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Photonic device applications of low band gap organic materials
include photovoltaics, light-emitting diodes, electro-optic modula-
tors, and optical limiter$.Each of these applications necessitates
an active conjugated material that manifests at least one type of
singlet manifold transition (— S, S — S, or S — S,) that
possesses unusually large intensity in the near-infrared (NIR). The
excited-states of highlyr-conjugated, low band gap materials
usually manifest shortened excited-state lifetimes due to large
magnitude, FranckCondon mediated, nonradiative decay rate
constants, congruent with the energy gap fadwailable NIR-
emissive fluorophores are essentially limited to indocyanine green
(ICG) and other members of the tricarbocyanine dye family, which
possess modest quantum yiékdand the add!t.lonal undesirable 0 260 500 500 700 300 200
limitations of low chemical and photostability and a marked Wavelength / nm
sensitivity to solvent polarity® Likewise, relatively few organic Figure 1. Room-temperature electronic absorption spectra of bis-, tris-,

oligomers or polymers have been identified that possess excitedand pentakis[(porphinato)zinc(ll)PZny) arrays based on tieD (A) and
singlet states that absorb strongly in the NIR. We show herein that DA (B) structural motifs in THF. Corrected emission spectra, with labeled

mesoto-meso ethyne-bridged (porphinato)zinc(ll) oligoméZi, emission wavelength maxima, are shown in the insets.

compounds; Chart 1)define the first low band gap material

platform that simultaneously provides intense, tunable excited-state ~ Reflecting the extended conjugationfian,, the emission spectra
absorptivity and large NIR fluorescence quantum yields, while (Figure 1, insets) also red-shift with increasing numbers of
overcoming solvent and stability issues associated with chargedconjugated monomeric units, penetrating well into the NIR. Table
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tricarbocyanine-based NIR laser dyes. 1 summarizes the relevant spectroscopic data for these compounds,
including the emission quantum yielgk, which for all compounds

Chart 1. Structures of Bis-, Tris-, and Pentakis(porphinato)zinc(ll) saveDA range between 14 and 22%. These values are comparable

(PZn,) Arrays DD, DA, DDD, DAD, DDDDD, and DADAD to the highest reported quantum yields for organic chromophores
in this energy regimé.The anomalously lovDA ¢ value derives

R, = _dwf’ R, = _cg o from solvent relaxation processes that augment excited-state
. ARA polarization* such dynamics play no role in determiniig in

symmetricDA-based structures (e.@s(DAD) = 17%). Save for

DA, PZn, emission bands are narrower than respectiye-SS,

absorption bands, indicating that the final distribution of excited-

state conformers is more homogeneous than the respective ground-

state distribution.

The trends in the Table ¢ data are unusual; for example, the
¢r values forDD and DDDDD are virtually identical £15%),
despite the fact thabDDDD emits at 883 nm, 2740 cri lower
in energy than th®D emission maximum; these data contrast the

Previous work onPZn,, compounds featuring meso-to-meso expected energy gap law dependehadiere increasing magnitudes
ethyne-bridged linkage topologies demonstrate that these com-of the $—S; internal conversion rate constark) track with
pounds manifest low-energy Q-state-derivedsz* excited states diminishing $—S; energy gaps and, thus, sharply decreas&his
that are polarized exclusively along the long molecular éd4s. unusual dependence ¢f magnitude upon increasinna{S: —
The optical spectra of highly solub@D-basedPZn, species and So) derives in part from the fact that,Btate yields decrease with
their DA-derived analogues, which feature alternating electron-rich increasing®Zn, conjugation length. Diminished, ST, intersystem
and electron-poor macrocycles (Chart 1; Figure 1), display lowest crossing rate constantist) thus serve to partly counterbalance the
energy transitions that gain in intensity and progressively red-shift effect of augmented FranelCondon mediated internal conversion
with increasing numbers dPZn units#®9 While the electronic that typically accompaniesSS; energy gap reductions (Supporting
structural characteristics of these species have been discussethformation).

Ry = CF,CF,CF,

previously4 it is worth noting that modes?Zn,, oligomer lengths Congruent with that observed f@D and DA,*" fs transient
give rise to low-energy, high oscillator strength-z* absorptions absorption spectroscopy (FTAS) reveatdenseNIR S; — S,
(Figure 1). excited-state absorption (ESA) bands®an; andPZns structures
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Table 1. Spectroscopic Parameters of Bis-, Tris-, and
Pentakis[(porphinato)zinc(ll)] (PZn,) Oligomers in THF

Amax €g @ Amax Amax Amax 7l

So—S)  (So—S)  (S1—So) Gi—S)  (m)°

(hmj* [M~tem™] [nm]? # [nm]# [ns]

DD 695 51 400 711 0.16 980 1.09
(1085) 810) (0.03) (656) (17.6)
DA 688 34 000 756 0.063 953 0.896
(1390) (2170) (0.01) (1422) (27.5)

DDD 770 116 000 806 0.22 1120 1.13
(1380) @®75) (0.03) (750) (7.32)

DAD 735 84 000 787 0.17 1070 1.11
(1590) (1248) (0.04) (1820) (9.94)

DDDDD 842 230 000 883 0.14 1325 0.45
(1563) ©955) (0.02) (1980) (3.56)
DADAD 798 176 000 843 0.19 1200 0.695
(1335) 987) (0.04) (1960) (5.19)

relation/ which predicts thak; is proportional to the integrated
oscillator strength of the lowest-energy ground-state absorption
band. Ther, (k1) values determined using the StrickieBerg
method can be found in Table 1 and are plotted in Figure S1; these
calculated natural lifetimes are consistent with the trends in the
experimental data, highlight the close correlation of fluorescence
quantum yields with §— S, integrated oscillator strength, and
demonstrate a rare if not unique example of broad NIR spectral
domain fluorescence energy modulation, whefemagnitudes
follow a simple Strickler-Berg relationship (see the Supporting
Information section for an expanded discussion of these trends).
In summary, we show that meso-meso ethyne-bridged (por-
phinato)zinc(Il) oligomers define exceptional low band gap organic
materials that possess both large magnitude NIR-S S
fluorescence quantum yields and substantigat-SS, absorptive

aNumbers in parentheses are spectral breadths (fwhm) of the resPeCtivecross-sections, tunable over a wide 83@00 nm spectral window.

transitions in units of cmt. ® Quantum yields were determined relative to
H,TPP in benzeneg = 0.13)8 parenthetical values represent standard
deviations from the meant Excited-statelmax values were determined by
FTAS 300 fs after photoexcitatiof Determined via TCSPC.Parenthetical
values are natural radiative lifetimes calculated by the StriekBarg
method (see Supporting Information).
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Figure 2. Normalized magic angle NIR transient absorption spectra of
the DD (A) and DA (B) series in THF. The delay times are alB0O fs.
Excitation wavelengths were 68HD), 690 ODD), 775 ©DDDD), 685
(DA), 690 DAD), and 775 nmDADAD).
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(Figure 2). These strong ESA manifolds possess maxima lying
2730-3860 cnT?! lower in energy than the respective fluorescence
bands and span a wavelength range of-95325 nm (Table 1).
Note that PZnz and PZns species possess broader S S,
absorption manifolds and multiple peak maxima compared to those
of the appropriat®Zn, benchmark; these excited-state absorptive

features derive from augmented conformational heterogeneity that

accompanies increasinBZn, conjugation lengths (Supporting
Information). The molar extinction coefficients of the S S,
transitions are similar to those tabulated for the x-polarizge~S

S; absorptions (Table 10 M~1 cm~1 for DDDDD); such broad,
intense ESA bands, that extend this deep into the NIR, lack
precedent in conjugated emissive structures.

Excited-state lifetimes were determined by both FTAS (
Supporting Information) and time-correlated single-photon counting
(TCSPC; 1, Table 1) with good agreement. The excited-state
lifetimes determined from TCSPC vary from 440 @DDDD) to
1.13 ns DDD). Trends in¢; and tes (75) are consistent with the
expected dependences upon the magnitudes of radigtivend
nonradiative Ky, rate processes, whekg includes contributions
due to internal conversiork{) and intersystem crossingi{) rate
constants; for instance, the fact tfADAD possesses a larger
value thanDAD, despite a shorter excited-state lifetime, derives
from a larger magnitudé;, congruent with the StricklerBerg

ThesePZn, species possess fluorescence quantum yields compa-
rable to the highest reported for NIR laser dyes in the-7%00

nm regime; importantly, these emitters do not suffer from commonly
cited tricarbocyanine dye drawbacks of poor photostability and
substantiaky; sensitivity to solvent polarity. These facts, coupled
with a Strickler-Berg correlation of §— S; integrated oscillator
strength with¢;, underscore the potential of these structures in a
range of photonic applications.
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