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The antiaromatic corannulene dianion, €grundergoes photoejection of an electron to yield an intimate
cage complex of Cor and the electron. Part of the complex species undergoes cage recombikation,

1.1 x 10° s7%, while the other part of complex separatkes= 2.3 x 10f s7%, and yields Cor and a Li/e”

ion pair. Diffusional recombination of the later products proceeds with a bimolecular rate constant corresponding
to ked = 1.3 x 10° M~ s71. Time-resolved laser flash-photolysis and FT-EPR experiments are used to
characterize the transient species.

Introduction CHART 1

Anions of organic molecules are able to serve as electron ‘Q
donors due to the occupation of high-lying orbitals in the Q.O
m-system, i.e. the LUMO of the neutral compound. Irradiation Q
of a solution of in situ generated polycyclic aromatic carbanions
often results in electron ejectidn’® Whereas photoejection of  radical-anion could be deduced as WélFurthermore, pulse
an electron from a neutral compound generates oppositely ragiolysis and flash photolysis experiments have elucidated the
charged redox species that attract each other, resulting in fasinteraction of electrons with alkali metal catioh< It was
back electron transfer, light induced electron ejection from suggested that a collapse between the electron and cation to

polyanionic species results in photoproducts that repel eachyjie|q an atom occur¥ but later studies suggested the formation
other, and hence their recombination is retarded. That is, the oy of an intimate catiorelectron solvated paf.

electrostatic repulsion of the species introduces a barrier that
stabilizes the photoproducts against recombination. An 'ntereSt'anions were performed mainly by Szwarc, Fox, Giling, and

ing appll_cat|on of this feature is photggalvamc céfls. _ others!~® and these provided quantitative information on the
Experiments on electron photoejection from carbanions have yinetics involved with regeneration of the ground-state anion
been pe_rformed f_or severa_l deqades. Houtlnk_ et al. illuminated fier the photoinduced electron ejection, as well as important
polycyclic aromatic carbanions in frozen solutions of 2-methyl- - aitative features of the system regarding the solvation states
tetrahydrofuran (2-MTHF) and observed the photoejected of the species under investigation. Based on these studies it was
electron at its characteristic absorbance in the near-IR €gidn  ;oncluded that the degree of association of the electron with
as well as the EPR of the photoejected electforihe rigidity the cation increases for bigger cations and at higher tempera-
of the solvent prevented the back reaction, but softening of the res2 Giling et al. also established the path of the back reaction,
glass (by heating from 77 K to 98 K) enabled }he electron 0 \yhich was demonstrated to proceed by a fast primary association
diffuse back to regenerate the original ani8i? The back ot the electron with the cation prior to a secondary back-reaction
reaction in the rigid medium could also be facilitated by \ith the complementary photogenerated neutral comp8tid.
|rra_d|a§|ng the photogenerated electron in the IR region (engrgy Since electron photoejection may also be the primary step of
which is lower than ths? energy required for the photooxidation pnqtodissociation, studying the kinetics of the recombination
of the original anion}? Using these methods, it was deduced 4 the photoproducts provided data characterizing the electron-
that the mobility of electrons in softened glass is significantly yansfer initiation of anionic polymerization proces&esther
higher than the mobility of the ionic speciésand that the ;ses of the electron photoejection processes involved determi-

electron is cgught.up.on ejection in cavities“olf the rigid solvent [ ,5ti0n of disproportionation rate constants of a variety of radical
(rather than in cationic trapsj.Therefore Hoijtink et al. could anionsd17

attribute the near-IR band and the corresponding EPR signal
arising from irradiation of the rigid solution to a solvated
photoelectron, bound within a solvent cageSimilarly, data

on the ion pairing of the alkali metal with the dianion and the

Flash photolysis experiments on liquid solutions of aromatic

Corannulene (Cor), a bowl-shaped fragment af, as
been reduced in the past by different alkali metals, and a
charging degree as high as a Cor tetraanion has been observed
upon the reduction of Cor with some of the metals uSeé’
The Li*,—Cor*~ has attracted substantial interest since four

T i i . . .

. gggto"'ne'ggl‘fége”'vers'ty of Jerusalem. negative charges are condensed in a small molecular perimeter,
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Previous studies have addressed the electron photoejection
from Cor tetraanion using flash photolysis and EPR measure-
ments®® In those studies, however, the photophysical properties \ 1-mm optical path
of the intermediary Cor dianion were not explored, although quartz cell
several fundamental features of the dianion suggest that the
photoinduced electron ejection from these polyanions could also
be of basic interest. The Cor dianion is an intriguing species:
it is relatively stable species even though it is considered to be
antiaromatic (22e, presumably arranged as an inner 6-electron
aromatic cyclopentadienyl anion surrounded by a 16-electron
antiaromatic 15-annulenyl anion). Thesystem is still curved, ampoule
although the bowl-to-bowl inversion barriekGs¢t = 8.8 kcal/
mol)?? is somewhat reduced relative to that of the neutral
hydrocarbon AG,ogf = 10.2 kcal/mol@3 as determined from
measurements on the potassium salt of an alkyl substituted
derivative?2 The’H NMR spectrum of the Cor dianion acquired
at a low temperature shows a broad absorptiah-a6.6 ppm.

This inordinately high field chemical shift reflects the antiaro-

matic character, and the exceptionally broad width of the peak

implies a close, low-lying triplet state. Calculations have shown 90°
that the lowest unoccupied molecular orbital (LUMO) of Cor

is doubly degenerate, which supports the last assumption. ey

Here we wish to report on the photoinduced electron ejection
from the curved, anti-aromatic Cor dianion, the kinetics of
recombination of the photoejected electron with the radical-
anion, and the spectroscopic features of Cor anions.
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Experimental Section ~

The Determination of Extinction Coefficients of Coran-
nulene Anions.A glass apparatus was assembled to allow the
accurate determination of the spectroscopic features of the ampoules
respective anions under inert conditions. This apparatus, shown
in Figure 1, consists of an ampule, a closed buret and a 1-mm
optical path quartz cell attached at the buret’s top. 1-cm optical path

A weighted amount (within the accuracy #{0.002 mg) of quartz fluorescence cell \ ﬁ
b

ca. 2 mg of pure Cor was inserted into the ampule. The glass
apparatus was then filled with argon; a lithium wire was freshly
produced and directly inserted into the ampule, and immediately
afterward the apparatus was connected to a vacuum line. The
whole line and the glassware were flame-dried under vacuum.
Previously distilled (and dried over a soditipotassium alloy) Figure 1. Glassware assembly fabricated for: (a) The determination
tetrahydrofuran (THF) was vacuum-transferred to the buret part ©f the absorbance spectra of the respective anions. (b) The preparation
of the glassware. Degassing was performed by the freeze of samples for the kinetic analysis of the electron photoejection.

pump-thaw method, and the apparatus was then ﬂame'sealedradical-anion, the UWVis spectrum of the solution was

under less than 0.01 mbar pressure. measured several times through the course of reduction. Plotting
Upon transferring of a small amount of THF to the ampule  the OD ati . 0f the radical-anion against time yielded a curve
the Cor dissolved completely, and the resulting solution was exhibiting a maximum OD value. This value was taken to
a”OWed to react W|th the ||th|um Wil’e. Aﬁer a Short t|me interval Correspond approximately to the Complete transformation Of the
the solution changed its color from faint yellow to intense green, neutral Cor to Cor radical-anion.
which indicated the formation of the radical-anion. The whole The same method was app“ed for the determination of the
apparatus was then washed with the solution in order to dry ahsorbance features of the Cor dianion (purple solution) and
the glass from trace amounts of moisture. This was usually the tetraanion (brown solution) of Cor, assuming that each
attended by disappearance of the green color. Transferring themaximum is indeed indicative of an almost complete transfor-
solution to the ampule and concentrating it (by vacuum transfer mation from one reduction state to the next. This assumption is
of most of the solvent to the buret part) allowed a further contact phased on complementary NMR and EPR experiments, which
of the solution with the metal, which regenerated the radical- reveal that when the dianion is visible there is no neutral
anion. compound and no radical-anion (which for even minute amounts
After the green color persisted in the solution upon the of the latter would have extinguished the NMR peaks of the
repeated treatment of the Cor solution as described, the reductiordianion). NMR also shows that after a few days of continuous
of the sample was performed with a fixed volume of the solvent reduction only tetraanion peaks are visitle.
in order to maintain a constant concentration of the anionic  Kinetic Measurements.GlasswareThe glassware that was
species through the experiment. To determine the accurate poinfabricated for the kinetics measurements had to satisfy the
in time at which most of the Cor has been converted to its following two constraints:
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Figure 2. Steady state UV Vis spectra of the charged species derived from corannulene: (a) radical anion, (b) dianion, (c) tetraanion.
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Figure 3. (a) Transient UV-Vis spectrum of the irradiated of Cor dianion solution (excitatiod at 512 nm). The spectrum is acquired 108
after the laser pulse. The bleaching of the dianion can be obserned &12 nm, and the transient formation of the radical anion is reflected as
the positiveAOD at 659 nm. (b) The curve obtained upon subtraction of the steady-staté/Id\6pectrum

of the Cof~ from that of the Cor (normalized to the yield of the photoprocess).

(1) To initiate the reduction within a reasonable time from The UV-Vis Flash Photolysis Syster® Nd:YAG laser
the first contact with the lithium wire, a fairly high concentration (Continuum Surelite 1), equipped with second and third har-
of the organic substance is needed. This high concentration usednonic crystals was used as the base light source. The 355-nm
for charging is, however, not suitable for the optical measure- third harmonic light source (1 Hz repetition rate 150 mJ/
ment, due to the high molar extinction coefficients of the charged pulse, 5.5 ns pulse width) was used to pump an optical
species. Therefore the glassware apparatus was fabricated tparametric oscillator (Continuum Surelite OPO), resulting in
enable both the concentration and dilution of the sample, monochromatic light pulses within the visible range (3000
respectively. nm) at a constant power output of 285 mJ/pulse (wavelength

(2) As the optical cell by itself is not suitable for vacuum dependent). The excitation of the Cor dianion was performed
distillation, the glass apparatus was constructed of two ampulesat its absorbance maximummax = 512 nm, to obtain the
and a 1-cm optical-path quartz fluorescence cell, as shown inOptimal results, (nonetheless, the photoprocess also occurred
Figure 1b (for the EPR experiments an EPR tube replaced theWhen irradiating with a 532-nm beam). The excitation pulses
optical cell). The reduction process took place in the ampule hitthe sample chamber while the analytical light source analyzed
containing the lithium wire. By transferring a small amount of the spectral changes in the sample chamber in a perpendicular
the material to the optical cell and most of the solution to the configuration.
vacant ampule, distillation (by vacuum transfer) of solvent to  The analytical light source for probing the absorbance changes
the lithium ampule, and then transferring of the distilled solvent in the sample as a result of the laser pulse excitation was a
to the optical cell enabled the generation of a dilute solution of pulsed Xe arc lamp. Since the absorbance transients of some
the respective anion in the optical cell. of the species were in the ms time scale, pulsing the analytical
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Figure 4. Transient EPR spectra of the irradiated Cor dianion solution (excitatibrmab32 nm), acquired at selected time intervals after the laser
pulse. Note the decaying signal of the photoelectron at 3278 Gauss.

lamp was applied only for probing the fast transient components. transfer line, which was used to cool the sample to 175 K. The
Noise reduction for the total curve was achieved by electronic detection system was a pulsed FT-EPR spectrometer (Bruker
amplification of the signal wit a 1 K2 resistor. ESP 380, 24 ns microwave pulses). Free induction decay (FID)
The spectral changes were recorded by two complementarysignals were detected at selected delay times after the laser pulse.
detection systems, which were interchangeable by changing theThe end spectrum of the Cor radical anion.(das after
position of a mirror. One detection system consists of a Photoexcitation) was used for the phase correction of the series
monochromator-photomultiplier (PMT) detection system com- Of spectra recorded in the time domdir- 0 tot = 1200 ns.
bined with an oscilloscope (Textronix, model 2430A). This ] ]
detection system was used to follow transient absorbances at &3esults and Discussion

fixed wavelength. The data recorded with the oscilloscope were  Figure 2 shows the absorbance spectrum of the Cor radical
transferred to a personal computer for further processing andanion, curve (a)nax= 659 nm,e = 6200 M1 cm1), the Cor
kinetic analysis. The second detection system was an intensifieddianion, curve (b) {max= 512 nm,e = 11700 M1 cm™1) and
charge coupling device detection system (ICCD), used to acquirethe Cor tetraanion, curve (Chkax = 429 nm,e = 18200 M1
a transient spectrum at a certain point in time after the laser cm-1), formed in the different phases of reduction of Cor by
pulse. The light passing through the sample was guided throughiithium metal. The vastly different molar extinction coefficients
an optical fiber, projected on a 150-grooves/mm grating (Acton of Co”~ and Cot~ at 512 and 532 nm allow the selective
Spectrometer, model SP-150) and reflected on the ICCD jrradiation of Co?~ and spectral analysis of the photoejection
detector. The ICCD detector (Princeton Instruments) was cooledprocess. Photoexcitation of the @orsolution, ca. 4x 1075
to —30 °C in order to increase its sensitivity. A controller M, , = 512 (the parent solution does not include Coas
(Princeton Instruments, model ST-130) controlled the ICCD’s confirmed by EPR and absorbance measurements) yields the
temperature and the data transfer to a personal computer, and &ansient spectrum shown in Figure 3, curve (a). It includes a
high voltage pulse generator (Princeton Instruments, model PG-pleached absorbance bandiat 512 nm, consistent with the
200) was used to allow for exposure duration as short as 100dijsappearance of Cbr, and the build-up of an absorbance band
ns. The PMT detection system was synchronized (LKS, Applied at] = 659 nm, consistent with the formation of CarAnalysis
Photophysics) directly with the laser Q-switch. The synchro- of the transient spectrum by the subtraction of the?Cémom
nization of the ICCD detector with the laser system was Cor- spectrum (normalized for the yield of the photoprocess)
achieved with the LKS system coupled to a delay generator generates a calculated spectrum that almost coincides with the
(Stanford). Nonlinear curve fit analyses were performed using experimental transient spectrum, Figure 3, curve (b).
the Microcal Origin 5.0 software package. EPR measurement at 175 K (no EPR signal could be observed
The FT-EPR Flash Photolysis Systéfhe irradiation source  at room temperature due to fast T2 relaxation times) of the
for the FT-EPR flash-photolysis system was a Nd:YAG laser solution showed no signal before the beginning of the flash-
(Continuum 661-2D), equipped with a second harmonic crystal. photolysis experiment. Laser excitation of the €osolution
The 532 nm pulses (20 Hz repetition rate?5 mJ/pulse, 12 ns  resulted in a time-dependent FID signal (averaging of 50 scans
pulse width) were guided with prisms to the center of the cavity for each time interval), Figure 4. A close comparison of the
of the EPR. The cavity was connected to a liquid nitrogen spectra reveals two superimposed spectral patterns. The first
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Figure 5. Transient UV-Vis curves detected at different time scales at the characteristic wavelengths of the Cor dianion (512 nm, curves (a) and
(c)) and Cor radical anion (659 nm, curves (b) and (d)).

one is identical to the known radical anion specttiand is only ca. 1% of the OD value of the bulk solution at this
almost constant throughout the time range measuredud.2 wavelength. Hence, 256 scans (for each wavelength) using the
and even longer). The second one is a singlet that is attributedPMT detector and 1024 scans using the ICCD are needed to be
to the photoelectrof® Subtraction of the spectrum taken at the averaged in order to obtain transients with reasonable signal-
last time interval (which contained the spectrum of the radical to-noise ratios. This implies that only a small fraction of the
anion only) from the others indeed yielded the isolated spectra excited dianion population undergoes light-induced electron
of the photoelectron (not shown). Kinetic analysis of the ejection.
transient decay of peak-intensity of the photoelectron spectrum  Figure 5 shows the transients corresponding to the recovery
revealed a pseudo first-order rate constant corresponding to caof the bleached C8r, curve (a), and the decay of Corcurve
1 x 10° s*%. The data described above confirm that the light- (b). Close inspection of the transients reveals that both transients
induced process under investigation corresponds, indeed, to annclude components exhibiting a fast recovery of the bleached
electron photoejection from the Cor dianion. Reappearance ofspecies, and a fast decay of the radical anion (curves (c) and
the original UV-Vis spectrum of Coi~ and disappearance of  (d) respectively), followed by slow decaying processes. The fast
the EPR signal for Cor over time 1.0 s at 175 K)  transients shown in Figure 5(c) and 5(d) followed a first-order
furthermore shows that the observed dark process is the backate |aw, showing similar rate constant values, 1x120° s*
electron transfer to the radical anion, which regenerates theand 0.97x 10f s¢, respectively. The transients shown in Figure
dianion. 5(a) and Figure 5(b) were analyzed for second-order decay fits.
As the Cor dianion and Cor radical anion exhibit distinct The values of the molar extinction coefficients obtained for the
absorbance bandsat= 512 nm and. = 659 nm, respectively, respective anionic species were used to calculate the second-
the electron photoejection is reflected by the bleaching of the order rate constants. The rate constant values obtained for the
ground-state Cor dianion at= 512 nm and the formation of  recovery of the bleached ground-state Cor dianion and the decay
an absorbance band/at= 659 nm. The recombination process of the radical anion are similar, 1.34 10° M~ s and 0.97
between the photoejected electron and*Cas then identified x 10° M~1s71 respectively. We think, however, that the value
by following the recovery of the bleached signaliat 512 calculated for the recombination rate constant based on the
nm (for CoP~) and the decay of the CoratA = 659 nm. The dianion regeneration is more accurate than that obtained by the
back reaction is a relatively slow process (about 40 ms at room analysis of the radical anion decay, since the absorbance of the
temperature), and the electron ejection is completely reversible.radical anion atA = 512 nm is negligible, whereas the
The bleached absorption At= 512 nm has aAOD value of contribution of the dianion to the total absorptioniat 659
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nm is significant. Therefore we determine that according to our electron with the LT ions defies the distinct electronic state of
measurements the back reaction occurs at a rate ofQ.3) the free electron, and hence thef|dg-] complex species lacks
x 10° M~1s71 The back electron transfer rate constant ofCor  an EPR signal® Thus, the free electron can only be detected
and the electron is in agreement with the recombination ratesin the cage of photoproducts, and its decay within casis
of other polycyclic radical anions with electroh@n the other consistent with the lifetime of the cage structure. (iv) The
hand this recombination rate constant is ca. 10-fold slower than[Li *,e”] ion pair is capable of reducing Cor eq 5. The
the recombination rate constant observed for neutral species andeduction potential of the ion pair is, however, substantially
electrons (generated by photoejection of an electron from alower3~5 resulting in a slow recombination ratige? = 1.3 x
radical anion}>® The retardation of the back electron transfer 10° M~! s~L This slow back electron transfer may be further
with Cor~ is attributed to electrostatic repulsion between the explained by aromaticity considerations.
recombining species.

Upon calculating an approximate value for the diffusion rate Conclusions
constant in THF at room-temperature based on viscosity
measurements (0.0048 Poiseje obtains a value of 14 10
M~1 s71 a value that is of 1 order of magnitude higher than

We have demonstrated the light-induced ejection of an
electron from corannulene dianion and have characterized the

the observed rate constant. Thus, the second-order back electroﬁ hotoprqducts by means of tlme-resolved EPR and laser flgsh
photolysis. Electrostatic repulsion between corannulene radical

transfer process is not diffusion controlled. The slow rate might © . ) o . .
- . . anion and the ejected electron facilitates the dissociation of the
originate, as suggested before, from the electrostatic repulsion.

between the radical anion and the electron. A further contribu- |ni_tiaIIy f_ormec_j cage of the p_hotoproducts. The formation Qf a
tion to the slow back electron transfer could be the fact that the [L|.+,e‘] |on.(pj)a|r aftler separatlo?;_of tg? (:I%ctro:lhfrtom the radical
o ) . . anion provides a low-energy timediated path to overcome
?serqggfodm%?irc ngﬁ’:; ?hnélarlirr?]r.natlc properties whereas Cor ele_ctrostat_ic_ repulsion betv_veen Ct_)and the ejected eleqtror_l,
The analysis of the kinetic decay of the photoejected electron which facilitates the radical anion/electron recombination
using EPR spectroscopy, and the transient decay of the CorProcess:
radical anion, using laser flash photolysis, reveal important
differences. While the photoejected free electron decays within
1 us in the EPR spectrum at low temperatures, the decay of the
Cor radical anion, and the regeneration of the Cor dianion,
proceeds on a time scale of several milliseconds! To understand
this difference, we examined the initial, primary decay of the
Cor~ (and the recovery of the Cér) on a short time scale (5
us), Figure 5(c) and (d). We observe a fast-decaying transient
component on a short time scale for the decay of C@s well
as a fast recovery component for €gr Both of these rapid
kinetic processes follow first-order kinetidsx~ 1 x 10° s™1,
Following these results, the reactions outlined in eg$ hre (1) Eloranta, J.; Linschitz, Hl. Chem. Phys1963 38, 2214.
formulated to account for the light-induced photoejection of the | D(Z\)NG(':'L”egn'q'--PJH?}IE'OL%%%%G’Q 34-5%-? Rettschnick, R. P. H.; van Voorst,
electron from Cor dianion and the recombination process of (3) Ranme, G.: Fisher, M.; Claesson, M.: Szwarc, Bto. R. Soc.

the photoejected electron: Lond. A.1972 327, 467.
(4) Giling, L. J.; Kloosterboer, J. GChem. Phys. Letfl973 21, 127.
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