated in 455 a5 well as using the exceptional light-harvesting capabilities
Figure 3B, the thickest film has &2 emission ratio of 0.9, the ¢ 5. well-defined films in thin film sensors.

intermediate thickness has a ratio of 1.3, and the thinest film has
a ratio of 1.7. These ratios indicate that as the film thickness
increases the bottom layers cannot effectively transfer energy to
§he uppermost layer. Films of mixed (Figure 3B) and striated
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