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Abstract. The interaction of solidCg with trains of picosec- when irradiated by light of an intense enough laser and com-
ond infrared (IR) pulses, tuned over tBel5um range, is plications can arise from (reversible) photopolymerisation [5]
studied. At some specific wavelengths, white-light emissioror photo-assisted oxidation &g [6].

as well as ejection of ionic species from the solid is observed. Some potentially interesting properties of solidy are

The spectral characteristics of the white-light emission represently not well understood. Among these is the in-
semble those of a black body. The mass distribution of théense ‘white-light emission’ first observed by Feldmann and
ejected ionic species shows substantial amountSgefco-  coworkers [7] and later reported upon by Roth and coworkers
alescence products. Unexpectedly, all these processes otiya series of similar papers [8—10]. This white-light emis-
occur at wavelengths where solip is relatively transparent.  sion is observed when exciting crystalli@gy by visible or

No white-light emission nor ejection of ionic species is ob-near-infraregslaser light [7—9] or by electric current (elec-
served when being resonant with an IR-allowed transition ofroluminescence) [10]. Recently, it was pointed out that, in
Cso. It is concluded that reguldCeg is not the chromophore the case of electroluminescence, impurities in the solid are
for the observed processes, and that sequential absorptioniofportant for the initiation of white-light emission and that
single photons by a strong absorber that is dilute in the cryst&lgo irreversibly decomposes in this process [11].

takes place. Plausible chromophores are sites that are interca- In this article we present results on the processes that
lated with alkali metals. Accumulation of energy at these siteeccur when solidCgg is irradiated by a train of intensgs
leads to fullerene coalescence in the solid, ion ejection, angulses of infrared (IR) light. At specific wavelengths, white-
white-light emission, ultimately resulting in the destruction oflight emission is observed, and its spectral characteristics are

the Cgo molecules. determined. The emission intensity is monitored as a func-
tion of IR laser fluence and wavelength as well as of sample
PACS: 36: 79.60° 81.40 condition. WhenCgg single crystals are illuminated under

high-vacuum conditions the ejection 6f; as well as other
ions is observed, indicating that the IR laser triggers a high-
energy process. A plausible mechanism leading to the white-
Cso is @ molecule with many remarkable properties. Its highlight emission and the ejection of ions is presented, which has
molecular symmetry make3s perhaps the largest molecule devastating implications for the anticipated ‘device perform-
that can be understood in detail. Over the last years, solidance’ [10].
state properties o€g9 have attracted a lot of attention [1].
Its strong intramolecular and weak intermolecular binding
makes solidCgp an ideal model system for a molecular crys-1 Experimental
tal, and enables facile intercalation with a variety of species.
Solid Cgp can be efficiently intercalated with metal atoms re-The experiments have been performed at the FELIX user
sulting in a pronounced modification of its electronic properfacility (‘Free Electron Laser for Infrared eXperiments’)
ties. As one of the most spectacular ressCeo (A=K, Rb,  in Nieuwegein, The Netherlands [12,13]. This laser pro-
Cy9 intercalation compounds are shown to have a supercomtuces IR radiation that is continuously tunable over the
ducting phase [2], and1Cgo [3] compounds can polymerize 100-2000 cnt?! range with a typical bandwidth d¥.5% of
and have metallic phases [4]. the central frequencys(cnm! at 10.m). The light output

As a consequence of the facile intercalation, one has toonsists of macropulses of abobifis duration containing
consider the possibility of impurities when analyzing ex-up to 50 mJof energy, although in all experiments reported
perimental results on soli@gp. In addition, althougiCgsp is  here macropulse energies of orly5mJ are used. Each
a fairly stable molecule, soli@sp can be chemically modified macropulse consists of a train of micropulses that are approxi-
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mately 1 pslong and1 nsapart. The macropulse repetition
rate is5Hz The IR beam is aboud mm in diameter, and
no focusing is applied in any of the experiments. The corre-
sponding peak powers are3—15 MW/cn?.

Three different kinds 0€g9 sample, thin films, polycrys-
talline powder, or single crystals are used in these experi
ments. The starting material for all these samples is polycrys-
talline Cgo powder with a stated purity of 99.9% (Hoechst
‘Super gold gradeCgp) which is heated under vacuum for
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a prolonged period of time to remove residual solve@ts. 03 F

thin films are obtained by sublimation of this starting ma- b

terial onto an IR-transparent substrakB( or ZnSg. Cgo

single crystals are grown from re-sublim&gh powder in an 0.2 [Absorption spectrum of 5.2 um thick film

evacuated and sealed quartz tube. The detailed procedure f%r
growingCgo crystals has been published elsewhere [14]. e

In the optical emission studies, the sample is located® o.1 | J
in a nitrogen atmosphere, and rests on an ceramic plate. |
A small hole in this plate allows the simultaneous measure- w/
ment of transmission spectra Gy samples using a pyrode- 0.0 -
tector. Emitted light is either collected through an IR micro- - C
scope with reflective optics onto a red-sensitive photomul-—. 40 |-

tiplier tube (PMT, RCA C31034-02), or measured directly % & F Transmission spectrum

with a photodiode (EG&G, FND-100Q). In one experiment, & 30 [ |

the light is measured simultaneously with the photodlodeg J\ )

and with a MCT (Graseby, HCT-21-C) detector. In front of 2 207 | \ |

the MCT detector, a sapphire and a germanium window ares 10| | /
|

placed, transmitting only light in the wavelength range be- L/\M/
tween2 um and 6 um. For spectral analysis of the emitted 0 / U J s
600 800 1000 1200

light a monochromator together with the above-mentioned »
PMT is used for the visible region, and a FTIR spectrometer Wavelength [cm ]

(Bruker IFS 66v) equipped with a standard IR beamsplitig.1. a Time-integrated emission intensity of a thicso crystal as

ter (Ge—KBr) and a DTGS detector is used for the infrareda function of the frequency of the excitation lasbr.Absorption spec-

region. trum of a5.2-pm-thick film of Cgp measured in an FTIR spectrometer.

To study the laser-induced ejection of ions from So"dfa-;;%?;irlr;tﬁgr;Ele light through the thickgg crystal, measured simul-
Cso samples, experiments are performed under high-vacuum
conditions. The apparatus consists of a turbo-pumped vac-

uum system (pressure in th€'—108 Torr range) contain- are observed, separated by regions of no intensity. For com-
ing a short time-of-flight (TOF) mass spectrometer. The  parison, the absorption spectrum ob&-pum-thick film of
crystal rests on a gold-coated copper disc that is mounte@go is shown in Fig. 1b. No white-light emission is observed
on a temperature-variable manipulator arm. Prior to the exwhen the IR laser is resonant with IR-allow€gh transitions.
periment, the crystals are heateds@0 K to remove surface In Fig. 1c the transmission spectrum through the same crys-
contaminants aner oxides. The target holder is flush with tal, measured simultaneously with the emission spectrum, is
the lowest TOF plate, which is at ground potential. The secshown. The white-light emission spectrum and the transmis-
ond plate is pulsed to an intermediate negative high-voltagsion spectrum are very similar.

level while the third plate together with the flight tube are on  This similarity is consistent with another observation that,
the final (negative) high-voltage level. lons are then detectedt the start of a new experiment, the white-light emission pre-
on a dual micro-channel plate (MCP) detector. The signal islominately originates from regions near the bottom of the
amplified, recorded on a digital oscilloscope, and transferredrystal. When such a crystal is then turned around, after some
to a PC for further analysis. exposure time to the IR laser, emission is also observed from
localized spots on the top of the crystal. When the emis-
sion occurs from the top of the crystal, white-light emission
is observed to be more or less independent of the excitation
wavelength. White-light emission can also be observed from
other Cgo samples, such as polycrystalli@g, powder and

thin films. In many instances it turned out to be necessary
to fire the laser onto the target for some time before emis-
An intense pulsed white-light emission is observed from thesion is initiated. Also in these cases, the excitation spectra
Cso target, when illuminating it with unfocused IR light of are structureless and show no correlation withGggabsorp-
specific wavelengths and sufficient power. In Fig. 1a the timetion spectrum. Whereas emission from thick crystals remains
integrated white-light emission intensity of a thi€lso crys-  stable for days, powders and thin films slowly stop emitting
tal, as measured with the silicon photodiode, is shown alght after several minutes to hours. For all samples studied,
a function of the frequency of the excitation laser. Clear peaka strong dependence of the white-light emission intensity on

2 Results

2.1 White light emission
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the intensity of the IR excitation light is observed; the time-in the short-wavelength region of the spectrum [15]; after alll,
integrated white-light emission intensity as detected with the um-thick film of Cg already appears brownish to black to
photodiode scales roughly with the intensity of the IR ex-the eye [16]. In this case, the true maximum of the emission
citation light to the 6th—10th power. However, as discussedurve would lie further in the short-wavelength range and the
below, this apparent power dependence does not give a ddackbody temperature would be closeda00 K
rect physical meaningful insight into the process when only Furthermore, it should be noted that the spectrum shown
the short-wavelength tail of a blackbody emission curve isn Fig. 2 is recorded by time-integrating the emitted light in-
detected. tensity. Since the corresponding ‘temperature’ of the white
In Fig. 2, the time-integrated dispersed emission spedight will change continuously from room temperature to
trum of aCgp crystal is shown for a fixed value of the ex- a high temperature and back, the interpretation of the data in
citation wavelengthX1.2 um) and fluence. The visible part terms of a single ‘temperature’ might be problematic. As the
of the spectrum is recorded by passing the light througlemissivity of a blackbody is highly nonlinear with respect to
a monochromator and measuring the intensity of the light byemperature, it is expected that the observed curve is selec-
a red-sensitive PMT. The near-infrared part of the spectrurtively representative for the highest temperatures.
is recorded with the FTIR spectrometer and the DTGS de- To elucidate further the processes involved, the time struc-
tector. Both spectra are corrected for the overall wavelengthure of the emitted light intensity from &g single crystal
dependent detection efficiency of the corresponding spe@xcited atl1.2 umis examined. For this, two different detec-
trometers. Since neither of the two spectra are collected on dars are employed: 8i photodiode that is sensitive through-
absolute scale, and as both spectra unfortunately do not oveut the visible range of the spectrum up to abbdtum and
lap, an a priori unknown scaling factor is connecting the twoa MCT detector with a sapphire and a germanium window in
In Fig. 2, this scaling factor is chosen such as to suit the eydront, so that it is sensitive in the IR, between 2 &ym.
Shown as dashed lines in the figure are blackbody emissiofheir traces are shown in Fig. 3a. The corresponding enve-
curves for temperatures @000 K, 3000 K, and4000K The  lope over the FELIX micropulsesis shown in the lower part of
experimental curve is closest to that of a blackbody at a tenthis figure. It should be noted that both detectors and their cor-
perature of3000 K The experimental curve is somewhat responding amplifiers are fast enough so that on the time scale
narrower than a calculated blackbody curve, for which sevin Fig. 3, their time constant does not influence the shape
eral effects could be responsible. First, a blackbody emissioof the curves. The data shown in Fig. 3a clearly shows that
spectrum is only observed when the sample is at thermal equire curves from th&i and MCT detector are different. Both
librium and when the density of states is high. Although thecurves rise steeply in the beginning and then decay almost ex-
density of states in our sample is certainly sufficiently high, itponentially. However, the trace from the MCT detector starts
is not necessarily clear that the state distribution at the emiearlier, rises less steeply and then decays much more slowly
ting sites can be described by a Boltzmann distribution at althan the trace from th&i photodiode. It is therefore evident
Second, self-absorption €y could be of importance, reduc- that the spectral distribution of the emission changes in time,
ing the observed intensity of light emanating from the samplesince otherwise their shapes would be the same. It is there-
fore useless to try to extract a ‘power dependence’ from the
rising part or a ‘lifetime’ from the falling part and the spectral
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Fig. 2. Time-integrated dispersed emission spectrum @s@g single crys-
tal excited by a train ofps IR pulses at890 cntl. The visible part of
the spectrum is measured with a monochromator and the near-infrared paig. 3. aTime structure of the white-light emission intensity fronCg sin-

is measured with the FTIR spectrometer. Both spectra are corrected fagle crystal, irradiated with a train gis IR (112 um) pulses, as detected
the wavelength-dependent detection sensitivity of the spectrometers. Theith the photodiode and the IR-sensitive MCT detector. Their correspond-
dashed linesare blackbody curves for temperatures4600 K, 3000 K, and ing baselines are shown &srizontal lines b Envelope of the micropulses
2000 K used in recording the data displayedain

Time [us]
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emission characteristics of the sample as well as the spectrale ejected at wavelengths wheEgy strongly absorbs the
response of the detection system have to be taken into accouRt light. The generation o€, using the IR laser appears to
before useful information on the underlying physical proces¥e a strongly nonlinear process, i.e. small changes in laser
can be extracted. power result in large changes in ion signal. Again, the ob-
served power dependence is difficult to interpret, however,
and is not straightforwardly connected to the number of pho-
2.2 lon ejection tons involved in some bottleneck step, for instance.

In Fig. 4 we show a mass spectrum of the positively charged

ions ejected from &g crystal when being illuminated with 3 Discussion

unfocused IR light aB90 cnm!. For these measurements, the

region between the two lower TOF plates is initially field- White-light emission with a similar temporal profile to that
free and pulsed to the acceleration fi@ldus after the FE- shown in Fig. 2 is also observed when the FELIX beam im-
LIX macropulse. This allows hot ejected fullerenes to autopinges on ‘black’ surfaces such as graphite or black paint. The
ionize [17,18] and to drift towards the center between thentensity of this emitted light, however, is at least an order of
lower two electrodes. The mass spectrum is dominated by anagnitude weaker than the intensity of the white-light emis-
intensecgO peak, and almost no direct fragmentation productsion fromCgg. Furthermore, it should be emphasized that, al-
of Cgp are observed. The only additional peaks at low masse$iough crystallin€gy appears ‘black’, it is best considered an
are found atn/z values of 39 and 41, in an approximate 20:1IR-transparent material, especially at wavelengths where the
ratio, and are attributed to potassium since both their positiomost intense white-light emission and ion ejection occurs. In
and relative intensity match that of potassium in its naturathe IR-wavelength range used in this study, tiie fienetra-
isotope abundance. At masses higher than tha/gftwo  tion depth ranges fromd um on the resonance 483 cnmt
groups of peaks are seen, as shown enlarged in the insettofmillimeters off resonance (see Fig. 1). This should be com-
the figure. The first group is rather symmetrically distributedpared to suhsm penetration depths of IR light for graphite
aroundC;,, while the other group is centered around a mas®r black paint, resulting in absorbed energies per unit vol-
slightly higher than that o€/, Individual peaks are sepa- ume that are many orders of magnitude higher than itCfge
rated by 24 amu, the mass ofCa unit. Similar coalescence samples.

mass spectra, obtained by shining JOXIS lasers on solicCs White-light emission fromCgg material upon excitation
targets have been reported by others [19]. In all these spectmaith high-power lasers, was first reported by Feldmann et
the distributions are different from the one reported here. Thal. [7] and subsequently explored by Roth and coworkers [8,
distributions are peaked beld®,, andC/, and are skewed 9] resulting in a series of papers. In one of their more re-
towards lower masses. Mechanisms of fullerene coalescencent papers, it is assumed that, although details of the pro-
in the gas phase have been put forward to explain these obseess leading to the observed light emission after excitation
vations [19]. with pslaser pulses &85 nmand 805 nmare still not un-

The wavelength dependence of fullerene ion intensity iglerstood, ‘the increasing interaction between adjacent exci-
very similar to the dependence of the white-light emission intations at high excitation densities leads to a compara-
tensity on excitation wavelength. Also in this case, no iondle self-stabilization of the excited states and the emergence
of new decay channels with different recombination mecha-
nisms’ [9].

The interpretation of the white-light emission process is
largely based on the spectral characteristics of the observed
120 emission together with the observed time and power depen-
\ dence of this emission [7—9]. The reported emission spec-

tra [8,9] show a sharp cutoff towards long wavelengths at
about1100 nm Instead, we observe emission that resembles
c that of a blackbody, extending far into the infrared. It has
240 been pointed out by Palstra and coworkers [11] that in the
\']1 l case of electroluminescence@, the reported cutoff at long
W"mmmmw ‘ wavelengths is actually due to the loss of sensitivity of sil-
A “"Wm&wwm icon photodiode-based detectors, which was apparently not
K X3 corrected for in the earlier work [7—10]; the actual emis-
/ sion spectrum in electroluminescence follows a blackbody
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curve with high emission intensity in the IR as well [11].
We are therefore led to assume that the white-light emission
- i spectra reported to date are not corrected for the wavelength
. . dependence of the detection system either. The spectral char-

0 1000 2000 8000 4000 acteristics of the white-light emission are crucial for a correct

Mass (m/z) [amu] interpretation of the observed time and power dependence of

:.ig-cfe- deir”Jren";;Eigchr‘ S(;?'?hé“l?sfi Cips‘zg“luleag;ﬁgssfgﬁé Crfr‘]afgtegnéons the emission intensity. Largely different interpretations can
o{‘ the peaks of ?he )\/Nhité-light emission spectrum (see Figgl)’. Apart fronPe given to th‘?se. da.ta’ dependmg on whether a.Smgle state
a largeCy, signal, peaks resulting from fullerene coalescence processes afdl & th?rmal d_|3t'_’|bUt|0n of states is held responsible for the
observed. At low masses, ion signal from potassium is observed white-light emission.
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If the observed white-light emission would be true black-number of sites changes is to examine the ratio of the sig-
body emission and the detector would have a constant senal from theSi and MCT detector as a function of the signal
sitivity over the whole spectral range, the measured signaével of theSi detector (or MCT detector). When this ratio is
intensity would be proportional to the temperature of thedifferent for the same signal levels on the left and the right
sample to the fourth power (Stefan—Boltzmann law). Withside of a peak in Fig. 2, the number of sites changes in time.
a wavelength-dependent sensitivity of the detection syste®therwise, the number of sites most likely remains constant.
given by f(1), and a (time-dependent) density of states ofFor low excitation fluences such as used in Fig. 3a, it is found
the blackbody at temperatuffegiven by p(T(t), 1) the time-  that this ratio is independent of whether one is in the rising
dependent signal intensig(t, T) is given by: (heating) part of the curve or the falling (cooling) part. We can

therefore safely assume that the number of sites emitting light
stays roughly constant during and after an IR excitation pulse.
St T = f f(A) p(T(t), A)dA. () Both curves in Fig. 3a are therefore separately converted
to a temperature and the result is shown in Fig. 6. As the abso-
lute signal level is not known, the conversion is done for three
Taking, for instancef(i) from the data sheets of the photodi- different maximum temperatures (2000, 3000 &0 K).
ode and the MCT detector, together with the filters used, leadSonversion of the curves of the two detectors results in only
to dependencies of the signal intensity as a function of (corslightly different temperature vs. time curves and their av-
stant) temperature as shown in Fig. 5. In the inset of the figurerages are shown. It should be noted that, in principle, the
the blackbody emission spectrum as would be recorded withaximum temperature can be determined by adjusting this
the photodiode is shown for various temperatures. temperature such that the curves of both detectors match. In

Itis evident from (1) as well as from Fig. 5 that the signal practice however, this approach failed, presumably because
intensity depends, especially in the case whenShghoto-  Fig. 5 does not reproduce the sensitivity of the two detectors
diode used to measure the emission, highly nonlinearly oand the white-light emission is only approximately blackbody
temperature. In return, an observed nonlinear signal responsmission. In the lower part of Fig. 6 the envelope of the FE-
as a function of laser power or time, does therefore not nece&dX micropulses is shown, together with the time-integrated
sarily imply that the temperature of the sample varies nonlinFELIX intensity. Neither of the curves shown in the upper
early with either variable. It is therefore desirable to converpart of the figure shows a strongly nonlinear rise in tempera-
the profiles of intensity vs. time in Fig. 3a to profiles of tem-ture during the FELIX pulse, nor do they show a strongly
perature vs. time. This can be done using the curves in Fig. Bonlinear decay after the FELIX pulse is over.

However, two factors complicate this procedure. First, the All curves actually rise slower than the time-integrated
signals of both detectors are recorded on a relative scale af@ELIX intensity. This seems to indicate that sequential
two unknown scaling factors connect the curves in Figs. 3aingle-photon absorption per micropulse linearly increases
and 5. A further possible complication is that (1) assumeshe temperature of the emitting sample with time, but is
that only the spectral distribution of the sample changes andompeting with heat-loss channels. For internally Kgg

that the number of sites emitting light remains constant. Irmolecules in the gas phase, cooling can occur via thermionic
case the number of sites changes in time, the ratio of themission of electrons, loss @ fragments, ancbr radiative
signals from both detectors can be used to determine the teroeoling [20]. In the solid, additional heat-loss due to con-
perature as a function of time. A useful check on whether theuction can take place. The combination of the absorption
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Fig. 5. Signal intensity of a photodiode as a function of blackbody tem-of time, as obtained by converting the observed white-light emission inten-
perature and of a MCT detector with sapphire and germanium window, asity (Fig. 3a) to a temperature, using the conversion curve shown in Fig. 5.
employed in the experiment. In the inset, the argument of the integral in (1p Envelope of the micropulses used in recording the data displayedria

in the case of th&i photodiode is shown for various temperatures its integral @lashed ling
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together with these heat loss channels will result in a compliphoton absorption to the electronically excited triplet state (or
cated expression for the time dependence of the temperaturgbsorption to the lowest singlet state followed by fast inter-
An unusual observation is the production 6§, ions, nal conversion to the triplet state). Those triplet excitations
even without the presence of fragment ions sucicgs In  are known to be long-lived and able to diffuse through solid
order to ionize gas-phaggsp molecules with the same in- Cgo [26]. After some time, they could get trapped at some
frared laser, fluences af 300 Jcn? are needed on reson- defect sites where a high energy density could be obtained.
ance [21], whereas with an (off-resona@t), laser an order The lowest excited states f@so in the solid are a singlet
of magnitude higher fluence is needed [22]. Fluences in thstate (S1) al3631 cnt! [25] and a triplet state (T1) state at
present experiment are always less tBanJ/cn?, nonethe- 11600 cn! [26]. More than ten photons are needed to access
less,C¢, ions are observed. The ionization potential (IP) ofthese states and we would expect a high power dependence in
Cso is around?.6 €V [23]. For direct multiphoton ionization, the absorption step. Further, for such a mechanism to be ap-
absorption of more than 60 photonsidf00 cnt? is needed. plicable to our experiment, the excited-state lifetime has to be
Moreover, a direct multiphoton ionization is unlikely becauseon the order ofis and the excitation has to be able to travel

of fast internal energy redistribution. distances of up tonm. It seems therefore unlikely that such
Another possibility of obtainin@gp ions is via thermionic  a process is responsible for our observations.
emission of electrons. Gas-phaSg molecules that are in- The other possibility is the presence of very dilute highly

ternally excited are known to auto-ionize and this thermioni@absorbing species. Those species might absorb single pho-
emission process can be faster than fragmentation. For thisns sequentially and the resulting signal could show a only
process to be observable in our experimental time wina weak (linear) dependence on peak power. Upon photon ab-
dow, internal temperatures of th€, molecules above sorption, the absorbing species and their vicinity thermally
3000 K are needed [17]. With a vibrational heat capacity ofheat up so that fullerene coalescence can be initiated. As we
0.0138eV/K [24], this results in a required internal energy discussed above, the cross section for those sites needs to
per Cgo molecule of more thad0 eV. A typical laser fluence be larger thar3.2 x 10~ cn? and vibrational transitions can
in our experiment is20 mJcn?. The required absorption be excluded. Electronic transitions on the other hand, can be
cross section for &9 molecule to acquird0 eVis therefore  much stronger than vibrational transitions. In the infrared,
3.2x 10 cn? — orders of magnitude higher than typical electronic transitions can only be achieved in semiconductors
vibrational (infrared) transitions in molecules. or metals. Interestingly, in the mass spectra shown in Fig. 4,
In the experiment, not onl{, ions are observed but large amounts of potassium ions are observed. Fullerene crys-
also larger ions such as, for exampB,, andC/g,. lons in  tals intercalated with metal atoms have been studied by solid-
this size range have been observed by other groups, albaitate chemists and physicists for a number of years [2—4]. For
under different experimental conditions [19]. We attributemany metal atoms, those species are highly stable and form
these observations to the coalescenceCgf molecules to  easily. In the case of intercalation with alkali metals, the metal
form larger fullerenes. The previously observed coalescencom can donate its valence electron tGgg molecule. The
of two Cgp molecules has been attributed to the following gassample can then behave metallic-like [4] with the electron be-

phase mechanism [19]: ing delocalized over sever@k, molecules. Those sites could
then strongly absorb the IR light in an electronic transition.
2Cs0 — (C120)" — Ci20-2n +nC>, (2) In addition, it is known thaf\;1Cgp [4] (A=K or other alkali

metals) can have polymeric phases in whigda molecules

where the above product can then react further li§hto  are linked by chemical bonds and this “polymeric” form of
form larger coalescence products. The coalescence productAsCgo could be an ideal precursor to coalescence.
generated internally hot and cools itself through evaporation It is therefore possible that small impurities of alkali
of C, units. Reaction products with more than 120 atoms aratoms in the lattice of ou€sy; molecules are responsible for
then generated by a reaction of the above reaction produtite processes observed. These impurities might be either in-
with free C, fragments (or by further reaction wisp to give  troduced during the production process or sputtered off the
rise to peaks in the region arou@ggp). Since theC, supplyis  substrate on whicl€gs is resting by the IR laser. This ex-
limited, distributions are expected and observed always to bglains the observation that on fresh crystals, light emission
peaked belom x 60(n=2, 3...) atoms [19]. In contrast, in is predominantly observed from the bottom of the crystal.
the mass spectrum as shown in Fig. 4, the distributions peak#pon turning the crystal around, emission occurs from the top
at masses abovex 60 (n =2, 3...) atoms. A possible ex- layers in localized spots. By donating an electron, the alkali
planation is that we do observe coalescence that takes placedtom activates the chromophore, which then strongly absorbs
the solid and different distributions might result. IR light. When the internal energy is high enough, coales-

There are at least two possibilities for transferring a largeence of fullerenes starts and thermal blackbody radiation as
amount of energy t€ molecules: either strongly absorbing well as ion emission is observed. During that process, the
species (contaminations) that are present in low concentralkali atom might either be ejected as well or travel deeper
tions or a large amount of weakly absorbing species beinm the crystal to activate other sites. We think that the above
present that absorb light throughout the crystal and then poohechanism provides a plausible explanation for the observa-
the energy together. In both cases, a dependence of the whiteens we made. At this point, we can only speculate whether
light or ion emission with excitation wavelength as in Fig. 1this mechanism is also applicable to the results by Roth and
can result since only photons that are not absorbed by regaeworkers [8—10], where visible laser radiation is used. How-
lar Cgo modes can contribut€g, therefore acts like a filter ever, their interpretations of the origin of the light emission
resulting in the least signal whélyo absorbs the most. A pos- are based on an emission spectrum that is apparently not
sible example of the ‘weak absorber’ scenario might be multicorrected for detector response and on a power and decay be-



havior that is not corrected for the emission characteristics 6.
(i.e. blackbody) of the sample. We therefore feel that the data
and interpretation shown here might present an alternative ex-,
planation for their results as well. '
8.

4 Conclusions

The interaction ofCso with tunable and pulsed IR radiation
has been studied. At specific wavelengths white-light emis-
sion as well as emission of ionic species from the crystal is
observed. These processes occur at wavelengths Whgie
relatively transparent and we can conclude that regQégr

is not the chromophore for light absorption. The white-light
emission follows a blackbody curve which complicates thes’
interpretation of its dependence on excitation power as well
as its temporal evolution. It is concluded that the absorptiont3.
process has a power dependence that is close to linear and that
the chromophore has to be a strong absorber that is presei"ff'
only in a very dilute form in the crystal. Plausible absorberss,
are sites that are intercalated with alkali metal ions.

9.
10.
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