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On the iron oxide neutral cluster distribution in the gas phase.
[I. Detection through 118 nm single photon ionization

D. N. Shin, Y. Matsuda, and E. R. Bernstein
Department of Chemistry, Colorado State University, Fort Collins, Colorado 80523-1872
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Neutral clusters of iron oxide are created by laser ablation of iron metal and subsequent reaction of
the gas phase metal atoms, ions, clusters, etc., with dil®mixture. The FgO, clusters are
cooled in a supersonic expansion and detected and identified in a time-of-flight mass spectrometer
following laser ionization at 118 nif10.5 eV}, 193 nm(6.4 eV), or 355 nm(3.53 eV} photons. With

118 nm radiation, the neutral clusters do not fragment because single photon absorption is sufficient
to ionize all the clusters and the energy/pulse-ibuJ. Comparison of the mass spectra obtained at
118 nm ionization(single photoi with those obtained at 193 nm and 355 nm ionizafimough
multiphoton processgswith regard to intensities and linewidths, leads to an understanding of the
multiphoton neutral cluster fragmentation pathways. The multiphoton fragmentation mechanism for
neutral iron oxide clusters during the ionization process that seems most consistent with all the data
is the loss of one or two oxygen atoms. In all instances of ionization by laser photons, the most
intense features are of the forms, &, , Fe,O,.., ;, and FgO,.. ,, and this strongly suggests that,

for a given m, the most prevalent neutral clusters are of the formgQre Fe,On,.1, and
Fe,Om. 2. As the value ofnincreases, the more oxygen rich neutral clusters appear to increase in
stability. © 2004 American Institute of Physic§DOI: 10.1063/1.1643733

I. INTRODUCTION sion involves the seeded output 6800 mJ/pulse(8 ns

Given that knowledge of the neutral cluster distribution PulSewidth at 10641nm to yield the 118 nm output at
of metal oxide clusters is an essential component for thé=0-5xJ/pulse (- 10" photons/pulse) with a pulsewidth of
elucidation of reactivity and catalytic behavior of such sys-~ 10 ns. .
tems, the problem of cluster fragmentation in the process of [N this report we present the mass spectra of neutral iron
their detection must be addresdesince small metal oxide ©Xide clusters obtained at 355, 193, 118 nm laser ionization,
particles (MO, , 1<x, y=100) typically have an enormous and through the analysis of mass spec_tr_al linewidths, laser
density of vibronic states and thus, poorly resolved spectrROWer dependence, and relative intensities of spectral fea-
and very rapid relaxation processes, their study and chara&UreS'_the neutral qlgster_won OXId.e distribution for different
terization is typically through mass spectroscopy. lonizatiorfXPerimental conditions is determined.

of such neutral clusters is most gently done by photons, but  1he 118 nm(10.5 V) photons have two distinct advan-
multiphoton ionization can cause neutral cluster fragmental@9€s over other laser wavelengths that can be employed for

tion and thus, loss of original cluster mass identity. Singleth€ cluster ionization procest) a single 10.5 eV photon is
photon ionization near threshold is the best approach, plgnergetic 1enougz;h to ionize any iron oxide neutral cluster_; _and
these clusters generally have ionization energies greater th4@) at 10“~10"? photons/pulse at 118 nm, the probability

7-8 eV and single photon energies above this energy a,}_‘@at any cluster will absorb more than one photon is vanish-

difficult to generate at reasonable intensitiggeater than ngly small. _

10 photons/pulse). In this work, we determine that the most stable and
The problem of cluster detection without interference@Pundant neutral clusters are of the forms,Gg,
from, or confusion generated by, parent neutral cluster fragh&nOm+1, @nd F&On,>. As m increases, the more oxygen
mentation can be addressed in two ways: covariance ma|5'-Ch clusters tend to dominate the distribution for a given
ping of the mass spectral d&tand single photon ionization Vvalue ofm. These changes occur abont-10 for F&,0Om. 1

near threshold with vacuum ultraviolet photons. In this workclusters and aboun~ 18 for F&On .
we have chosen the latter approach, employing 118 1thd
eV) photons generated by the following chain of nonlinear

optical events: II. EXPERIMENTAL PROCEDURES

1064 nm (Nd/YAG fundamental Since the overall experimental system has been de-
scribed in detail elsewhefe? only a general outline of the
F) 355 ”mﬁ 118 nm. experimental scheme will be presented in this report. The
e/Ar

new features of these studies relevant to the generation of the
The full process is the generation of the ninth harmonic oft18 nm ionization laser light will be presented here in
the Nd/YAG laser fundamental output. The overall conver-detail?
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Neutral clusters of iron oxide are generated and coolege ~2 ns(governed by the sample time of the oscilloscope
in a supersonic expansion of He gas. The clusters are syen a shot-to-shot basis. Data are collected and stored for
thesized by laser ablation of an iron metal foil. The ironthese spectra on a shot-to-shot basis with an averaged spec-
metal plasma plume from the ablation process interacts witfrum computed after a complete run-sf2000 laser shots®
the~1% O,/99% He gas that passes over the ablation pointFor 193 nm ionization, the laser is focused to about 0.5
thus generating R, clusters. The expansion gas/cluster x 2 mm spot size so in this case, without fragmentation, a
mixture passes into a vacuum system that contains a time-o& 10 ns averaged spectral linewidth can also be anticipated.
flight mass spectromet¢éfOFMS). Neutral clusters are ion- On the other hand, for any ionization by 355 nm laser radia-
ized by laser radiatiori355, 193, or 118 ninand detected tion, mass spectral linewidths should be at leag6 ns wide
and characterized in the TOFMS. due to the spatial variation of the birth positions of the-

The 118 nm radiation is generated by a frequency trifragmentedions. The number of 118 nm photons/pulse gen-
pling gas cell(269 mm long and 35 mm in diamejento  erated from a 355 nm input beam is calculated to be 4
which 355 nm pulsed, seeded Nd/YAG tripled laser radiationx 10'* photons at a 355 nm pulse energy of 23.5 mJ. We
is focused. The tripling cell is sealed at the 355 nm input enchave assumed that the conversion efficiency of 355—-118 nm
by a suprasil quartz window and at the 118 nm output end bys about 10°.% The experimental conditions for the various
a MgF, plano-convex lens having a focal length of 150 mmspectra presented in this report can be different in order to
at 250 nm(JANOS, A0604V11hk The tripling cell contains a emphasize different components of the mass distribution.
mixture of Xe and Ar gas. Under our conditions Thus, different mass features will appear more prominently,
(=24 mJ/pulse at 355 nmthe optimal conversion efficiency depending on ionization laser beam size, voltages on mass
of 355 nm to 118 nm radiation is achieved at a mixing ratiospectrometer deflection plates, growth conditions, etc.
of Xe/Ar~1/10 and at a total pressure ef200 Torr. The
total pressure in the cell is measured by an absolute pressure

. RESULTS
gauge.

The focal lengths of the MgHens at 118 nm and 355 Following the laser ablation of iron foil with a 532 nm,
nm are very different (=84 mm@118nm andf 10 ns pulsed, doubled Nd/YAG laser a6 mJ/pulse in the
=151 mm@ 355 nm); the cell is attached to the mass spegresence of 0.75% £Oin 20 psig He, the various concentra-
troscopy chamber such that the 118 nm focus is at the ionions of neutral clusters are generated and cooled through an
ization region and while the residual 355 nm beam is defoadiabatic expansion into the vacuum. In this study, three dif-
cused at the molecular beam position in the ionizatiorferent ionization laser wavelengths are employed for multi-
region. The Mgk lens is located~300 mm from the ioniza- photon (355 nm and 193 ninand single photor{118 nm
tion region. The 355 nm laser light is focused at about 115onization processes. Through these three different neutral
mm from the Mgk lens by anf=25mm@ 355 nm quartz cluster ionization methods, the neutral cluster distribution
lens. The pair of lenses gives a focus of the 118 nm light atan be determined. Figuregal and Xb) show the mass
the ionization region(focal size ~25um for a Gaussian spectra obtained at ionization wavelengths of 355 (@®5
laser beamwhile the 355 nm laser light is diverged to about mJ/puls¢ and 193 nm(0.8 mJ/pulsg for an ablation laser
7—8 mm at this point. This ionization system is tested with aenergy of 6.2 mJ/pulse. At 193 nm, in agreement with our
few ppm NO in He in a supersonic expansion. NO has arprevious reporf, Fe,O; cluster ions withn=m and m+1
ionization energy of 9.264 eV and can be ionized by singleare the most prominent features, with the more oxygen rich
photon ionization with a 118 nm source. The focus and in<clusters appearing am increases. Oxygen deficient clusters,
tensity of the 118 nm beam is checked with NO and found td=e,,O,_; and Fg,0,,_, also can be observed under 193 nm
generate a strong signat=@ V on an oscilloscope directly ionization[Fig. 1(b)]. For 355 nm ionization, oxygen defi-
connected to the microchannel plate detecidth a=~10ns  cient clusters are not readily observed. In this figure, the
linewidth. With the cell pumped out so that only 355 nm experimental conditions are adjusted to generatgOke m
laser light passes into the ionization region, the NO signal is<20.
<10 mV. This shows that the defocused 355 nm beam does With 118 nm ionization laser radiation, the mass spec-
not hit any metal in the ionization region that will generatetrum of Feg,O, changes significantly. In Fig.(d), the 355
electrons and could still cause ionization. nm laser energy is 23.5 mJ/pulse. Each mass feature gener-

If the clusters do not fragmentrf,,>2 us) or if they  ated at 118 nm ionization is much narrower compared to
fragment very rapidly tq,g<1 ns), the linewidth of the fea- those generated at 193 nm. One can also obgesgecially
tures observed in the mass spectrum of a sample is related for Fg, O, , m<9 and FgO,,,,, m<5) the presence of the
the laser pulsewidth in time and the focal size of the laser iriron isotopes. The ionization process for 118 nm radiation is
the ionization region. The laser pulsewidths are all about 1®y single photon, and for 355 nm and 193 nm, the process is
ns for a seeded laséB55 and 118 nmor the excimer193  multiphoton. Note that, in most instances §6§ is an ex-
nm), but for an unseeded Nd/YAG laser, the output at allception, but see belowthe intense features are of the form
wavelengths consists of a series ©f100 ps wide, mode Fe,O,,, F&,0On.,, and FgO. ., (except for 355 nm ion-
locked, intense pulses that vary in time from pulse to pulsezation). This fact alone strongly suggests that these cluster
with an average~10 ns Gaussian-type envelope. Thus, theseries, FgO,,, Fe,O..,, and FgO. .,, are the most
118 nm ionization mass spectral linewidths with no clusterabundant ones for the neutral cluster distribution. Linewidth
fragmentation should be 10 ns for a seeded laser and could data(discussed beloywwill further substantiate this conclu-
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sion. Finally, note that the 118 nm ionization spectrum of

Fig. 1(c) gives the intensity distribution of the clusters as

generally decreasing with cluster size. This is to be expected
for a growth pattern and may well truly reflect the neutral

cluster concentration distribution in the beam.

New features in the mass spectrum of,Be are ob-
served at 118 nm ionization, not found for 193 nm ioniza-

~ tion. A part of the lower cluster range of the 118 nm ioniza-
e T T T e e T e e tion spectrum is displayed in Fig. 2; the observed cluster
Time of Flight (us) spectrum for FgO. contains six features from Eeto
Fe,O. . The highly oxygen rich species &, and FgO.
60 - are not observed with 193 nm ionization. The features la-
3 {c) 118 nm lonization beled a and b in Fig. 2 correspond ¥Fe®FeQ and
50 |- *re’FeQ) , respectively. Note that F®; , Fe,0; , and
Fe,O. features are very narrow, roughly one-half the width
s of the more intense K®; and FeO, features. Again, line-
width data for the various mass spectra will be presented
below.

The cluster ion distribution observed in the mass spec-
trum at 118 nm ionization depends on several experimental
parameters, such as ablation laser power, and the relative
timing of the nozzle expansion, ablation laser firing, and ion-
ization laser firing. If the effect of 355 nm ionization can be
- e - separated from that of 118 nm ionization, the 118 nm ioniza-

20 30 40 50 60 tion spectrum could well reflect the true neutral cluster dis-
Time of Flight (1s) tribution in the absence of fragmentation due to the ioniza-
tion processes. This point will be discussed later in the next
section following presentation of the detailed linewidth data.
FIG. 1. TOF mass spectra of iron oxide clusters ionized by three differenfigure 3 shows the mass spectrum of thg,Bg clusters
ionization wavelengthga) 355 nm,(b) 193 nm, andc) 118 nm(stagnation  under exactly the same conditions as presented in Figs. 1

pressure: 20 psig, ablation laser pulse energy: 6.2 mJjpdlke average ; ;
ionization laser pulse energies of 355 and 193 nm are 34.5 and 0.8 mJ/pul but with the mass spectrometery deflection plate voltages

S . .
The observed iron oxide cluster ions of the form,B8 are labeled asf). &hese plgtes are parallel to_the long, h3-axis _Of the fllght
The significant change in the mass spectrum represents the variation of t&lb€), which correct for motion of the created ions not in the
ionization processes. The experimental conditions are set for these spectradiirection of flight to the mass detector microchannel plate,

enhance intensity of small clusters. Additionally, resolution at high massgat to maximize the intensity of Iarger clusters. These steer-
(m>15) is degraded so the E@,,., and Fg,0,,. , features overlap due to )

the laser beam focus. Each peak is classified by symbols according to tHQg or qeﬂeCtO.r plateg cause small qhanges in the peak inten-
number of Fe and O atoms: open triangles,B& ,: open squares, Sity ratios for iron oxide clusters with the same number of
Fe.O,_1; open circles, FgO;, ; closed circles, FgO;, ; . iron atoms but different numbers of oxygen atoms. This ob-

Intensity (arb.)

30

Intensity (arb.)

20 -
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FIG. 3. TOF mass spectrum obtained at 118 nm under identical conditions 4
like Fig. 1(c) except that the deflection voltages of mass spectrometer and "z
the timing between nozzle and ablation and ionization lasers are changed to T T TP YT FEST FY TS FEREE T I

optimize the high clusters. The cluster ions, P& are labeled amn. Each 37 38 39 40 41 42 43 44 45 48 47
peak is also classified by symbols according to the number of Fe and O . R
atoms; open circle, F@y; closed circle, FgO ., ; closed square, Time of Flight (us)

Fe, O ,; open square K@ _,: closed triangle, g0, . 5.
fnCm+2: OPEN SQ -1 gle. FifOm-s FIG. 4. Expanded portions of the mass spectra of Figs). and 3 for the

region of FgO, through FgO; clusters. Spectréa) and (b) are obtained

) . . . with 0.8 mJ of 193 nm light for ionization and 118 nm light for ionization
servation probably implies that different parts of the molecu-enerated by 23.5 mJ of 355 nm light, respectively. The clustes®Fare
lar beam are being accessed as the deflector voltages aseeled asnn.
varied and that the beam is not homogeneous jseclus-
ters due to growth characteristics and velocity skip for clus-
ters of different sizes. Thus, the actual neutral cluster distri355 Nm pulse energy higher mass iron oxide clusters are
bution in the expansion beam is a composite of the variou!0st from the mass spectrum, and only clusters smaller in size
individual spectra obtained at each deflector voltage setting'an F8Og are observed. Changes in the 118 nm spectra
and for each ionization laser/nozzle/ablation laser timing deWith ionization laser power suggest that small neutral clus-
lay. A comparison of several spectra can give a qualitativders are more abundant than large ones. The 193 nm cluster
estimate of the overall distribution of clusters. The generalonization behavior suggests that clusters,Gg, m=<7,
series intensity patterns, as described herein, can be well réave high ionization energies and/or small cross sections for
solved through this comparison. In this spectrum, the intenmMultiphoton absorption. Taken together, these results imply
sity of oxygen deficient clusters is significant, even at lowthat fragmentation of clusters is local rather extensive, such
cluster sizege.g., FgOs: , F&0O;). that, FgOn— FenOn_12 O Fén-1 0, or Fe,—10,-4, but

Figure 4 presents an expanded portion of the 193 nm and
118 nm cluster spectra for the region ;B8 through
FesO;o. As mentioned earlier, the common feature of these L 12 ]g (a) 193 nm lonization
two mass spectra is the predominant formation of iron oxide 0 12 0.6 mJ/pulse @193nm
clusters FgO,, ; for example, FgO; , Fe,0; , and FgOy .

Other features in the 193 nm spectrum include the oxygen___ 4
deficient series anor;,lyzlg, whereas the 118 nm spectrum £
shows strong features for the oxygen rich series
F&nOmi123- FOr 118 nm ionization, the oxygen deficient
series is weak, and for 193 nm ionization, the oxygen rich
series is weak. The point to note from these results and com-
parisons is that the 118 nm ionization spectrum is probably
free or close to free of fragmentation.

Figure 5 presents the time-of-flight mass spectra of iron 4
oxide clusters obtained by 193 and 118 nm ionization at low ' ‘ .
pulse energies. The ionization pulse energy dependence be 0 400 800 1200 1600 2000 2400
havior at 193 nm ionization is quite different from that at 118
nm ionization. Reducing the 193 nm ionization average pulse
energy leads to a wider distribution of iron oxide cluster ionsF!G. 5. TOF mass spectra of iron oxide clusters ionizedaat193 nm

. . - . average ionization pulse energy: 0.6 mJ/pulse and ablation pulse energy:
with a shift of the most intense features to higher CIUSte'(ZE mJ/pulsgand (b) 118 nm(pulse energy of 355 nm: 5.0 mJ/pulse and

mass, and an absence of any cluster ions beloydfe In ablation pulse energy: 6.3 mJ/pulse low laser average pulse energy re-
contrast, at low 118 nm ionization average pulse endmy  gion. Some peaks are labeledras for Fe,O; .

Intensity (arb
[=2] (=)

(b) 118 nm lonization
5.0 mJ/pulse @355 nm
6 —

Mass (amu)
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FIG. 6. TOF mass spectra of f& (n=2-5) and FgO, (n=4-7) clus-
ter ions at the 118 nm ionization as a function of the pulse energy of 355 nm (b) 5 mJ/pulse
(at the range 3.0-23.5 mJ/pulsior 118 nm generation. Aly axes are

scaled to the highest peaks, such agdgeand FgOs . 3.4 f Fe.O.* c=54ns
33 . 22
not so extensive as to generate small cluster ions from large — bt e
. . . 26.8 27.0 27.2

neutral clusters. Cluster fragmentation will be discussed fur- 8
ther in the next section.

The 118 nm photons/pulse is never higher thad —_ 6‘
X 10 (at 23.5 mJ/pulse, 355 nmand thus, the possibility of c 4
multiphoton effects from these photons is negligible. None- g 2 o T - ‘
theless, since the conversion efficiency of 355 nm photons to @ 5 278 28.0 28.2
118 nm photons is=~10 °, the unconverted 355 nm light PC-’-

may be a factor in the ionization process of iron oxide clus-
ters for the assumed 118 nm ionization process. Figure 6
seems to show the effect of 355 nm radiation on the ioniza- ‘ ‘ ‘
tion of iron oxide clusters for 118 nm radiation. The intensity 8.8 ‘ 29.0 29.2
axes of these spectfa—j are all normalized to the highest
intensity feature in the spectrum for eachy6g and FgO, Fe,0," c=6.0ns
cluster. Note two features of these spectia:as the 355 nm . /\ —
laser energy/pulse is reduced, the features become sharper; 32 Aol Jl ot
and (2) oxygen rich cluster relative intensity increases, and SO
oxygen poor cluster relative intensity decreases, as laser
pulse energy is lowered. Thus, these comparisons suggest
that the FgO,,, F€,Om1 2 are members of the neutral clus- FIG. 7. Gaussian widthsy, of Fe,O; cluster ion peaks at two different
ter distribution and not cluster ions associated with fragmenBU!Se energies of 355 nm light for the generation of 118 nm light23.5

. o mJ/pulse andb) 5 mJ/pulse. The fitted line shape is the solid line.
tation. The oxygen deficient clusters may well be generated
by a fragmentation process related to multiphoton 355 nm
radiation absorption or 118 nm plus 355 nm radiation absorpef peak intensity are fitted to the measured peaks @Ohte
tion. cluster ions, which are observed to be the most intense fea-

To obtain a quantitative description of the spectral line-tures of the 118 nm ionization spectrum.

widths for the observed mass spectra, Gaussian distributions The half linewidth is calculated from

. Fe0, /\ c=44ns

36 -

T8 z00 | 302
Time of Flight (us)
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FIG. 8. Gaussian widths ofg) Fe;O; and (b) FeO; cluster ions as a
function of pulse energy of 355 nm light for the generation of 118 nm light. are roughly 50% larger than those obtained at 5 mJ/pulse 355
nm laser ionization enerdyrig. 7(b)]. This linewidth differ-
ence with 355 nm ionization laser power could be due to a
1(t;—t)2 1(t—t5\2 small amount of fragmentation of the form J&s
I =aex;{ - E( ) +a’ ex;{ ( ) } e — Fe;0, 5 following absorption of one 118 nm photon and
g
(=1) 355 nm photons by the F®, 5 neutral clusters.
in which | is the observed ion intensitg, is the peak height, Figure 8 shows plots of Gaussian widitisis a function
to is the center of the peak, andis the “Gaussian width” of  of 355 nm laser energy/pulse for the 118 nm ionization pro-
the peak. The first term in the Gaussian line shape functiogess for the two cluster species seriesaCFn*'e and FgO;' .
corresponds to the spectrum component created by one ioFigure 9 shows the spectra for FeéQt different ionization
ization wavelength(e.g., 118 nmand the second term cor- |aser wavelengths. The line shape for 1184855 nm ra-
responds to the spectrum component created by a secomghtion is not simple and suggests that two component ion-
ionization wavelengthie.g., 355 nm if present.c can be ization processes contribute to the line intensity and shape.
converted in the full width of the feature at half maximum More fragmentation is found for this cluster at 193 nm ion-
intensity (FWHM) At,,, with the conversion constant 2.355 jzation than at 355 nm ionization. The 118 nm contribution
(Aty,=2v21In20). The fitted curves are shown in Fig. 7 as can be suggested to be due to a single photon/
a red line. The small features next to the most intense feaonfragmentation process. Similar behavior can be observed
tures in the spectra are iron isotopic peaks. The values of for Fe;O; in Fig. 10. The FeO 118 nmt 355 nm ionization
in Fig. 7 are given for thé°Fe;O; clusters. Note that the feature is deconvoluted in Fig. 11 such that the 118 nm single
larger, higher mass clusters have smaller linewidths at thghoton contribution yields a Gaussian width @f3.4 ns,
higher ionization pulse energy. Thus, the contribution of 355yhile the 355 nm Gaussian width is=20.4 ns, and a com-
nm absorption and subsequent cluster ion fragmentation thined Gaussian width of=10.7 ns can be calculated.
the linewidths of the lower mass cluster ioffisss of oxygen
from higher mass iongs observed for the high energy/pulse
ionization laser conditiofFig. 7(a)]. On the other hand, at V. DISCUSSION
low ionization laser energy/puld&ig. 7(b)], all the FgO, The main results from the last section can be generalized
features have roughly the same linewidth with the obviousas follows: (1) at three different wavelengths for ionization,
suggestion being that fragmentation is no longer occurringhe most intense features in the TOFMS of neutral iron oxide
for these conditions. In fact, even for cluster systems that dalusters are of the form ﬁ,@,; ; (2) iron oxide clusters con-
not undergo fragmentatichand for molecules that do not taining excess oxygefe.g., Fe.nor;ﬂz) are observed in the
undergo fragmentatiohthese are about as narrow as any118 nm ionization cluster spectra with good intensity and
mass spectral features observed in this apparatus. Note thaarrow linewidths, while the 193 nm ionization spectra dis-
the FgO, and FgO. mass spectral linewidths obtained at play both oxygen riche.g., F§Op1 and FgOpn, atm
23.5 mJ/pulse of 355 nm laser ionization eneffig. 7(@]  >12) and oxygen deficient clustefg.g., F§O, 1,5 M
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6r Fo.O.* ization for which the linewidth results, ionization energies,

33 v (a) 355 nm and photon densities all suggest single photon, nonfragment-
: ing ionization occurs at this ionization wavelength. Thus, we
can conclude that the thermodynamically most stable neutral
clusters are of the form R©, with F&,0p,, 1, clusters also
present in the beam at large concentrations. Clusters of the
form F&,0,_, ; are observed at 118 nm ionization but seem
to be less abundant than the others. The 118 nm ionization
intensities do not necessarily represent the “true” neutral
cluster distribution because absorption cross section and pos-
sible fragmentation of large clusters with low ionization en-
ergies can distort the actual concentrations of neutral clus-
ters. Nonetheless, one can be confident in the general trends
suggested.

The present generation techniques for the clusters seem
to emphasize small clusters, but the distribution stretches to
L e roughlym=25-30 for FgO, . For masses much larger than
280 282 284 these, the TOFMS used in these experiments begins to lose

N

50 -

intensity (arb.)

L M|
° 276 278
Time of Flight (us) resolution for FgOp, and Fg,0,,+, at low signal/noise ratio.
The reason for the cluster distribution changing oppo-
FIG. 10. Gaussian widths of §®; cluster ions at two different ionization ~ sitely with low laser pulse energy for 118 nm and 193 nm
wavelengths. The laser energy is 23.5 mJ/pulse at 355 nm. The fitted "”R)nization is probably twofold. The ionization energy of FeO

shape is the solid fine. and FeQ are 8.9 eV and 9.5 eV, respectivélyhus, 193 nm

ionization is multiphoton only, and as this laser power de-

<12) with good intensity and broad linewidth@®) the ion- ~ creases, the multiphoton process is becoming less likely. Ad-
ization laser pulse energy affects the obtained cluster distriditionally, the cross section for multiphoton absorption is
butions differently for 193 nm and 118 nm ionization—as thesmaller for small clusters than for large clusters due to the
ionization laser energy/pulse decreases, the distribution dfduced cluster density of states. On the other hand, for 118
iron oxide clusters narrows toward the small cluster at 118m lonization, th? cross section may be more or less constant
nm ionization, while it becomes broader and emphasizefor all clusters within the continuum absorption, but for low
larger clusters for 193 nm ionization; arid) narrow and ~Photon densities (18-10" photons/pulse) and low cluster
anticipated linewidths At;,=2.355¢~10ns) for all concentrationge.g., form>10), the observed cluster ion
features in a mass spectra are only achieved for 118 niflistribution narrows toward small clusters. Eventually, for

ionization. large enough m, the 193 nm ionization process could be
o energetically single photon, but cross sections for resonant
A. Neutral cluster distribution multiphoton absorption in both the neutral and the ion may

Even for 355 and 193 nm multiphoton ionization of the still enhance 193 nm ionization fragmentation processes. The
neutral cluster distribution, which we know causes clustef~e—Fe and Fe—O bond strengths are estimated as 1-4.2 and
fragmentation based on linewidth data, the predominate fegt.3 eV, respectively.
tures in the mass spectrum of iron oxide clusters are of the

form Fe,O,,, Fg,0m.1,. This is also true for 118 nm ion-
' B. Fragmentation mechanism

The fragmentation reaction must occurs#ilu s in the
TOFMS ionization region, to be observed as a change in
mass. Since intramolecular vibrational redistributidvR)

FeO"
| @118 + 355 nm

40
—_ and vibrational predissociatiofVP) depend oppositely on
g density of stategthat is, vibronic relaxation is slow for small
> clusters and fast for large clusters, but dissociation is fast for
‘@ 20 small clusters and slow for large clustersome fragmenta-
2 T o tion can go unobserved for near threshold ionization. The
- combined cluster fragmentation timéscluding both IVR
and VP processg¢xan be greater than s, especially for
o e — ™ large clusters.
16.0 16.2 16.3 These results tend to imply that the cluster fragmentation
Time of Flight (us) observed at 355 and 193 nm ionization wavelengths is most
FG 1L D ution of Feb Gaussian widih. The | < 255 likely local. The idea of “local fragmentation” is that
mJ/pulse 2t 35 nm. The fited ine shape s in red for the rlisralenrr%’nyiclfniza'tion':Q“Om*1H FenOp or F&Omn-1, . and FgOy,
component and blue for the 355 nm ionization component. The overall fitted~ F&nOm—1 O F&On_5, ... occurs, but that K@m.,

line shape is the thin solid line. HFem_xOr;H_y does not occur. This mechanism can be
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suggested based on the observed linewidth data: that i8\CKNOWLEDGMENTS
FenOnm. 1.» features tend to be narrower than e, , , fea-
tures. If loss of iron did occur upon ionization, then the
Fqno;ﬂz cluster could arise from Fg 10p.1, Clusters
and the FgOy,, , , features would have large linewidths just
as the FgO,,_; , do.
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