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Section .. Supplementary methods
Dynamic light scattering

Dynamic light scattering measurements were performed on a Malvern Instruments Zit@asizer
ZS instrument equipped with a Helium Neon | as

Steadystate fluorescence spectroscopy

Steadystate fluorescence measurements were performed on a Horiba PTI QuantaMaster 400
spectrofluoromete(HORIBA Scientific, Edison, NJ). Fluorescence spectra were recorded with
the slit widths of both excitation and emission monochromators set to 3.5 nm bandwidth (1.34 mm
slit width). Scan parameters were set to 2 nm steps and 0.25 s integration timesdelnoe
measurements were made on solutions with an optical density of 0.10 or less contained in a 1 cm
pathlength quartz cell (Starna Cells, Inc., Atascadero, CA). All reported fluorescence spectra were
intensity corrected.

Time-correlated single photoncounting

Time-resolved fluorescence measurements were made using a DeltaFleotigiated singlet
photon counting (TCSPCGypectrometer (HORIBA Scientific, Edison, NJ)he excitation and
emission wavelengths were 507 and 650 nm, respectively. Thalaj®itsity of the sample at the
maximum of the lowesenergy electronic transition was *@r less which corresponded to an
optical density of-0.005 or less at the excitation wavelenglihe sample was contained ina 1 cm
fluorometer cell (Starna Cell;nd, Atascadero, CA)The instrument response function was
obtained by placing an agueous Ludox colloidal silica suspension, which efficiently scatters the
excitation light, into the spectrometer while keeping all settings equivalent to those used for the
sample. The instrument response function exhibited anfigith at half maximum of ca. 200 ps,
which is representative of the time resolution of the TCSPC spectrometer.



Section : Diameter of agueous colloidal TES, TIPS-, and TSBSpentacene nanoparticles
ranges between 80 and 90 nm

Intensity (norm.)

10 100 1000

diameter (nm)

Figure S2 Results of dynamic light scattering measurements on aqueous colloidalTIES,
and TSBSpentacene nanoparticles. The measurements were performefCatTdte Zaverage
values for each compound are: FE85 nm), TIPS (75 nm), and TSB®n (91 nm).

Figure 2 shows the results of dynamic light scattering measurements on the aqueous
colloidal TES, TIPS, and TSBSPn nanoparticles that indicate diameters of ca. 85, 75, and 91
nm, respectively. Diameters ranging from ca.i890 nm for the aqueous collal pentacene
derivative nanopatrticles are in excellent agreement with diameters ranging fromi ca0 &n
previously reported? Critically, given that the diameter of the nanoparticles is much smaller than
the wavelengths of lighised to probe the nanoparticles in this work, optical artifacts associated

with scatter are largely absent.



Section : Comparing the electronic absorption spectra of amorphous and crystalline films
of TES-, TIPS-, and TSBSpentacene withthat of the nanopatrticle suspensions indicates the
nanoparticlesare amorphous

We evaluated the solistate order of the pentacene derivative nanoparticles by comparing
their electronic absorption specwih that ofthe respective material in the formdfute toluene
solutiors,fi acsa st 0 fsbiNemnsapor aanealetiims (Figure S3.1).
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comparison,tte spectra were normalized to the most intense absorption (appearing in the vicinity
of ca. 300350 nm for all samles), scaled with an equivalent scaling factor, disglaced by a
vertical offset.

Figure S3.1shows thatvhereagssentiallyall of the electronic transitions the absorption
spectraof the solventvapor annealefllms are restructuredas a resulof excitonic effects the
corresponding transitions in the absorption spesftthe nanoparticle suspensiomsre closely
resemble that adherespective compound as a dilute toluene solution

We attempted tcompare the absorption spectra of the nanoparticle suspensions directly
tothatofamor phous mat er icalst ®y daghtoempoandVe figst pfepased
ascast films of TIPSPn where it has been shown that such films can be prepared in an amorphous
phase by appropriately tailoring the film deposition conditidngnd carefully avoiding
crystallization agent$.Figure S3.1b shows thatthe absorption spectrum of the TIFEh
nanoparticle suspensions nearly identically matches that of the amorphous film over an extended
spectral windowspanning the ultraviolet through to the nedrared. The electronic absorption
spectrum of TIPS’n preserd inFigure S3.1b encompasassthreeclearly observablelectronic
transitions general to this series of pentacene derivatiy@sa moderately strong transition
appearing in the vicinity of ca. 650 nm, assignedtoi n Pl at t 6 s n oetyavéak on , (
transition appearing at ca. 450 nm, assignétlgo n Pl att 6 s notation, and
very strong transition appearing in the vicinity of ca. 300 nm, assign@hton Pl att és not
For adetaileddiscussion of the electronic transitions of these pentacene derivatives,amich
closely analogous to those observed for unsubstituted pentacene, along with a brief discussion of
Pl att 6 s mp.gref@iandé. We previeusly showed that tleéectronic absorptiolspectra
of the TIPSPn nanopatrticle suspensions and amorphous filere essentially indistinguishable
in the vicinity of the'La transition which strongly suggests the THP® nanoparticle suspensions
are amorphousgsee e.g. ref2). We additionally reported timeesolved polarization anisotropy
measurementhat strongly suppothis interpretatior{see, e.gref. 1).

In the present workye provide additional evidence supportitige interpretation thathe
TIPSPn nanoparticke areamorphousSpecifically, thewo strongest electronic transitions in the
spectral range ifigure S3.1b include the'L, and*By, transitions which are of moderatandvery
strong intensity, respectivelfrhese electronitransitionsalsohavetransition dipole orientations
that are orthogonalnterestindy, Figure S3.1b shows that the stronger electronic transition with
an orthogonal transition dipole (i.8Bp) also does not show signs of strong excitonic effects in
the TIPSPn nanoparticlesuspensionthat is,the absorption speetin the vicinity of thelBp
electronic transitiomn the TIPSPn nanoparticle suspensions and amorphous &mgssentially
equivalent. Thus, we take the fact that both of the strongest electronic transitions of this compound
(that also have orthogonal transition dipole momgnere unchanged in the nanoparticle
suspensions and amorphous filman be considereds additional evidence supporting our
assignmenof the solidstate order oT IPS-Pn nanoparticles as amorphous.

We also preparediascast films of TES and TSBSPn. Figure S3.2 displays two
dimensional grazingncidencewide-angleX-ray scattering (2051IWAXS) measurements of the
films which indicate thatunlike ascast TIPSPn films that are amorpho@é,both ascastTES-
and TSBSPnfilms are crystalline.
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Figure S3.2. Two-dimensional grazingncidence xr ay di ffract i-oamstpoatadamrd n
solventvapor annealed films ¢&,b) TES- and(c,d) TSBSpentacene.

The electronic absorption spectra ofthacsa s t eandlTBSESPn films provide further
confirmation of the 2D GIWAXS result&igure S3.1c shows that bothL, and*By, transitions of
t he-c @as$ o-PrlfilnBa& essentially equivalent to that of the sohwaor annealed (and
crystalline) film. Thus, the electronic absorption spectra further support the 2D GIWAXS
measurements; namely, the electronic absorption spexticate that the molecules adopt the
same moleculalevel packing arrangement, which would be anticipated given the equivalent long
range order reported on by the 2D GIWAXS measurem@tis2D GIWAXS measurements
indicate that théi acsa st 0 f iISPmveere adt amdrghous balso shaved evidence for
crystallinity. In the case of the asast TESPn films the 2D GIWAXS measurementBigure
S32a,b) indicate that two different crystalline forms are adopted, which again is verified at the
molecular leel through the electronic absorption spectrum. Namely, the electronic absorption
spectra of the asast and solventapor annealed films of TEBn presented iRigure S3.1b are
different, although each show signs of strong excitonic effects. This is bwistis by considering
the !La transition in the crystalline films, which is redshifted appreciably and exhibits a different
absorption strength as compared with both'Bigand Ly, transitions. Furthermore, and perhaps
most critically, there are clear sigtures ofstrong excitonic effects in the fully allowedBy
transition. Namely, théBy, transition exhibits a considerable redshift and change in transition
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intensity in both the asast and solventapor annealed films. In fact, the considerable redshift
observed in the asast film trends towards that of the solve@apor annealed film. Thus, the strong
excitonic effects observed on tHe, and !By, transitions in the TE®n films indicates that their
crystalline nature correspond to regular changes in the local moléewhrpacking that
sensitively impact their electronic absorption spectra. In summary, both the 2D GIWAXS
measurements and electro absorption spectra indicdteat ascastTES and TSBSPn films are
crystalline; thus, a direct comparison between the nanoparticle suspensions and amorphous films
of these pentacene derivatives is not possible.

In lieu of a direct comparison of thésorption spectrum of the pentacene derivative
nanoparticlse with that of therespectiveamorphoudilms, we can stillcompare the absorption
spectra of the pentacene derivative nanopasticigh that of their respective crystalline films
along with thaof the amorphous films of TIRBn.Considering that the absorption spectrum of
the TSBSPn nanoparticle suspension does-castovery
solventvapor annealed filmbut much more strongly resembles that of the amorphtRS-Pn
nanoparticlesand films we assignthe solidstate order in the TSBBn nanoparticles as
amorphous.

Lastly, we consider the sokstate order of the TEBn nanoparticle suspensions.
Considering that thecastyst aivapdranedaled&&Rmnfines of t h
has a strong influence on their absorption spettrarder to assign the solgtate order of the
TES-Pn nanopatrticle suspensione compareheir electroni@bsorption spectra that of: (i) the
crystallineTES-Pnfilms, (ii) the diluteTES-Pn intoluene solution, and (iii) themorphoud IPS
Pn films Figure S3.1a shows that the electronic absorption spectra offt88-Pn nanopatrticle
suspensionsloes not ompare wellwith that of the crystalline filmsIn fact, the absorption
spectrum of the TE®n nanoparticle suspensions much more strongly resembles that of the
isolated chromophore in dilute toluene solutiafearly indicating that the molecules are not
strongly excitonically coupled. While not a direct confirmation of setate order, a comparison
of the electronic absorption spectrum of the IS nanoparticle suspensions with that of the
amorphousTIPSPn films is insightful. Given that the absorption spectrum of the TS
nanoparticle suspensiongry closely resembles that dhe amorphous TIRBn films (and
amorphous TIPSand TSBSPn nanoparticles)we assign the soligtate order of the TEBn
nang@article suspensions as amorphous.
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Section & Variations in excitonic couplingand mass densityexplain trends in steadystate
absorption spectra

We quantitatively examinethe absorption spectra of the amorphous pentacene derivative
nanoparticlesvhile consideringthe moleculeglifferent propensities tp-stack. Consistent with
the expectation that the mol e c-staclkisthevmmarphals e x hi |
nanoparticles, we observe considerably different intensities in thenigbpoogressions in the
absorption spectra of these different pentacene derivative nanopaRiglé&s). This is especially
clear when considering thatt®-, TIPS, and TSBS-Pn have essentially the same absorption
spectrum when dissolved & A g @rgamicsolvent, such as toluemégure $4).

TES
TIPS
TSBS

Abs. (norm.)

500 600 700
wavelength (nm)

Figure $4. Steadystate absorption spectra of dilute solutions of TEBPS, and TSBS
pentacene in toluene.

Comparing the nanoparticle spectra to the corresponding toluene solution spectra, wetfied that

ratio of the amplitude of the-@ and @1 vibronic bands decreases (or th& Qibronic band gets

larger for a constant-0 vibronic band) successively in the series TSBIPS, and TESPn

(Table $4). These results indicate tha$ side chains bec@rmore compact(i) the molecules

comprising the nanoparticles tend to exhibityide aggregation or fage-f a c-sacking’® and

(ii) the average effective excitonic coupling becomes progressively strofgdre progressively

reduced peak extinction of the origin band of the transition of nanoparticles in the seriPsn TES

< TIPSPn < TSBSPn (Fig. 23 further supports (ii). These observations are consistent with the
expectation that chromophores in Htmorphous TESPnnanopar t i ¢ | e sstatkiagr e enh
while chromophores in thremorphous TSBnnanopar t i c| e sstadkiagv e i nhi bit
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Table $4. Ratio of the 80 and 01 Vibronic Bands andshift of the LowesEnergy Singlet
Transition

Compound Ao-o/Ao-1 Ratio Esinglet (M) DEsinglet
monomer | nanoparticle (%) monomer | nanoparticle | (cm?)
TSBSPn 2.0 1.8 110 15,520 15,470 50
TIPS-Pn 2.0 1.6 130 15,540 15,440 100
TESPn 2.0 1.3 150 15,540 15,370 170

In addition to systematic variations in the vibronic band ratws,also observe a
successively redshifted loweshergy singlet exciton transition enerdyg. 2b). Specifically, we
observe a lowestnergy singlet exciton transition energy that is retithicompared with the
respective compound dissolved in toluene by 50, 100, and 1#@acriiSBS, TIPS, and TES
Pn nanopatrticles, respectiveljable $4). A redshift from the gas phase to the solid state arises
from changes in the polarization energg da van der Waals interactions in the solid steféwus,
the redshift that we observe indicates that the van der Waaladtions and polarization energies
are both changing as side chain size decreases, likely because smaller side chains are able to form
more compact solids with a higher mass dertéitywe can therefore infer from the redshifted
singlet exciton energy that the nanoparticles of TH#BSre a solid material where the molecules
pack in the least compact manner with the lowest mass density, whereas nanoparticleRof TES
are a solid wheréne molecules pack in the most compact manner with the highest mass density.

In summary, the observations reported above are consistent with the expectation that
chromophores in themorphous TE®n nanoparticle a v e e n-Btacking ardl pack in a
more compact manner while chromophores in #maorphous TSB®n nanoparticlehave
i n hi bstatkegland pack in a less compact manner.
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Section %: Isolated-chromophore singlet excitation and parent singlet exciton transient
absorption spectracomparewell

We assign the photoinduced absorption feature appearing at ca. 1400 nm in thimearly
transient neainfrared spectra of the nanoparticles to parent singlet excitons because thes featur
very well matches that of singlet excitations generatedsolated molecukein dilute toluene
solution Figure S5). In solutions of TIP$entacengfollowing light absorption and on the sub
nanosecond timescale primariipglet excitationsare populated* Because the alkyl substituent
of the solubilizing group has a negligible influence on the electronic structure of these
chromophoregFigure S31), we presume that primarily singlet excitations are populated in the
case of TESand TSBSpentacendn toluere, as well Fluorescencdifetime measurements
reportedin Section 8B represent additional evidence supporting this interpretation. For all
compounds, e dilute toluene solution and nanoparticle transient absorspacttraexhibit
excellent agreement aralre nearly indistinguishablélfhe only exception is the comparison
between TES$entacene in toluene and the amorphous-p&8acene nanoparticle suspensions;
while the overall spectral profiles are in excellent agreemeatrdlative peak amplitudes are
slightly different.This likely results from the stronger average effective excitonic coupling of the
chromophoresbservedin this sample Kig. 2a and Section ). It should be noted thahe
transienspecta of the nanopdicle suspensions alenited to wavelagths less than 1400 nm due
to strong water absorption above this wavelength.
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measurements were performed with an incigembp wavelength anituence of ca646 nmand
260 ¢ 3, respactively.
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Section %: Isolated-chromophore triplet excitation and nanoparticle long-time transient
absorption spectra compare well

We assign the photoinduced absorption feature appearing tmatieent neamfrared
spectrain the nanoparticles at lorigne delay to a triplet excitestate absorption because the
specta very well matctthat of the isolated molecule in dilute toluene solution measured on the
several hundred nanosecond timesdaigure S6). On the several hained nanosecond timescale,
singlet excitations on isolated TIRf&ntacene molecules convert into triplet excitations through
intersystem crossintf. Because the alkyl substituent of the solubilizingup has a negligible
influence on the electronic structure of these chromoph@estiors $4, S5 and 8), we
anticipated and presume thatiersystem crossing is the decay pathway responsible for generating
triplet excitations in the case of dilut@uene solutions of TE&Nnd TSBSpentacene, as well.
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pentacene nanoparticle suspensiofhe dilute toluene solution and aqueous nanoparticle
suspensiomeasurements were performed with an incigemhpfluence of ca. 108 J /2 anu
260g J /? aaspectively

It is interesting to note that the nanoparticle spectra exhibit slight differences in peak width and

vibronic peak ratio, likely from solidtate effects similar to those discussed in detafldcations
SAand ST.
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Section S7:Qualitative arguments can be made that the electronic couplings relevant to
triplet pair formation are stronger for the H -aggregated chromophores even after
accounting for the concentration of and singlet diffusion to fission sites

In prior dudies of TT formation in amorphous solitfS;'° the authors observed non
monoexponential TT formation and attributed these complex dynamics to a combination of factors,
including both the concentration of and singlet diffusion to SF sites. Here, we challenge several
assumptions inherent to these models in the hopes of providing additional insights into the nature
of complex, noAmonoexponential TT formation dynamics in the aphaus state.

The nature and concentration of SF sites in amorphous material

We first address the nature of the SF sites, which is relevant to the discussion of their
concentration. It is often assumed that the pair of molecules at the SF site adoptat@ar
packing of a crystalline polymorph of the material that has a strong propensity to form TT.
Crystalline material generally (although not always) exhibits strong excitonic peak shifts in their
electronic absorption spectra, such that they mayilggdse identified using UV/Vis absorption
spectroscopy. Given the modest detection sensitivity of UV/Vis absorption spectroscopy @.e., pph
ppt), however, one could argue that low concentrations of these SF sites may be present and
responsible for the maijity of the singlet fission dynamics that UV/Vis absorption spectroscopy
is unable to detect. Transient absorption spectroscopy, another technique often employed in SF
studies, has appreciably higher detection sensitivity of the order of €aWdarge, without
going into great detail, that this level of detection sensitivity is sufficient to identify and
characterize the nature of SF sites in both crystaimamorphous material. Key to the following
discussion is that if the SF sites comprise mualles that have adopted the molecular packing of a
crystalline polymorph of the material, then TT photogenerated at these SF sites should look like
triplets photogenerated in the crystalline material.

Figure S7.1displays the transient absorption speofrseparated triplet pairs in crystalline
material of the TASPn, which are representative of the transient absorption spectra of isolated
triplets in crystalline materidf, along with the transient absorption spectra of nascent triplet pairs
in amorphous material of the TA®h, representative of the triplet pairs formed immediately
following thedecay of primary singlet excitons at the dimer pair sites.
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Figure S7.1.Transient absorption spectra of triplet pansotogenerated in the amorphous

pentacene derivative nanoparticles and of triplets photogenerated in crystalline material. The
transient absorption spectra for the triplets and triplet pairs in crystalline films and amorphous
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pentacene derivative nanopelds, respectively, were each obtained a time delay of ca. 30 ps.
Overlaid in each plot is the transient absorption spectrum of iseladdztule triplets
photogenerated on TIPEn in toluene, which were measured at a time delay of several hundred
nanoseonds.

Clearly, the transient absorption spectra of triplet pairs photogenerated in the amorphous material
do not match the transient absorption spectra of triplets photogenerated in crystalline material.
Rather, they more closely resemble the transiesbraltion spectra of isolateadolecule triplets
photogenerated on TIPEn (which, given the results above Sections S4S6, we take to be
representative of isolatedolecule triplets photogenerated on TE&d TSBSPn). Thus,
although SF is fast in the neaial in its crystalline form, we can conclude through the transient
absorption spectroscopy that the SF sites in the amorphous pentacene derivativersulitiatis

of the lowestenergy, equilibrium crystalline molecular packing configuration.

It is possible that other crystalline polymorphs, that are not the lowest energy, could be
acting as the SF sites in the amorphous material. For examplegDabmypothesized that the
SF sites in the amorphous state of various diphenylisobenzofuran desvatglg be represented
by t-Tlhpelymdrph of the compound, which is not the lowasergy crystalline staté.We
suggest that, in a similar logic as above, that a comparison should be made between isolated
molecule trplets photogenerated on this material and the transient absorption spectrum of the
triplet pair photogenerated in the amorphous material, and the triplet transient absorption spectrum
of the triplets photogenerated on the isolated r o mo p h o r e -1 patymarpb.lif uhese e , U
latter two spectra are to match, this is a direct confirmation that the SF sites are represented by this
kinetically-trapped polymorph of DPIBF. In contrast, if the two spectra do not match, this
disproves thigarticular polymorph dé DPIBF as being representative of the SF site. However, it
does not disprove the possibility of another polymorph in which the molecules are weakly
electronically coupled.

Another possibility, which we previously suggestdd,that a distribution of molecular
packing arrangements that gives rise to a distribution of site energies and couplings produces a
distribution of TT formation rates. At the most general level, we can express the observed TT
formation rate as a sum or intelgp@ all of the rates of the individual constituents, i.e.:
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This formulation covers a distribution of any arbitrary complexity. For example, a completely
random distribution of molecular packing arrangements would give rise to a continuous
distributionof TT formation rate constants. One the other hand, if there are preferred geometries,
the distribution would be biased in a manner determined by these preferred geometries. If there is
a more complexbimodal distribution of preferred geometries, ther thbserved TT formation

rate could be accurately modeled as the weigatetlage of the rate constants of the distribution

as described above. Thus, it is not essential to assume that amorphous material is a completely
random arrangement of chromophoregitee rise to a complex, neexponential TT formation

rate.

Elucidating the nature of the SF sites and the nature of their distribution is relevant to a
discussion of their concentration. If indeed the SF sites are some complex, but not completely
randomdistribution of molecular packing arrangements that are not equivalent to the equilibrium
crystalline packing arrangement, we can readily visualize many different conformations suitable
for singlet fission geveral studies have highlighted how rolpestcene derivatives aged singlet
fission“*®). Within this hypothetical medium, we can also visualize a high density of SF sites.
Indeed, in support of this assertion Robeittsl. suggested an appreciable concentration of SF
sites in amorphous films of the singlet fission chromophore-@igizenyltetracen& It would be
ideal to characterize the shoange order inherent to the material. For example, what olekec
packing arrangements are suitable for SF, and how many such packing arrangements are there? As
noted by Dronet al, however, this type of sherange order is exceedingly difficult if not
impossible with to characterize Witonventional characterizan methods® We therefore defer
further discussion of this matter, and assume that the density of SF sites in the amorphous state is
sufficiently high so as not to obscure an interpretation of the observed TT foritnaodirectly
in terms of the intrinsic SF rate.
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In summary, we conclude that, at least for the amorphous pentacene derivative solids
studied in this work, the SF sites do not adopt the molecular packing of the-&veegy
crystalline form, that the ost likely explanation for the nature of the singlet fission sites is some
complex distribution of moleculdevel packing arrangements (where, in the main text, we shed
further insights into that distribution), and that the density is sufficiently higis smt to obscure
an interpretation of the TT formation time in terms of the intrinsic singlet fission dynamics.

Singlet diffusion and TT formation

We next discuss how singlet diffusion impacts an interpretation of the observed TT
formation time in tems of the intrinsic SF rate.

We first highlight that one should again keep in mind the timescales of TT formation for a
material when considering this matter. In brief, the influence of singlet diffusion will be
particularly problematic for materials shimg slow TT formation timescales, such as in crystalline
tetracene. In a pioneering contribution, Pilaged al. showed that energy migration within
polycrystalline tetracene caused the timescale of TT formation to be faster because singlet
diffusion occured to grain boundaries where the authors suggested TT formation was®faster.
Thus, the slower that TT formation is the more sensitive the observedmation time will be
to nonintrinsic phenomena such as singlet diffusion and sample heterogeneity. As we highlighted
previously!’ pentacene derivatives are especially advantageous in the context given the
exceptionally rapid picosecond and quibosecond TT formation timescales.

With regards to the pentacene derivatives of the present work, TT formation is quite fast.
We previously showed that TT formation generally occurs on a timescale of ca. 1 ps for a variety
of derivatives in the amorphous state and on a timescale of c& itD@arious materials in their
crystalline form2/In the case ofrystalline material, competition between singlet diffusion and
TT formation will certainly be highly competitive, and it is not too illogical to assume that primary
singlet excitons will not diffuse too far before they fission into triplet pairs. Indesdaelket al.
noted an exceptional lack of singkhglet annihilation as a function of incident pump fluence in
this materiaf The question remains, though, does the same argument hold for the amorphous
state? And if singlet diffusion does occur, how subglyntdoes it complicate an interpretation
of the observed TT formation directly in terms of the intrinsic SF rate? Before proceeding to
attempt to address these questions, we note that Pastsacilso tested the fluenaependence
of the transient alosption signal of one of these TA®h derivatives, namely, TIPBn and
observedegligible singletsinglet annihilatior? thus, even in the amorphous state primary singlet
excitons do not diffuse very far before fissioning into triplet pairs.

As an additionaimeans in which to address whether or not diffusion of parent singlet
excitons complicates a direct interpretation of the TT formation time in terms of the intrinsic SF
dynamics, we performed punguobe anisotropy measurements on the amorphous nanogarticle
(Figure S7.2. While preclude a complete analysis of these results from this work, insights can
still be gained from these data analyzed in a sgrantitative manner. Specifically, determining
the singlet diffusion (or energy migration) time constant according thrghéwo time constants
of a trirexponential fit to these data, we find evidence that the timescale of singlet diffusion is
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either faster than or equivalent to the timescale of TT formation in the amorphous pentacene
derivative nanoparticleS éble S7).
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Figure S7.2. Pumpprobe anisotropy measurements of amorphous-TERS, and TSBS
pentacene nanoparticles. Overlaying the data arexponential fit functions, the first two
components of which we assign to editye (picosecond/supicosecond) sigiet diffusion (or
more formally, energy migration). The time constants reportdthile S7reflect the weighted
average of these two initial time constants.

Table S7.Time Constants for Triplet Pair Formation and Singlet Diffusion in Amorphous
Pentacen®erivative Nanoparticley®

Compound| Gk (ps) Wo (ps)
TESPn | 0.42° 0.03 0.3
TIPSPn | 1.23° 0.06 0.8
TSBSPn 2.8° 0.5 1

2 Time constants for triplet pair formation were taken fidattion S9Q which reports the same

values in terms of the paresihglet exciton lifetime.

® Time constants associated with singlet diffusion, or more formally the energy migration of

primary singlet excitons, were determined by taking the weiginedage of a béxponential fit

to the earlytime anisotropy decay.

Although singlet diffusion is indeed nexitirely separable from the intrinsic SF dynamics

in these materials, qualitative arguments can still be made. If the rate of singlet diffusion is
essentially as fast as the rate of TT formation, this means that the rate of TT formation is either
equivalent to ofaster than the rate of singlet diffusion. That is, singlet diffusion to SF sites can be
considered rateetermining step and the rate of TT formation can be considered as fast or faster
than that of singlet diffusion. We observe this scenario for the@rmas TESPn nanoparticles,
indicating that the observed timescale for TT formation should be taken as an upper bound to the
intrinsic timescale of TT formation for the material which comprises primaréggtegated dimer
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pair sites. In the case of the armphous TSBS’n nanopatrticles, on the other hand, the rate of
singlet diffusion is appreciably faster than the rate of TT formation. Specifically, we determined a
time constant of ca. 1 ps for singlet diffusion and ca. 2.8 ps for triplet pair form&tbte(S7).

Thus, TT formation is considerably slower than singlet diffusion in this system. This means that
singlet diffusion is not rate determining the case of the kinetics of this sample. We thus take these
results to indicate that the intrinsic rate df fbrmation associated with the distribution of largely
monometlike dimer pair sites in the amorphous TSB®& nanopatrticles to be larger than the rate

of singlet diffusion between the chromophores comprising the distribution.

Concluding this section, we showed that the rate of TT formation in the amorphous TES
Pn nanoparticles, with a large population fraction edddregate dimer pair sites, is the same or
faster than the rate of singlet diffusion (which is ca. 0.3 ps) medmatginglet diffusion is rate
determining and that the rate of TT formation should be considered as fast or faster than that of
singlet diffusion (i.e., ca. 0.4 ps or faster) while the rate of TT formation in the amorphous TSBS
Pn nanoparticles, with ardge fraction of monomsdike dimer pair sites, which is lower than the
rate of singlet diffusion (which is ca. 1 ps) to be representative of the intrinsic SF dynamics. These
gualitative insights are consistent with our assertion that the electronic elatngnt(s) coupling
S1S and TT for the Haggregate and monomigke dimer pair sites is (are) stronger and weaker,
respectively.
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Section B: Fluorescence lifetimes of dilute solutions of TESTIPS-, and TSBSpentacene in
toluene

All of the compounds, as dilute solutions in toluene, exhibit essentially indistinguishable
emission spectra(gure S8.1), with a vibronic origin band peaking at ca. 647.nm
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Figure S8.1. Fluorescence spectra of dilute solutions of TH®S, and TSBSpentacenén
toluene.

The fluorescence decays measuredtiercorresponding samplesxciing at 507 nm and

detecting at 650 npare displayed ifrigure S8.2. All of the compounds exhibit a fluorescence
lifetime of ca. 12 ns.
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Figure S8.2. TCSPC of TES TIPS, and TSBSpentacene in toluen@verlaying the
fluorescence decays are best fits determined via convolution withgtrument response
function.
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Section D: Parent singlet exciton lifetimes in amorphous TES TIPS-, and TSBSpentacene
nanoparticles

In thissupporting sectigrwereport orhowwe derived the parent singlet exciton lifetimes
in the amorphous TESTIPS, and TSBSPn nanoparticle suspensiolge showed irSection $
that a prominent photoinduced absorption band in thein&rared peaking at ca. 1400 nm can be
assigned to parent singlet excitons. In ordetdterminethe parent singlet exciton lifetime in the
amorphous TES TIPS, and TSBSPn nanoparticle suspensions, we averaged theiniared
singlet photoinduced absorption band over a spectral region where the triplet photoinduced
absorption bandeported irSection S6does not overlgppecifically, we averaged the data over
a spectal range from 1100 1390 nm The resultant transient kinetic traces are displayEdjure
9.
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Figure $9. Representative traces for the decay of the-imdeared photoinduced absorption band
associated with parent singlet excitons in the amorphous THES, and TSBSPn nanoparticles,
including the fits and instrument response function used to model theTtat neatinfrared
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