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Efficient conversion of light into other energy sources requires
the effective formation of charge-separation (CS) states that exhibit 'I"
long lifetimes and high energy conténflo this end, several 7"\
approaches have been exploited in the last years. The most common
of them is probably the design of complex multicomponent systems
that separate the photogenerated charges over long distances, either
by a cascade of sequential charge migration 3tepsy dissociation
of the charged components in supramolecular enserfblegiever,
recent studies have demonstrated that there are still many optimi-
zable parameters in simple donor-acceptor models that play a
decisive role in the kinetics of charge separation and recombination.
Among these, the approach of electronically decoupling the oxidized
donor and the reduced acceptor is most notable.

Subphthalocyanines (SubPtgye aromatic cone-shaped chro- I}R‘ a IEEF g g ® Ij
mophores that present promising properties to be exploited in B F o
artificial photosynthetic systenfgi) they are excellent antenna units
that absorb in the 556650 region with excitation energies above
2.0V, (ii) they possess low reorganization enerdiand (iii) their
redox characteristics may be tuned by the introduction of different Table 1. Selected Electrochemical and Photophysical Data for
peripheral substituenfé< Recent theoretical studies have shown SubPcs 2a—c and SubPc—Fc Dyads 1a—c?
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Figure 1. SubPe-Fc dyadsla—c and reference SubPc compourgtds-c
and3a—c. Crystal structure and packing of SubHec la

that SubPc radical anions are stabilized by partial delocalization Evpot®  Eipred’ O T At 7s° Tes
of the negative charge over the-& axial bond® Thus, when the 2a —1057 0.4 1.8 735 3.0
macrocycle is reduced, the distance between the central boron atom2bCs —1004 0.48 2.1 705 4.0

and the adjacent axial atom increases, releasing a part of the 20C: —-1013 037 20 705 35
electronic densiFy by increasing t_he 'ionic character of the polar ig 317 :1%% 8?)89 %?5 77%05 %118 g
B—X bond? Taking these properties in concert, we present here 0.1 4
the first studies on the photoinduced electron-accepting ability of 1bCs 262  —1009 0.01 0.10 705 0.1 14
SubPcs in a series of dyads having a ferrocene (Fc) donor unit 0.07 gi
covalgntly attached through thg axial posn!op of the macrocycle. 16C, 261 _998 001 011 705 0413 P
We will demonstrate that, despite the simplicity of the system, the 7. 262 -883 0005 ¢ 750 006 231
photogenerated CS states possess an extraordinary stability, with 0.06

lifetimes that reach 0.2 ms at 2&. . .
The svnthetic pathwayv to SubPc-Fc dvads-c and reference agph half-wav_e redox potentials in mV versus Fc/Febg: fluores-
Y p Yy Yy cence quantum yieldste: fluorescence lifetimes in nsima®:  singlet

SubPc®a—c, bearing electron-withdrawing fluorin@) nitro (b), maxima in nmzs: singlet lifetime in nszcs radical ion pair lifetime in
and alkylsulfonyl groupsdj (Figure 1), involves a cyclotrimeriza- ~ #s.?In THF.¢In toluene.?In benzonitrile.*Too fast for our 0.1 ns
tion reaction of the corresponding phthalonitrile, followed by axial detection Not measured.
substitution of the chlorine atom iBa—c with the appropriate
phenol derivativé®11 Compoundla crystallizes forming columns
of Fc segregated by layers of SubPcs units that packstacking
between the donor phenoxy spacer and one of the electron-acceptin
diiminoisoindole units?

Dyadsla—c exhibit the typical reversible oxidation wave of the
Fc group, which is positively shifted by 0-D.3 V versus Fc/Ft
(0 V). In the cathodic scan, as a general rule, the three series of
SubPcs studieda( b, andc) exhibit several reduction peaks, with

an always reversible first one-electron reduction process around
—1.0 V (Table 1). At more negative potentials, several processes
é)up to eight forlc) were observed. The different substituents placed

n the axial and peripheral positions of the SubPc have an effect
on the degree of reversibility of these processes (CVs shown in
the SI).

The SubPc fluorescence 2a—c and3a—c, with quantum yields
that are close to unity,emerged as a powerful tool for the
visualization and quantification of intramolecular deactivation

! Universidad Autaoma de Madrid. processes iia—c.2® Notably, when comparinda—c with 2a—c
s g{g‘rﬁgﬁyuogi\%?gg_’“a' or 3a—c, about 100 times weaker SubPc fluorescence is seen (Table
Il University of Erlangen. 1 and Figure S2). Important is the fact that, despite the strong
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4 for example, with the partial delocalization of the negative charge
over the B-X axial bond are responsible for rather large reorga-
nization energies.

0 ) These first studies on SubPcs as pure electron-accepting units
. g demonstrate the great potential of these chromophores in artificial
=] I :%; S e ° e light-processing systems. Charge separation evolves from the singlet
= [ ] 8 T et t excited state<2.05 eV) to a stabilized radical ion pair{.3 eV)
) b gﬁ‘ 5 0 whose recombination lifetime is among the longest reported for a
— A < -0.005/ dyad systent¢ This stabilization is likely due to the particular
L ;:)@: R R I characterlst_lcs' of the axial polar-B< bond, Wh!Ch increases its
I ;‘ Time / ps length and ionic character upon SubPc reduction, and the eéionor
0.0487h .ty T acceptor topology, which may prevent an efficient orbital overlap
500 600 700 800 900 1000 1100 between the reduced SubPc LUMO and oxidized Fc HOMO.
Wavelength / nm Acknowledgment. The authors are grateful for the financial
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in THF (5.0 x 1076 M) at room temperature with several time delays . . -
between 0 and 100 ps. Inset: time-absorption profiles of the spectra shown000225)' The U.S. Natlonehl Science Found:’;ltlon ((?‘HE'OJ'SS?SG)’
at 545 (filled circles) and 625 nm (hollow circles). the EU (RTN networks “WONDERFULL" and “CASSIUS-

CLAYS"), SFB 583, and the Office of Basic Energy Sciences of

quenching, the overall fluorescence pattern remains essentiallytne U-S. Department of Energy (NDRL 4674).

unchanged. This suggests that the change in quantum yields must Supporting Information Ava_ilab_le: Experimental procedures and

be due to intrinsically faster singlet excited-state deactivations. In COmPlete structural characterization of SubResc and 3a—c, and

fact, fluorescence lifetime measurements reveal a significant SUPPe-Fc dyadsla—c, along with*H NMR, *C NMR, and UV-vis

shortening of the SubPc lifetimes, which are in the range of several spectra. CVs and redox potent_lal _dataIef—c, 2a—_c, andsa-c, ¢ rystal

nanoseconds ifla—c or 3a—c and only about 100 picoseconds in daFa forla,_ an_d sele_cted emission and tran_3|ent absorption spectra.

1a—c (see Table 1 and Figure SB). This material is available free of charge via the Internet at http://
Next we probed the SubPc references and the dyads in sets mpubs.acs.org.
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