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Spectroscopy of Discrete Vertically Oriented Single-

Crystals of N-Type Tetraazaterrylene: Understanding 

the Role of Defects in Molecular Semiconductor 

Photovoltaics 

 
A.J. Wise,a Y. Zhang,b J. Fan,c F. Wudlc, A.L. Brisenob and M.D. Barnesa* 
  
Recent synthetic work has realized a novel (n-type) small-molecule acceptor, 7,8,15,16-Tetra-

aza-terrylene (TAT), single-crystals of which can be grown oriented along the c-axis 

crystallographic direction, and over-coated with pentacene to form a highly ordered 

donor/acceptor interface for use in organic photovoltaic devices.  However, characterization of 

single TAT crystals reveals highly variable emission spectra and excited state dynamics – 

properties which strongly influence photovoltaic performance.  Through the use of single-

crystal widefield imaging, photoluminescence spectroscopy, time correlated single photon 

counting, and resonant Raman studies, we conclude that this variability is a result of long-lived 

low-energy trap-emission from packing defects.  Interestingly, we also discovered that TAT 

crystals whose width exceeds ~200 nm begin acting as waveguides and optical microcavity 

resonators for their own photoluminescence.  Several strategies are proposed for leveraging the 

size-dependant optical properties of TAT pillars to further enhance device performance using 

this active layer design. 
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1.  Introduction 

 

As a result of their photo-stability and high fluorescence 

quantum yield, the Rylene family of dyes has attracted enormous 

interest in a variety of applications including fluorescent labeling in 

biological systems,1 light-emitting diodes (LED)2, transistors,3 and 

organic photovoltaic (OPV) applications,4,5 as well as a platform for 

probing fundamental photophysics associated with chromophore-

chromophore interactions.  Frontier orbital energy levels can be 

readily controlled by extending the molecule lengthwise or by 

addition of functional groups to the central ‘bay’ regions.6 Due to the 

facility with which they can be tuned, Rylenes are a natural basis for 

the formation of supramolecular structures,7 including donor 

acceptor dyads,8,9 dimers,10 trimers,11 and dendrimers12 with 

engineered structures and aggregate wave functions.  Terrylene 

diimide (TDI) has previously been investigated as an electron 

acceptor material for use in a P3HT/TDI photovoltaic blend.13 

However, as in other bulk heterojunction active layer designs, gross 

phase segregation appears to limit power conversion efficiency.  

This is often a difficulty with polymer/small molecule blends as 

annealing, even the small amount that occurs during drying after the 

initial film formation, can form a heterogeneous and difficult to 

characterize interface.  Imposition of desirable interface geometry, 
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whether by templating or controlled crystal growth, seeks to avoid 

the temperamental nature of the spontaneously formed bulk 

heterojunction interface. 

Recently, a nitrogen-substituted terrylene analogue, 

7,8,15,16-Tetraazaterrylene (TAT), has been synthesized,14 and 

subsequently used to form nanostructured photovoltaic active layers. 

TAT is of particular interest due to its ability to form high-density, 

vertically oriented nanopillars on graphene, which can be backfilled 

with an appropriate hole acceptor material to generate an ultra-high 

surface area, yet highly crystalline, heterojunction.  This architecture 

is predicted to become a target for several different synthetic 

approaches as a geometry for which charge separation and extraction 

is expected to be optimal,15 yet is only weakly approximated by 

traditional bulk heterojunctions formed by spinodal spontaneous de-

mixing.  We recently developed a technique for growing vertically 

oriented single crystals with tunable areal density via physical vapor 

deposition on a variety of substrates such as graphene, PEDOT, and 

other conventional electrode substrates.  

TAT crystals were prepared using a modified thermal 

deposition technique whereby vertically oriented single-crystal 

pillars grow from a graphene substrate.  Nanopillar dimensions are 

controlled by deposition rate and time; the full details of the growth 

process are discussed elsewhere.  Growth onto a graphene substrate 

followed by deposition of a pentacene donor layer results in a 

functional photovoltaic device, while growth of TAT nano- and 

micro-pillars on the inner wall of a quartz tube results in more 

heterogeneous crystals which can be used to understand crystal 

growth and photophysics in this material.  We used single-particle 

spectroscopy on isolated TAT nanopillars to investigate how size 

and morphology impacts optical properties relevant to OPV device 

performance.  With a combination of wavelength, time, and 

polarization resolved photoluminescence, we identify low energy 

states created by crystallographic packing defects as a loss 

mechanism that competes with exciton dissociation, and the 

competition between pristine excitonic and defect-related emission.  

Further, we observed the spectroscopic signatures of optical 

microcavity resonance and waveguiding from the pillar end facets in 

larger (diameter �λPL/2) TAT pillars.  

 

2.  Experimental Details 

 

2.1 Optical measurements:   

Absorption spectra of thin films were recorded on a 

Shimadzu UV-3600.  Steady state photoluminescence measurements 

were carried out on home-built confocal/widefield 

microscope/spectrometer system based around a Nikon TE300 

microscope body.  Widefield PL images were recorded via a 

trinocular-mounted Princeton ProEM-512 CCD.  Spectra were 

recorded with an Acton SP2150 spectrometer equipped an 600 

line/mm (blaze 500nm) grating with a Princeton PIXIS CCD.  

Excitation for photoluminescence spectra was provided by the 

514nm line of a Spectra Physics 163-CO2 argon-ion laser, although 

no shape in PL spectra between 405nm and 532nm excitation was 

apparent.  Typical excitation intensities were ~250 W cm-1, with no 

measureable photobleaching over the course of any measurements. 

Excitation for TCSPC measurements was provided by a Picoquant 

LDH-405 405nm diode laser, and timing recorded by routing the 

output of a ID-Quantique ID100 avalanche photodiode into a 

PicoHarp 300 TCSPC module.  Wavelength-resolved TCSPC 

measurements were recorded by mounting the detector at the exit 

port of the spectrometer. 

 

2.2 Crystal Growth  

 Tetraazaterrylene (TAT) was previously synthesized and 
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described in a previous publication.14 The process of horizontal 

physical vapor transport was used to grow TAT single-crystals on 

single-layer graphene substrates. To deposit the crystals, we placed 

the receiving graphene substrate 6 centimeters away from the source 

material in a perpendicular orientation to the flow direction of 

crystallization. Approximately 10 mg of TAT was placed inside the 

tube at the hottest temperature zone, which was held at a constant 

temperature of ~370 °C. Subsequently, the tube furnace was kept 

under a vacuum pressure of ~0.45 mTorr using a standard laboratory 

vacuum pump. Vertically oriented TAT single crystals were grown 

in 14 min.  Bulk quantities of TAT crystals were also grown on the 

inside of glass sleeves at a reduced pressure of ~10-4 mBar. The 

crystals are grown in about 8-10 minutes and subsequently harvested 

manually. 

 

3.  Results & Discussion 

 

Figure 1 shows the crystal  structure of TAT. To correlate 

the molecular packing of molecules to the morphology of a TAT 

crystal, we carried out transmission electron microscope (TEM) 

diffraction on a single crystal. The results indicate that molecules 

crystallize in a 1-D face-on packing motif along the [100] growth 

direction (Fig. 1b). The molecular packing is shown as an overlay on 

the single crystal in Figure 1b. The reciprocal diffraction spots show 

a geometry consistent with the bulk monoclinic unit cell of TAT 

where, a = 3.7429 Å, b = 15.815 Å, c = 13.990 Å, α = 90.00°, β = 

93.947°, γ= 90.00°.  

 

Figure 1.  A) Chemical structure of tetraazaterrylene (TAT).  B) TEM image 

and corresponding electron diffraction pattern (inset) from a single-crystal 

TAT nanopillar. The diffraction spots indicate that the growth direction of the 

crystalline pillar is along the [100] (i.e., the unit cell a-axis). C) Scanning 

electron microscope (SEM) image of vertically oriented TAT pillars on 

graphene. The inset shows the theoretically predicted growth morphology of 

a TAT single crystal. The tilt angle (74.9°) between packing of flat-lying 

molecules and the basal plane closely equals that of bulk pillars observed 

from SEM (75.1°). D) Optical microscope image (illuminated under dark-

field conditions) of a network of TAT ultralong nanowires grown in a glass 

sleeve. 

 

Growth of TAT pillars on a graphene substrates typically 

result in a densely-packed array of vertically oriented nanostructures 

- a geometry which provides high surface area when backfilled with 

a hole-accepting (e.g. pentacene) layer.  The morphology of 

vertically oriented pillars grown on graphene substrates is shown in 

Figure 1c by scanning electron microscopy (SEM). From the crystal 

habit of TAT pillars shown in Figure 1c, the calculated tilt angle is 

75.1°. This value is consistent with the tilt angle of 74.9° in the 

crystal structure (shown as inset in Fig 1c). Polycyclic aromatic 

hydrocarbons (PAHs) are known to self-assemble via strong π-π 
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interactions, which lead to the formation of one-dimensional (1D) 

structures. Grazing incidence x-ray diffraction (GIXD) experiments 

indicate that TAT nanopillars grow from the graphene surface with 

the plane of the molecule parallel to the surface of the substrate – an 

orientation which favors efficient charge transport through the 

device (see figure S6). In fact, a very similar packing has been 

demonstrated by perylene-3,4,9,10-tetracarboxylic dianhydride 

(PTCDA) directly onto graphene via epitaxial self-assembly.16 This 

was also demonstrated by DFT-based ab initio calculation 

methods.17 Figure 1d shows an optical image of TAT naowires 

grown directly onto glass sleeves by a fast rate of deposition which 

yields high-aspect ratio crystals.  

One of the attractive features of the TAT system is the 

relatively broad and low-energy absorption spectrum that facilitates 

efficient capture of solar energy; when combined with a pentacene 

donor layer, the absorption extends further into the near infra-red. 

 

 

Figure 2.  A) Ensemble UV/VIS absorption and PL spectra of slowly grown, 

high quality TAT crystals, revealing an apparently high Huang-Rhys factor 

(>1) relative to unsubstituted terryelene (not shown, ~0.3). B) origin-shifted 

PL spectra of a single TAT nanocrystal (solid trace) and TAT dissolved in 

chloroform (dashed).  The lack of significant change in PL envelope shape 

from solution to solid state is consistent with extremely weak intermolecular 

electronic coupling within the TAT crystal.  Overlaid is the resonant Raman 

spectrum (514nm excitation) in the fingerprint region, demonstrating that the 

spectral envelope is energetically consistent with a high-displacement 

vibronic progression rather than some more exotic effect. 

Figure 2  shows the absorption and PL emission spectrum 

(2a) of an ensemble of high quality, slow grown TAT nanopillars.  

Surprisingly, PL spectra of TAT nanopillars and chloroform-

solvated TAT (figure 2b, solid and dashed traces, respectively) show 

nearly identical vibronic sideband intensity ratios, suggesting that 

the weak 0-0/0-1 ratio is the result of high electron-phonon coupling 

(Huang-Rhys Factor > 1) rather than aggregate dipole interactions, 

e.g. weak H-coupling.  Although there is a significant gas to crystal 

shift, ~2180cm-1, the lack of significant change in the emission 

envelope is surprising when compared to other rylenes.  Again, we 

attribute this to weak coupling between neighboring TAT molecules 

within the crystal. 

 

The TAT emission spectrum appears at first glance as a 

low-displacement vibronic spectrum with E00 at 680nm and an odd 

shoulder at 640nm.  However, the spacing of vibronic sidebands 

corresponds with the frequency of coupled vibrational modes in the 

molecule.  If the emission spectra are shifted by the electronic origin 

(E00) energy, the spacing between vibronic replicas approximates the 

mean frequency of the principally-displaced vibrational modes 

present in the resonant Raman spectrum (λexc=514nm, overlaid in 

figure 2b), supporting the identification of the emission envelope as 

a high-displacement vibronic spectrum intrinsically broadened by 

the participation of >10 vibrational modes over a wide frequency 

range. 

 

Figure 3.  A) PL spectra of a single TAT crystal grown slowly (<1mm 
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length/min, solid line) compared with a quickly grown crystal (>2mm 

length/min, dashed lined).  Fast pillar growth causes the emergence of a new 

emission band centered at 800nm, likely due to crystallographic defects.  B) 

Wavelength and time resolved PL measurements of the pristine slow grown 

crystal (top) and defect-ridden fast grown crystal (bottom) show clear 

changes in emission dynamics.  Pristine crystals show single-exponential 

decay kinetics (tB= 1.1ns fit, dashed line) at both 680nm (red) and 850nm 

(blue).  Emission in the defective crystals shifts to bi-exponential decay at 

680nm (tE=0.16 ns, t2=1.1ns), while the defect-specific band at 850nm 

displays a second slower emitter (tE=0.97 ns, t2=3.9ns) and significant 

differences in rise dynamics (first 450ps inset) indicative of energy transfer. 

 

While PL emission from slowly-grown crystals differs 

little from solvated molecules, increasing the growth rate of TAT 

crystals, whether by fast vapor deposition onto glass sleeves or 

slower deposition directly onto graphene, results in extreme changes 

in the nature of intermolecular coupling.  The emission spectra of 

fast-grown TAT crystals is shown in Figure 3, contrasted against 

similar size crystals grown more slowly, but under otherwise similar 

conditions and from the same starting material.  Dissolving these 

‘defective’ TAT crystals in chloroform recovers an emission 

spectrum identical to that shown in figure 2b, suggesting that this 

‘defect’ emission is not to due to fluorescent impurities or bulk 

chemical change of the TAT, e.g. due to oxidation.    

Wavelength resolved time-correlated single photon 

counting (TCSPC) measurements (figure 3b) reveal a significantly 

longer excited state lifetime for this ‘defect’ emission band relative 

to the pristine TAT emission, indicating a separate emission 

mechanism.  Close examination of the TCSPC signal (3b, inset) 

shows that the ‘defect’ emission band rises slowly relative to the 

pristine crystal vibronic emission – a consequence of indirect 

population via trapping after absorption.     As transfer to the trap 

state is accompanied by an energy loss of ≈0.22 eV, subsequent hole 

transfer to pentacene can no longer proceed spontaneously -  The 

addition of a pentacene hole-acceptor does not result in quenching of 

the ‘defect’ state (see figure S1).  Consequently, trapping by defect 

states in TAT acts a potentially large loss mechanism in devices with 

defect-dense crystals.  High efficiency nanostructured solar cells 

require tremendous attention to growth and structure of the 

constituent structures to achieve high performance. 

Analogous phenomena are observed in nominally single-

crystal rubrene samples:  high quality, slowly grown crystals 

luminance with a single vibronic progression (λmax=615nm), while 

those with packing defects feature a second, red shifted vibronic 

progression (λmax650nm).18  This defect-associated emission band 

has been variously attributed to recombination of triplet excitons in 

amorphous inclusions,18 vibronic sideband emission from a single 

electronic origin,19 and uncorrected self-absorption and polarization 

measurement artifacts.20  Both TAT and rubrene crystals display few 

of the spectral signatures of aggregation, representing a class of 

organic crystals with a notable lack of the spectroscopic signatures 

of aggregation.  Thus, we expect our observations here to contribute 

to a general understanding of photophysical processes in this class of 

materials rather than insights unique to TAT. 
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Figure 4.  A) Wide field PL image of small slowly-grown TAT crystals, 

showing enhanced emission at both ends due to wave guiding.  B) Spatially-

resolved emission spectra, showing unperturbed emission from the body of 

the crystal, while emission from the ends of the crystal display an interference 

pattern consistent with a micron-scale 1D optical resonator, and attenuated 

0-0 emission due to self-absorption during propagation along the long axis.  

C) Wide-field PL image of a fast-grown TAT crystal with a twin-like defect.  

Spatially resolved PL (D), shows typical defective crystal emission from the 

body (dominated by the 800nm band) and narrowed end emission due to self-

absorption and wavelength-dependent waveguide transmission efficiency.  

 

 

Wide field PL microscopy of single TAT nano-pillars 

(Figure 4 a,c) reveals interesting relationships between size, shape, 

crystal quality, and optical properties.  Single slow-grown crystalline 

TAT nanopillars are shown in figure 4a.  Under wide field 514nm 

excitation, emission from the central region of the crystal is similar 

to the ‘pristine’ crystal PL spectrum shown in figure 2b.  However, 

spatially resolved PL from either end of the crystal shows attenuated 

0-0 emission and a periodic envelope modulation with a frequency 

of ~360cm-1.  These features are with the result of wave guiding of 

PL along the crystal body between reflective terminal facets – with 

the entire pillar forming a single-crystal optical resonator.  The 

oblique end facets of the slowly-grown crystals, as seen in figure 2a, 

complicate analysis of the exact resonator mode structure, but the 

spacing seen here is roughly consistent with the trivial case of a 

cylindrical crystal of several microns in length.  The attenuated 0-0 

emission is due to self-absorption losses during propagation along 

the waveguide, as the small Stokes shift results in significant overlap 

of the 0-0 emission and absorption bands. 

In contrast, a single ‘defective’ fast-grown TAT nanopillar 

is shown in figure 4a.  Spatially-resolved emission spectra from an 

apparent twinning defect (4d, square marker) shows dominant  

‘defect band’ emission centered at 800 nm, while the pillar apex (4d, 

triangle marker) shows weak defect emission but drastically 

enhanced pristine vibronic emission centered at 650 nm.  

Polarization-resolved PL measurements from this structure (figure 

S2) demonstrate the approximate co-linearity of the sample plane 

projection of the emission dipoles of both emissive species – 

indicating that the ‘defect’ emission is not orthogonal to ‘pristine’ 

vibronic emission, and likely due to horizontally adjacent molecules 

rather than between π-stacked neighbors.  Interestingly, the PL 

spectrum of quaterrylene (the larger homologue of terrylene) is also 

centered at 800 nm, devoid of visible vibronic features, and of 

approximately the same width.21   

Spatially resolved emission from the ‘defective’ pillar 

shown in figure 4b appears to show significant PL narrowing, with 

strong enhancement of the 0-1 emission band,  relative to the 0-2 

band, with almost complete suppression of the 0-0 origin.  This 

would be consistent with a stimulated emission (SE) or amplified 

spontaneous emission (ASE) process, by which early PL guided 

along the pillar growth axis radiatively dumps excitonic emission 

further down the TAT crystal long axis.  Stimulated emission in 

organic materials generally results in enhanced 0-0 (pure electronic) 

emission and extremely narrow line widths, as is the case for heavily 
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studied p-sexiphenyl nanofibers.22  The enhancement of the 0-1 

emission here would be explained by consideration of a lack of 

significant gain at the 0-0 energy due to strong self absorption of PL.   

However, while the structure shown in figure 4a is an 

optimal geometry for generating stimulated emission, we have 

generally not observed stimulated or amplified spontaneous emission 

in these structure, with pulsed and continuous-wave excitation 

yielding virtually identical emission envelopes despite a >1000-fold 

increase in peak power (see figure S3).  This is likely a result of 

weak reflection at the crystal end facets combined with a relatively 

low PL quantum yield in the material (h<<0.1).  Yet, in pillars like 

that in 4c, funneling of PL from the entire ≈15mm pillar along a 

gradually-narrowing body to a ≈l/2 diameter apex undoubtedly 

concentrates the guided wave’s energy and provides the potential for 

nonlinear optical processes to occur.  The spectra shown in 4d –

specifically the strong attenuation of the 0-0 transition and relative 

enhancement of the 0-1 transition) are difficult to explain without 

invoking stimulated or amplified spontaneous emission, but this not 

a general property of TAT crystals and is likely dependent on 

particularly favorable crystallite geometries.  Further studies 

correlating atomic force microscopy sizing measurements and 

optical properties are currently underway. 

Although unsuitable for direct use in OPV devices, one 

interesting aspect of the ‘defective’ TAT pillars is their 

demonstration of surprising spatial heterogeneity of optical 

properties over extremely small regions.  Single pillars no longer 

than a few hundred nanometers can display markedly different 

properties at opposite ends, which demands rigorous characterization 

of size-structure-property relationships before efficient and reliable 

devices can be built from these interesting nanocrystalline 

components.  Figure 5 shows two overlapping, highly heterogenous 

TAT pillars, with wavelength- and polarization-resolved 

measurements that provide insight into the source of long-lived trap 

emission band at 800 nm.   

 

Figure 5.  Heterogeneity within single TAT pillars.  A) Wide field PL image 

of two highly heterogeneous fast-grown TAT pillars.  B) Spatially-resolved 

PL, from regions marked in A.  Emission from the non-narrowing crystal face 

at the upper left (orange triangle) shows strong wave guiding, while the 

region at lower left (blue circle) shows a return to pristine-type emission with 

no apparent wave guiding or self absorption.  Hyperspectral imaging of these 

structures (C) shows regions with ‘pristine’-dominant (red), defect-dominant 

(green) or mixed (yellow) emission spectra.  Photoluminescence-detected 

linear excitation anisotropy shown in D reveals a very high anisotropy 

(approaching 1) in regions with pristine-type emission, and low anisotropy in 

defect-heavy regions.  

 

 

 

Figure 5a (top left), shows a relatively large and bright 

pillar that terminates in a waveguide-active end.  At bottom left, a 

much thinner crystal narrows into a nearly diffraction-limited pillar 

with no measureable waveguide emission.   Photoluminescence 

spectra from the regions indicated by markers (5d) show enhanced 0-

1 emission from the waveguide-active apex (square) and strong 

defect emission from the large pillar body (triangle).  However, the 
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relatively thin fiber (circle) displays an emission envelope similar to 

that shown in figure 2b and discussed above – similar to slowly 

grown high quality TAT pillars.  A false-color wide field 

hyperspectral PL image (5c) shows the relative intensity of the 

pristine crystal exciton emission (peak 670nm) relative to that of the 

‘defect’ band (800nm). This measurement reveals a clear shading to 

green (pristine crystal vibronic emission) along the length of the 

narrower fiber.  The larger fiber (top left to bottom right) shows 

dominant defect emission along the entire length, with a small spot 

of red at the fiber apex due to PL waveguided along the growth axis 

and scattered into the detector by the substrate and defects at the 

pillar end facet. 

Figure 5b shows a per-pixel excitation anisotropy 

generated by rotation of the polarization plane of the excitation 

source.  The excitation anisotropy M is calculated from the 

minimum and maximum PL intensities Imin and Imax via equation 1. 

         Mexc =
Imax − Imin

Imax + Imin

                    (1) 

 There is a clear correspondence between the false-color 

wide field PL and anisotropy – with defect-dominant regions of the 

cluster featuring significantly lower anisotropy values.  In contrast, 

the smaller, exciton-dominant fiber at lower right has an anisotropy 

approaching 1, indicating a single direction of molecular alignment.  

Based on these observations, we conclude that the source of the 

excimer-like emission is the introduction of defects into the TAT 

crystal structure, due to growing-together of multiple pillars or direct 

formation of twinning defects during rapid growth.  We believe the 

collinearity (at least in the projection of the sample plane) of the 

excimer and exciton emission dipole rule out the defect emission as 

a result of widespread random defects, which would result in 

unpolarized defect emission.  However, we are not currently able to 

definitively describe this state, and use the term ‘defect’ out of 

convenience rather than conviction.  Further study of this system, 

especially TEM studies of highly defective crystals, will help 

elucidate the nature of these defects.  As well, better understanding 

of the possible participation of otherwise-silent excited states23 and a 

more complete prediction of exciton coupling between neighboring 

molecules in any potential allotropes24  will allow a more 

fundamental understanding of the limitations and potential of this 

material. 

 

4.  Conclusions 

 

 Our investigation of the growth-dependent photophysical 

properties of TAT nanopillars both in ensemble and as single 

crystals/wires has provided interesting new insights into their 

function in OPV devices. Pristine TAT nanocrystals behave 

spectroscopically like isolated single molecules, indicating weak 

electronic coupling between nearest neighbors and implying a short 

exciton diffusion radius.  Under highly controlled growth conditions, 

TAT single-crystals can be grown many microns in length without 

perturbing the electronic structure. However, at higher growth rates 

we observed the formation of a relatively long-lived low-energy 

defect state that manifests as a near-IR emission band, competing 

with charge separation at the donor/acceptor interface.  This state 

could potentially be quenched by a lower-gap hole acceptor and 

would potentially result in efficiency gains in defect-heavy devices – 

the 1.5eV gap of the defect trap state is still significantly above that 

of silicon and certainly worth harvesting. 

The similarities between the ‘defect’ emission band of 

TAT and emission from quaterrylene, the higher homologue of 

terrylene – namely, nearly identical energy and emission envelope 

shape – lead us to tentatively identify this band as emission from 
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excitations delocalized over two neighboring slip-stacked TAT 

molecules.  Continued work is underway to better understand the 

origin of the defect state.  An additional surprising feature of the 

TAT nano/micro pillar system is that for pillars wider than λPL/2, 

optical waveguiding of the intra-crystal PL is observed.  While these 

pillars are too large to use in a high surface area nanoscale 

heterojunction, the apparent low stimulated emission threshold in 

some geometries and directed emission raises intriguing possibilities 

for a waveguide-based solar cell.  Currently, we are attempting to 

leverage this emissive process as a way to funnel energy collected 

along the entire pillar to a localized site for charge separation by 

depositing a cap of quenching material on the pillar apex.  This 

would allow efficient long-range shuttling of excitations over long 

distances, and remove the limitations imposed by weakly mobile 

thermally relaxed excited states 
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