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On the triplet lifetime in free, photo-excited C 4
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It has recently been suggested that the lifetime of the lowest triplet state in multiphoton-exgited C
is much longer than anticipated. If true, this would invalidate the assumption of internal thermal
equilibrium in the description of statistical decay processes of the molecule, such as thermionic
emission. We present pump—probe measurements which show that the lifetime is bpkowt1
vibrational excitation energies of 6.5 eV, and that it decreases further to 40 ns at 10 200®
American Institute of Physics[DOI: 10.1063/1.15748Q1

The lowest triplet state of £ plays an important role in  overlapping pulsed laser beams in the static extraction field
the multiphoton ionization of the molecuté. Recently it  of a time-of-flight mass spectrometer. The 3rd harmonic of a
was suggested that also the delayed ionization is affected Byd:YAG (355 nm, 3.49 eV, pulse duration 9 ns FWHM,
it.>* In these experiments, neutrajvas photo-excited to collimated and mildly focused to a beam diameter of 3)mm
high internal energies, causing delayed ionization of the molwas used as pump laser. An ArF excimer |ag€3 nm, 6.4
ecule. The temporal dependence of the ion yield was intereV, pulse duration 17 ns FWHM, collimated to a diameter of
preted in terms of a long lifetime of the lowest triplet state of2 mm) served as probe laser.

Ceso- In Ref. 4 it was held responsible for the observed quasi- The spatial overlap of the two laser beams was opti-
exponential cutoff in the delayed ion yield on the timescalemized by moving the probe beam collimator while monitor-
of several tens of microseconds. A lifetime on that scale isng the G ion yield. The temporal overlap and the duration
consistent with pump—probe measurements on cgitp®-  of the laser pulses quoted abowehich present averages
duced in a laser vaporization sourceut not with later mea-  over many shotswere determined with a fast photodiode of
surements at higher temperatutes. 1 ns resolution. We also employed this photodiode, together

Along-lived triplet state will have ramifications not only with a pulse-height analyzer and a fast—slow coincidence
for the understanding of delayed ionization but also for thegjrcuit, to limit shot-to-shot energy fluctuations of the probe
value of the much disputedsg-C, binding energy of G.  |aser beam ta-5% (worst casg Details will be presented
The quantitative description of delayed ionization is con-g|sewheré.
nected to the value derived for this binding energy because Figyre 1 summarizes our data recorded as a function of
that energy determines the temporal behavior of the yield ofymp_probe delay, for pump laser fluences of 2.7, 6.4, and
Cgo in delayed ionization. The_latter has been found expering 4 mJ/cri (open dots, solid dots, and solid squares, re-
mentally to be a power law with an exponenD.64:0.10  gpectively. Even though this represents a tenfold variation in
which can be interpreted as the ratio of the ionization potenpump fluence, the increase of the ion yield, for a fixed delay,
tial (IP) to the Gy binding energy. If delayed emission oc- g surprisingly small. By contrast, a very dramatic depen-
curred out of a long-lived triplet state, it would reduce the IPyance of the yield of delayed;gions (or electrong on laser

by 1.7 eV, or some 20% and hence the deduced value of thg ence is obtained in a one-color experiment, for photon
dimer binding energy by the same fraction. energies b=3.49 eV®

The question of the lifetime of the triplet state can be  £q |5yest aser fluence, the semilogarithmic plot of the
resolved by a pump-—probe experiment where one, or s in Fig. 1 shows essentially one lifetime, of ordens,
counta}ble numger: of, pho_t(s) IS at;so_rbedf frorln a Ipul_sedh but closer inspection reveals a negative curvature. The nega-
pump faser, an t € surviving popu ation of molecules In & o ¢ rvature indicates the presence of several different life-
triplet stqte IS mo_nltoreq versus time by a probe laser pUISﬁmes in the ensemble. As discussed in more detail below,
that can ionize W'th a single photon. _ this reflects the distribution of vibrational energies in the

In the experiments reported here, the, @as vapon_zed anonical ensemble of (g that effuse from the oven at
from a copper cell kept at 4}50°C. The beam was colllm:’?lte 50°C. The experimental data in Fig(dpen dots are suc-
to a diameter of 2 mm and intersected at 90° by two Spatla”)é:essfully fitted(dotted ling with a log-normal distribution of

lifetimes, i.e., a distribution that is Gaussian on a g(
dAuthor to whom correspondence should be addressed. Electronic maiscale. The average lifetime is obtained a§:0_74

olof.echt@unh.edu 4 . o .
PPresent address: Chalmers University of Technology and Gothenburg Uni- 0.01us, and the rms width of the distribution Siog ~

versity School of Physics and Engineering Physics, SE-41296 Gothenburg.- 0+ 29 which is ?qUi_Vale_nt to a factor 1.8 m _
Sweden. The dashed line in Fig. 1 represents a fit to the medium-
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© 2.7 mJfem 3 FIG. 2. Solid dots: Lifetimes of the triplet state extracted from the data in
M T TR [ T Fig. 1, plotted versus the computed vibrational energy fgytat, initially
0 1 2 3 4 5 6 at 450 °C, has been pumped into the triplet state upon absorption of either
Delay (ps) one or two photons at 355 nm. The line running diagonally across the figure

is from Ref. 5. The solid squares represent previously published experimen-
FIG. 1. Open and solid dots: Yield ofgas a function of the delay between tal data as presented in Ref. 5.
pump and probe laser for three different pump fluences, as indicated in the
figure. The inset provides a more detailed view of the same data for short
delays. The dotted and dashed lines represent fits of a log-normal distribu- L .
tion of lifetimes; the solid line is a superposition of two distributions with Where n=1. Similarly, absorption of two photonsn2)
distinct average lifetimes. produces G in the lowest triplet state witlt,;,=9.94 eV.

These energies are assigned to the values;ef0.74 and
7,=0.041us, respectively.

fluence data using the same average lifetime, and distribution In Fig. 2 we compare the lifetimes(Eyj,) and 5(Eyip)
s ... extracted from our present datsolid dotg with various re-
of lifetimes, as for the low fluence data. The fit is

. - . Its from the literature. In particular, the heavy line repre-
reasonablé, but the inset in Fig. 1 reveals that this set of sults from the literature particular, the heavy line repre

. sents a deconvolution of pump—probe absorption measure-
gzlr:)r/r;eters does not properly describe the data for very shorrfentS in a vapor cell around 1000 K, wily(T) derived

; I . from the caloric curve of g; the thin line is an
This appearance of another, much shorter lifetime is bo;

most clearly seen for data recorded at highest fludsokid extrapolatior®. The three solid diamonds for low energy are

: - ) e experimental results, again witlk,;, derived from the
diamonds. The solid line represents a fit of two lifetimes, P . 9 vib
known, or estimated temperature of .

each with the saméfixed) distribution as described above. . TN . . .
The value ofr is kept at 0.74us: the value of the short Next we consider thdistribution of vibrational energies
71 b S in Cgo. At a given temperaturd, this distribution can be

lifetime is obtained as,=0.041us. A fit of two lifetimes to derived from the calculated vibrational frequenci®She

the medium-fluence data does, in fact, produce about th8ashed line in Fig. 2 represents this vibrational energy dis-

same V‘?'“e forry, although with Iarger.uncertalnty. tribution at 450 °C. It is very nearly Gaussian, with an aver-
We first note that the observed lifetimes are much shorter . . S =T
. ) . _age energy of 4.66 e\thin vertical line in Fig. 2, and a rms

than the tens of microseconds suggested in the analysis | dth of 0.73 eV

: i
Ref. 4._They are also much shorte_r than the 42 mmrosecomyg Each of the subensembles which result from absorption
found in Ref. 1 where the experimental goal was to probe

verv cold of either one or two photons will be characterized by an
yFor acr\‘}:)(lare detailed analvsis. we interpret the data ienergy distribution with this source rms width of 0.73 eV.
ysIS, P rheflecting this distribution off the(E,;;) curve suggested

terms of the temperature or, equivalently, the vibrational enby Etheridgeet al,® one expects that each subensemble of

ergy dependence of the triplet lifetime. We need to conside{:60 having been pumped into the triplet state after absorp-

the vibrational energy in the fullerenes that contribute to thetion of n photons, will be characterized by a log-normal dis-
lon yield, i.e., fullerenes that can be one-photon ionized With ;) i “of lifetimes with a width 0.259. This is indeed

;TgtgroA?tZrlzsbesrotr)et(izggii thhegfcoirse f'rr:)r?]ntheelecgr?]nlﬁggzrei(ﬁget%und to be the case, with an excellent agreement between
’ P P pump ' this value and the width of 0.25 that resulted from the fit to

tot_al ex_C|tat|on energy is the sum of the thermal energy aCur low-fluence data in Fig. 1. We therefore conclude that

quired in the source, and the absorbed photon energy. For . e o
: . oth the mean and the width of the lifetime distribution are

low pump fluence, one-photon absorption dominates. A frac- . . . .

. . ) consistent with the expected vibrational energy dependence

tion of these one-photon exciteg@nay relax into the low-

. . f the lifeti f the | ipl f
est triplet statgenergyEipet= 1.7 €V) rather than into the of the lifetime of the lowest triplet state ofg.
. mplet = : Note that the subensembles of one-photon and two-
electronic ground state; their vibrational energy is

photon excited g, do not contribute to delayetthermally
Evib=Eyin(450 °Q + nhv— Eyipe=6.45 €V, (1) activated ionization because their vibrational energy is way
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too low. This is also evident from the fact that the pump-onlymined by the lifetime but rather by the thermal population of
ion yield is vanishingly small for low fluence, 2.7 mJ/enit  the triplet state. This gives rise to a nonexponential time
would require absorption of several more photons to causdependence which will be the subject of a future
thermally activated electron emission, whether out of thepublication’

ground state, or the lowest triplet state. Unfortunately, sub- ) ) .
ensembles with lifetimes being much less than the convo- 1 his work was supported by the National Science Foun-
luted duration of the laser pulsé9 ng remain invisible in ~ dation under Grant No. 9507959, the Air Force Office of

our experiment. Figure 2 suggests that this rules out the giScientific Research under Grant No. F49620-98-1-0499, and

rect detection of any component that has absorbed more thdf€ Academy of Finland under the Finnish Center of Excel-

two photons. We also note that whereas recent pump—proggnce Program 2000-2005.
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