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Abstract: Single-walled carbon nanotube (SWNT)-based
nanohybrid compositions based on (6,5) chirality-enriched
SWNTs ([(6,5) SWNTs]) and a chiral n-type polymer (S-
PBN(b)-Ph,PDI) that exploits a perylenediimide (PDI)-con-
taining repeat unit are reported; S-PBN(b)-Ph,PDI-[(6,5)
SWNT] superstructures feature a PDI electron acceptor unit
positioned at 3 nm intervals along the nanotube surface, thus
controlling rigorously SWNT-electron acceptor stoichiometry
and organization. Potentiometric studies and redox-titration
experiments determine driving forces for photoinduced charge
separation (CS) and thermal charge recombination (CR)
reactions, as well as spectroscopic signatures of SWNT hole
polaron and PDI radical anion (PDI ) states. Time-resolved
pump-probe spectroscopic studies demonstrate that S-
PBN(b)-Ph,PDI-[(6,5) SWNT] electronic excitation generates
PDI™ via a photoinduced CS reaction (to5~0.4ps, Pcg
~0.97). These experiments highlight the concomitant rise
and decay of transient absorption spectroscopic signatures
characteristic of the SWNT hole polaron and PDI " states.
Multiwavelength global analysis of these data provide two
charge-recombination time constants (tox~31.8 and 250 ps)
that likely reflect CR dynamics involving both an intimately
associated SWNT hole polaron and PDI* charge-separated
state, and a related charge-separated state involving PDI " and
a hole polaron site produced via hole migration along the
SWNT backbone that occurs over this timescale.

The unique optical' and electrical® properties of semi-
conducting single-walled carbon nanotubes (SWNTs) fuel
interest in the development of SWNT-based nanohybrid
materials for energy conversion and optoelectronic devices."!
Exploitation of SWNTs as light-harvesting and charge-trans-

port materials in solar cells, for example, would be greatly
facilitated by the evolution of nanoscale assemblies that
provide facile generation of electron-hole pairs at organized
nanotube—soft-matter interfaces. In contrast to covalent side-
wall functionalization that disrupts fundamental nanotube
electronic properties, use of electron-rich® or electron-
deficient® chromophoric surfactant molecules as semicon-
ducting SWNT-solubilizing agents provides nanostructures in
which photoexcitation may trigger charge separation. While
these pioneering studies define important proofs-of-principle
that photoinduced charge-transfer reactions can take place at
SWNT/organic chromophore interfaces, many challenges
remain. These include the inability to: 1) control the stoichi-
ometry of electron (hole) acceptors at the nanotube interface;
2) regulate the hole (electron) polaron density generated per
nanotube unit length for a defined set of irradiation con-
ditions; 3) structure electrooptically functional SWNT-based
nanohybrids over macroscopic length scales; and 4) engineer
nanotube—soft-matter assemblies in which photoinduced
charge separation (CS) and thermal charge recombination
(CR) dynamics can be rigorously elucidated and ultimately
modulated. This latter challenge is of critical importance, as
optimization of light-driven electron-hole pair generation,
separation, and persistence requires fundamental new
insights into the design of hybrid nanomaterial electronic
structures.

Pump-probe transient optical spectroscopic data that
examine photoinduced CS and thermal CR dynamics of
nanotube-containing charge-transfer assemblies have typi-
cally been characterized by multiple bleaching bands that
broadly span the Vis and NIR spectral windows, as standard
SWNT samples feature heterogeneous distributions of nano-
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tube chiralities and lengths: the spectral congestion character-
istic of such samples makes difficult the identification of the
electronic signatures that distinguish electron-transfer (ET)
reactants and products (that is, chromophore/SWNT elec-
tronically excited states, organic cation/anion radical species,
and nanotube hole/electron polaron states), and correspond-
ing analyses of charge separation, charge migration, and
charge recombination dynamics. Herein, we delineate SWNT-
based nanohybrid compositions based on (6,5) chirality-
enriched SWNTs ([(6,5) SWNTs], obtained in greater than
85% purity through a combination of linear and nonlinear
density gradient ultracentrifugation; see the Supporting
Information),’”! and a novel chiral n-type polymer (S-
PBN(b)-Ph,PDI) that features a perylenediimide (PDI)-
containing repeat unit (Scheme 1; Supporting Information).
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Charge Transfer Assembly
S-PBN(b)-Ph,PDI-[(6,5) SWNTs]

Control Superstructure
S-PBN(b)-Ph,-[(6,5) SWNTs]

Scheme 1. A) TEM images of the S-PBN (b)-Ph,PDI-[(6,5) SWNT]
charge-transfer assembly obtained from aqueous suspension (scale
bar: 5 nm); B) depiction of the S-PBN (b)-Ph,PDI-[(6,5) SWNT] super-
structure, and C) a corresponding depiction of a S-PBN (b)-Phs-[(6,5)
SWNT], which defines a control-polymer—SWNT superstructure for
transient pump—probe studies that interrogate photoinduced charge
separation and thermal charge recombination dynamics in S-PBN (b)-
Ph,PDI-[(6,5) SWNTs]. D) Depiction of a chiral [arylene]ethynylene
polymer-wrapped SWNT.

S-PBN(b)-Ph,PDI helically wraps the nanotube surface in an
exclusive left-handed” manner (S-PBN(b)-Ph,PDI-[(6,5)
SWNTs], Scheme 1). In contrast to polyfluorene-based poly-
mers that interact with SWNTs to form nanomaterials that
feature an ill-defined interfacial arrangement, S-PBN(b)-
Ph,PDI is a member of a class of highly charged [arylene]-
ethynylene polymers that have previously been established to
exfoliate, individualize, and single-chain wrap the nanotube
surface with periodic and constant morphology.”! Extensive
AFM and TEM data demonstrate a helix pitch length of 9 +
2 nm (Supporting Information, Figure S5,S6) for S-PBN(b)-
Ph,PDI-[(6,5) SWNTs], and that these semiconducting poly-
mer-SWNT superstructures are robust in a wide range of
aqueous and organic solvents.”*! Note that the single-chain
polymer-wrapping mechanism characteristic of these super-
structures solubilizes the nanotube at a minimal polymer/
SWNT molar ratio, and provides a facile means to organize

www.angewandte.de

© 2015 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

functional organic moieties at predefined intervals along the
SWNT surface. Closely related assemblies have been utilized
to provide new insights into SWNT electronically excited
states,'>% interrogate SWNT biexciton dynamics,” and
characterize SWNT hole polaron states.'” S-PBN(b)-
Ph,PDI-[(6,5) SWNTs] (Scheme 1), which feature the
widely utilized PDI unit™! positioned at 3 nm intervals
along the nanotube surface, provide unique hybrid nano-
structures in which the photoinduced CS dynamics involving
the (6,5) SWNT singlet excited state ('[(6,5) SWNT]*) and the
PDI electron-acceptor, as well as the corresponding thermal
CR reaction dynamics involving the SWNT hole polaron state
[(6,5) SWNT“""] and the PDI radical anion (PDI™), can be
unambiguously characterized by pump-probe transient
absorption spectroscopy.

Established GPC purification methods show that S-
PBN(b)-Ph,PDI-[(6,5) SWNT] superstructures feature no
measurable concentration of uncomplexed S-PBN(b)-
Ph,PDI (Scheme 1; Supporting Information, Figure S4).7:%!
Vis-NIR absorption spectra of S-PBN(b)-Ph,PDI-[(6,5)
SWNTs] and S-PBN(b)-Phs-[(6,5) SWNTs] are shown in the
Supporting Information, Figure S8. Note that S-PBN(b)-Phs-
[(6,5) SWNTs] feature a polymeric structure that has pre-
viously been established to act strictly as a nanotube solubi-
lizing agent.”! The spectral data in the Supporting Informa-
tion Figure S8, indicate similar bathochromic shifts of the E,;
(ca. 235cm™") and E,, transitions (ca. 173 cm™') of water-
suspended S-PBN(b)-Ph,PDI-[(6,5) SWNTs] and S-PBN(b)-
Phs-[(6,5) SWNTs] relative to the analogous transitions
observed for benchmark sodium cholate (SC)-suspended
[(6,5) SWNT] samples (SC-[(6,5) SWNTs]); previous work
suggests that such modest SWNT E, spectral shifts derive in
large part from differences in the extent to which polymer-
wrapped nanotube samples are solvated relative to SC
surfactant-dispersed SWNTs.[

The potentiometric band gaps of the S-PBN(b)-Ph,PDI-
[(6,5) SWNT] and S-PBN(b)-Phs-[(6,5) SWNT] superstruc-
tures were determined by square-wave and cyclic voltamme-
try methods. Note that the initial oxidation and reduction
potentials of S-PBN(b)-Phs-[(6,5) SWNTs] (E”"=0.48 V;
E®=_-1.10 V vs. SCE; Supporting Information, Figure S8)
are far removed from the corresponding values that define the
potentiometrically determined HOMO-LUMO gap of the
unbound anionic polymer S-PBN(b)-Phs (E"" =091V,
E""=-162V vs. SCE): these E”"=048V and E =
—1.10 V redox values thus correspond to the electrode
potentials at which holes and electrons are injected respec-
tively into the (6,5) SWNT valence and conduction bands
(Figure 1). In contrast, the S-PBN(b)-Ph,PDI polymer man-
ifests a first reduction potential at —0.53 V, followed by
a second reduction potential at —0.70 V (Figure 1): these
values match closely the previously reported E° and E*~/~
potentials of water-soluble PDI derivatives.'”’ While the
reduction potential of the (6,5) SWNT component of the S-
PBN(b)-Ph,PDI-[(6,5) SWNT] superstructure has been
raised by 0.15V relative to that observed for the control
sample (Figure 1; Supporting Information, Figure S11), note
that the measured first and second reduction potentials of
PDI moieties of S-PBN(b)-Ph,PDI-[(6,5) SWNTs] shift
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Figure 1. Energy level diagram highlighting the experimentally deter-
mined redox potentials of the polymer and SWNT components of S-
PBN (b)-Phs-[(6,5) SWNT] and S-PBN (b)-Ph,PDI-[(6,5) SWNT] super-
structures. The [(6,5) SWNT]*/" excited-state reduction potential was
determined from the (6,5) SWNT Eq—E;, optical band gap
(AE;;=1.24 eV) and its ground state oxidation potential

(E%*=0.48 V). In the potentiometric experiments used to determine
these redox potentials, the ferrocene/ferrocenium (Fc/Fc*) redox
couple (E;,”*=0.48 V vs. SCE) was used as an internal standard.
Experimental conditions: CH,Cl, solvent, 0.1 M nBu,NPF,, T=20°C.
Tabulated potentiometric data are available in the Supporting Informa-
tion.

cathodically by approximately 30 mV relative to the corre-
sponding values determined for the PDI units in unbound S-
PBN(b)-Ph,PDI polymer (Figure 1). The Figure 1 energy
level diagram summarizes the ground-state redox potentials
for the polymeric and SWNT components of these S-PBN(b)-
Phs-[(6,5) SWNT] and S-PBN(b)-Ph,PDI-[(6,5) SWNT]
superstructures, relative to the (6,5) SWNT excited state
reduction potential ([(6,5) SWNTs]**=—-0.76 V vs. SCE).
Based on the data in Figure 1, it is evident the '[(6,5) SWNT]*
state generated via Ey—E,; photoexcitation (4., = 1000 nm)
features neither an exergonic driving force for electron or
energy transfer reaction with the polymer that wraps the
surface of S-PBN(b)-Phs-[(6,5) SWNT] superstructures. In
contrast, these data highlight that the '[(6,5) SWNT]* state
possesses a significant driving force (—AGes=0.23 V) for
electron injection into the n-type polymer LUMO of S-
PBN(b)-Ph,PDI-[(6,5) SWNT] hybrid assemblies. The notion
that the '[(6,5) SWNT]* state possesses sufficient driving
force to undergo a photoinduced electron transfer reaction
within the S-PBN(b)-Ph,PDI-[(6,5) SWNT] superstructure,
but not within a S-PBN(b)-Phs-[(6,5) SWNT] construct, is
borne out by steady-state fluorescence emission experiments,
which highlight dramatic '[(6,5) SWNT]* fluorescence
quenching in S-PBN(b)-Ph,PDI-[(6,5) SWNTs]| relative to
the control S-PBN(b)-Phs-[(6,5) SWNT] sample (Supporting
Information).

Figure 2 shows exemplary femtosecond (fs) pump—probe
transient absorption spectroscopic data acquired for S-
PBN(b)-Phs-[(6,5) SWNT] and S-PBN(b)-Ph,PDI-[(6,5)
SWNT] samples following E,—E;; excitation over a 100 fs—
2 ns time domain. In these experiments, S-PBN(b)-Phs-[(6,5)
SWNT] and S-PBN(b)-Ph,PDI-[(6,5) SWNT] samples were
selectively excited at 4., = 1000 nm; a white continuum probe
beam was utilized, allowing spectral evolution to be moni-
tored concomitantly over the Vis-NIR spectral range. Con-
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Figure 2. Representative transient absorption spectra recorded for

A) S-PBN (b)-Phs-[(6,5) SWNT] and B) S-PBN (b)-Ph,PDI-[(6,5) SWNT]
samples dispersed in 3:7 MeOH/D,0O at the time delays noted.
Experimental conditions: [(6,5) SWNTs] ca. 90.3 nm; SWNT
length=700=+50 nm; argon atmosphere; optical path length=2 mm;
Ae=1000 nm; pulse energy =180 n|/pulse; temperature =20°C;
magic angle polarization.

gruent with previous experiments,®!¥l transient dynamical
data obtained for S-PBN(b)-Phs-[(6,5) SWNTs] (Figure 2 A)
display spectral features dominated by ground-state bleach-
ing bands in both the E,;; and E,, spectral regions. Note that
over the 900-1250 nm spectral regime two transient absorp-
tions at about 1100 and 1150 nm are also evident: these
signals correspond respectively to exciton to biexciton (E;;—
E.p)” ™ and T,—T, CE,;—°E,,)* ' transitions.

Figure 2B shows pump-probe transient dynamical data
acquired for S-PBN(b)-Ph,PDI-[(6,5) SWNTs]: along with
the characteristic transient bleaching signals of [(6,5) SWNTs]
highlighted in Figure 2A, note the appearance of a new
absorption feature at 1155 nm that emerges at 41,y >~ 0.5 ps
and is clearly evident at ty,,, =2 ps for the S-PBN(b)-Ph,PDI-
[(6,5) SWNT] sample; this signal, and its spectral evolution,
are distinct from that of the (6,5) SWNT T,—T, transition®"
at 1150 nm (Figure 2 A). Furthermore, the transient absorp-
tion spectrum for S-PBN(b)-Ph,PDI-[(6,5) SWNTs] at t4.,, =
0.3 ps exhibits a broad signal centered at about 1120 nm that
rapidly decays over an approximate 5 ps time domain (Fig-
ure 2B). In stark contrast, the NIR transient absorption
spectra acquired for S-PBN(b)-Phs-[(6,5) SWNTs] over the
initial 10 ps time window manifest spectral evolution charac-
teristic of conventional, electronically excited [(6,5)
SWNTs]:1 1) the E,;—FE,, sx transition at 1100 nm is evident
immediately ~ following  photoexcitation — at  fgeay =
300 fs, 10150161 and 2) the *E;;—E,, signal at about 1150 nm
appears at fy,, > 7 ps, rises over an approximate 10-20 ps
time window, and persists beyond the instrumental limit of
3ns. The spectral and dynamical features observed near
1155 nm in the pump-probe transient absorption spectra
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acquired for electronically excited S-PBN(b)-Ph,PDI-[(6,5)
SWNTs] indicate formation of a new absorptive species
clearly distinct from the *[(6,5) SWNT]* state.

To gain further insight into the spectral signatures that
should be associated with an oxidized (6,5) SWNT, an
oxidative titration of a S-PBN(b)-Phs-[(6,5) SWNT]!!7
sample was carried out wusing a chemical oxidant
(0.5 mMK,IrClg (+0.65V vs. SCE in H,0)) and monitored
by steady-state electronic absorption spectroscopy (Support-
ing Information, Figure S14B). With increasing oxidant
concentration, a progressive diminution of both Ey—Ej
and E,—E,, transition oscillator strength occurs, with con-
comitant rise of a new low energy transition centered at
1155 nm; this transition is thus assigned to an absorption
associated with the (6,5) SWNT hole polaron state!™® [(6,5)
SWNT"] | congruent with earlier precedent.[1*!7]

If formation of the [(6,5) SWNT®""] state occurred by
a photoinduced charge-separation reaction that followed
electronic excitation S-PBN(b)-Ph,PDI-[(6,5) SWNTs], the
emergence of the characteristic PDI-derived polymer radical
anion transient absorption signals must occur concomitantly.
Figure 3 compares Vis-NIR transient absorption data
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Figure 3. Comparative transient absorption spectra obtained for A) S-
PBN (b)-Phs-[(6,5) SWNT] and B) S-PBN (b)-Ph,PDI-[(6,5) SWNT] sam-
ples dispersed in 3:7 MeOH/D,0O at the time delays noted. Experimen-
tal conditions: [(6,5) SWNTs] ca. 90.3 nm; SWNT length=700+50 nm;
argon atmosphere; optical path length=2 mm; 4, =1000 nm; pulse
energy =180 n)/pulse; temperature=20°C; magic angle polarization.

obtained for S-PBN(b)-Ph,PDI-[(6,5) SWNT] and S-
PBN(b)-Phs-[(6,5) SWNT] samples dispersed in 3:7 MeOH/
D,O at time delays ranging from 0.3-500 ps over the 625-
975 nm spectral domain. Note that spectra acquired for S-
PBN(b)-Ph,PDI-[(6,5) SWNTs] over 0 < fy,y < 100 ps mani-
fest critical features absent in spectra acquired over similar
time delays for the control S-PBN(b)-Phs-[(6,5) SWNT]
superstructure: transient signals evident over the 625-800
and 880-950 nm windows point to the formation of a new
species following (6,5) SWNT photoexcitation in S-PBN(b)-

www.angewandte.de

© 2015 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

Ph,PDI-[(6,5) SWNT] samples. To confirm the nature of this
new absorptive species, a reductive titration of the unbound
anionic S-PBN(b)-Ph,PDI polymer with sodium dithionate
(=0.90V vs. SCE) in 3:7 MeOH/D,O was carried out
(Supporting Information, Figure S14A). These reductive
titration experiments evince the formation of new absorption
bands centered at 755, 844, 902, and 1032 nm; these tran-
sitions correspond to the established ground-state spectral
signatures of the PDI ™ radical anion.['®12]

A similar reductive titration was carried out with a S-
PBN(b)-Ph,PDI-[(6,5) SWNT] sample; note that these same
characteristic PDI™ absorptions are evident (Supporting
Information, Figure S14 C). Unperturbed (6,5) SWNT E;,—
E,, and Ey—E,, absorption bands highlighted in the data in
the Supporting Information, Figure S13 are consistent with
expectations based on the Figure 1 energy level diagram: the
(6,5) SWNT reduction potential in S-PBN(b)-Ph,PDI-[(6,5)
SWNT] superstructures [E[(6,5) SWNTs]=—-0.95V vs.
SCE] lies at lower potential than that of the n-type polymer
(E7°(S-PBN(b)-Ph,PDI) = —0.53 V vs. SCE). These reduc-
tive titration experiments (Supporting Information, Fig-
ure S14) demonstrate unambiguously that electronic excita-
tion of S-PBN(b)-Ph,PDI-[(6,5) SWNTs] generates the PDI
radical anion"**! by a photoinduced CS reaction (Fig-
ure 3A).

While redox titration data (Supporting Information, Fig-
ure S14) confirm the spectral signatures of the charge-
separated [(6,5) SWNTV"]-(PDI™), state evident in the
pump—probe transient absorption spectral data acquired for
S-PBN(b)-Ph,PDI-[(6,5) SWNTs] (Figures 2 and 3), monitor-
ing of the E,— E; ground-state bleaching signal as a function
of delay time (Supporting Information, Figure S15) for S-
PBN(b)-Ph,PDI-[(6,5) SWNT], S-PBN(b)-Phs-[(6,5)
SWNT], and SC-(6,5) SWNT samples, highlights that in
contrast to electronically excited S-PBN(b)-Phs-[(6,5)
SWNTs] and SC-(6,5) SWNTSs, which exhibit ground-state
recovery on a tens of ps timescale,® 'l photoexcitation of S-
PBN(b)-Ph,PDI-[(6,5) SWNTs] results in Ey— E;; bleaching
band recovery dynamics that are significantly slower. Time
constants for photoinduced charge separation (7og) and
thermal charge recombination (zcg) were determined from
multiwavelength global analysis (Supporting Information,
Figure S16); corresponding fitting results are displayed in the
Supporting Information, Table S1. Monitoring the rise of the
PDI ground-state bleach signal at 4, = 523.7 nm and the rise
of transient absorptive signature of ET products ([(6,5)
SWNT?"] and PDI™ determines 7cs~0.4 ps (Pes=97%).
The decay dynamics of the [(6,5) SWNT“""] and PDI
transient absorptive signature monitored at 754, 850, 950, and
1155 nm provide two charge recombination time constants
(tcr~31.8 and 250 ps). The fact that the rise and decay
kinetics of the [(6,5) SWNT®""] and PDI"* transient absorp-
tive signals mirror each other solidify the photoinduced CS
and thermal CR dynamical summary presented in Figure 4 A.
It is important to note that this result represents the first
unambiguous diagnosis of photoinduced charge carrier gen-
eration at nanotube-soft-matter interfaces. Furthermore, the
near unity quantum yield of charge separation (@c5=97%)
exhibited in S-PBN(b)-Ph,PDI-[(6,5) SWNT] samples under
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Figure 4. Representation of the A) photoinduced charge separation
(CS) and thermal charge recombination (CR) dynamics observed
following Ey,— E;; excitation (A, =1000 nm) for the S-PBN (b)-Ph,PDI-
[(6,5) SWNT] nanoscale assembly and B) CR dynamics involving both
an intimately associated SWNT hole polaron and PDI ™", and a related
charge-separated state involving PDI™ and a SWNT hole polaron
derived from charge migration to an adjacent hole polaron site along
the SWNT backbone.”

these excitation conditions (Supporting Information) under-
scores the utility of these compositions, which rigorously
define electron donor and acceptor stoichiometry, for NIR
photon capture and subsequent energy conversion; these
systems thus stand in sharp contrast to the excited-state
dynamics exhibited by heterogeneous SWNT-polymer
blends, and highlight the potential for this class of structurally
well-defined semiconducting polymer—carbon-nanotube
superstructures as solar-cell materials.

With respect to the biphasic nature of the CR dynamics
for S-PBN(b)-Ph,PDI-[(6,5) SWNTs], it is important to note
that the slower 250 ps component corresponds well with the
7er (ca. 300 ps) value reported by Hirsch and Guldi, who
examined photoinduced electron-transfer reactions involving
electronically excited heterogeneous SWNT samples and
perylene dye-based surfactants.” While the data presented
herein cannot ascribe a precise origin for the two CR
timescales, given the combination of large magnitude
SWNT hole polaron migration rates®! and the substantial
hole polaron delocalization length (2.75nm in (6,5)
SWNTs), these 31.8 and 250 ps 7¢z values for S-PBN(b)-
Ph,PDI-[(6,5) SWNTs] may reflect CR dynamics involving
both an intimately associated SWNT hole polaron and PDI™
charge-separated state, and a related charge-separated state
involving PDI™* and a hole polaron site produced via hole
migration along the SWNT backbone that occurs over this
timescale (Figure 4B).?

In summary, the S-PBN(b)-Ph,PDI-[(6,5) SWNT] super-
structure, in which a chiral [arylene]ethynylene polymer
helically wraps the nanotube surface in an exclusive left-
handed, single-chain fashion, defines the first example of
a carbon-nanotube—soft-matter assembly that enables the
electronic signatures that distinguish electron-transfer reac-
tants and products, and corresponding analyses of charge
separation (CS), charge migration, and charge recombination
(CR) dynamics, to be readily elucidated. These SWNT-based
nanohybrid compositions are based on (6,5) chirality-
enriched SWNTs ([(6,5) SWNTs] and a chiral n-type polymer
(S-PBN(b)-Ph,PDI) that exploits a perylenediimide (PDI)-
containing repeat unit; S-PBN(b)-Ph,PDI-[(6,5) SWNT]
superstructures feature a PDI electron acceptor unit posi-
tioned at 3 nm intervals along the nanotube surface, thus
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controlling rigorously SWNT/electron acceptor stoichiometry
and organization. Time-resolved pump-probe spectroscopic
studies demonstrate that S-PBN(b)-Ph,PDI-[(6,5) SWNT]
electronic excitation generates the PDI radical anion (PDI™)
via a photoinduced CS reaction (t¢s=20.4 ps). These experi-
ments highlight the concomitant rise and decay of transient
absorption spectroscopic signatures characteristic of the
SWNT hole polaron [(6,5) SWNT""] and PDI™ states.
Multiwavelength global analysis of these data provides two
charge recombination time constants (tcg ~31.8 and 250 ps).
These two CR time constants likely reflect CR dynamics
involving both an intimately associated SWNT hole polaron
and PDI charge-separated state, and a related charge-
separated state involving PDI™* and a hole polaron site
produced via hole migration along the SWNT backbone that
occurs over this timescale; this analysis mirrors dynamical
descriptions of the photoinduced charge separation and
thermal charge recombination dynamics involving semicon-
ducting polymers in the solid state.?” This work thus defines
a viable strategy to control the stoichiometry of electron
(hole) acceptors at the nanotube interface, regulate the hole
(electron) polaron density generated per nanotube unit
length for a defined set of irradiation conditions, and engineer
nanotube—soft-matter assemblies in which critical energy
transduction dynamical processes may be modulated.

Keywords: nanoscale assembly - photoinduced charge-transfer -
redox-active polymers - semiconducting materials -
single-walled nanotubes
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