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On the iron oxide neutral cluster distribution in the gas phase.
|. Detection through 193 nm multiphoton ionization

D. N. Shin, Y. Matsuda, and E. R. Bernstein
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Iron oxide (Fg,0,) neutral clusters are generated in the gas phase through laser ablation of the
metal and reaction with various concentrations gf i® He. The mixture of expansion gas and
neutral Fg 0O, cluster species is expanded through a supersonic nozzle into a vacuum system, in
which the clusters are ionized by an ArF excimer laser at 193 nm, and the ions are detected and
identified in a time-of-flight mass spectrometer. In this report, the experimental parameters that
influence the observed cluster distributions, such as ablation laser power, expansion pressure,
vacuum system pressure, and 193 nm ArF ionization laser power, are explored. In the second paper
in this series, the effect of the ionization laser wavelen@b5 nm, 193 nm, 118 njmon the
observed cluster ion distribution is explored. The cluster ion distribution observed employing 193
nm laser ionization, is sensitive to the neutral cluster distribution as evidenced by the change in the
observed time-of-flight mass spectra with changes in laser power, growth conditions, and expansion
conditions. The thermodynamically stable neutral clusters for saturategtdth conditions are
suggested to be of the forms f@,,, Fe,O+1, and Fg 0., »; which one of these series of neutral
clusters is most stable depends on the size of the clustemmkat0, Fg,0,, is the most stable
neutral cluster series, for #¥m=<20, Fg,0,,, is the most stable neutral cluster series, and for
21=m=30, Fg,0,,. » is the most stable neutral cluster series. Some neutral cluster fragmentation
is clearly present for 193 nm ionization due to multiphoton absorption in both the neutral and ionic
cluster species. €004 American Institute of Physics.
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I. INTRODUCTION dependence of the reactions of/Fen=1,...,18) with CQ

; + 5
The reaction of iron with oxygen to generate iron oxides,and Q and reported bond energies for,F®". Wanget al,

. . . ’studied anion photoelectron spectroscopy of iron oxide mol-
especially in the form of small clusters and nanoparticles, is . .
: ecules with up to four Fe and six O atoms. They suggest that
an essential component of a number of fundamental pro-
ch O atom locates on the surface of the, ERister for

cesses, such as environmental corrosion, catalytic behaviGF .
and properties, and oxygen transport in biological and othe'm:?’ a.nd 4. 'Cluster structures gndeelectronlc states are pre-
systems. Cluster formation and growth can also offer insigh’fiICtEEd n their .studles. Sakurait al.” suggest a trend for
into the transition from molecular behavior to condensecSt@Ple iron oxide clusters of the form f@m3), (M
phase behavior, especially for chemical reactivity and_ 37 thatis, RO, F&O,, F&Os,...) foroxygen de-
catalysist ficient clusters of iron oxide. They also stress thakBghas

A number of papers have appeared concerning the for2 pronounced peak intensity in their oxide ion cluster distri-
mation of iron oxide clusters. We will briefly review them Pution. Their cluster generation method is different from that
here for general information. Rohlfingt al2 have studied ©Of the other workers in this area and also different from that

the ionization energies for Fewith particular regard to the used in our work.

relationship between ionization energies and chemical reac- The original motivation for the present study was to ob-
tivity. They also explored the magnetic behavior of,fand  tain baseline data for the investigation of chemical reactions
FenO; » and found that the magnetic moment of these clusOf neutral iron oxide clusters with NO and CO gas phase
ters increases linearly with cluster size. Riketyal? investi- ~ molecules, with the goal of exploring the f@, catalytic
gated the chemical reactivity of Fewith O, in a flow tube  activity for the overall reaction 2C®2NO—2CO,+N,. In
reactor system after the iron clusters are formed and cooledhis report, we present results on the distribution of iron ox-
Note that this procedure is quite different from the one weide clusters as determined through multiphoton laser ioniza-
employ to generate E©,, clusters; nonetheless, their results tion of the clusters at 193 nm and time-of-flight mass spec-
yield the most stable cluster ions asrrm, Fe;no;ﬂ, troscopy (TOFMS). Cluster fragmentation during and
Fe,O... , independent of ionization laser waveleng808,  following the neutral cluster ionization processes presents a
248, 193 nm. They suggest that up to nine photons of 193fundamental problem for the determination of the original
nm radiation can be absorbed by the clusters and that clustéprior to reaction or ionizationneutral cluster distribution
fragmentation during and after the ionization process can bwithin the Fg,0, cluster beam. This report focuses on the
severe. Griffin and Armentrotistudied the kinetic energy determination of this distribution and how it is influenced by

0021-9606/2004/120(9)/4150/7/$22.00 4150 © 2004 American Institute of Physics
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Reaction Cell Nozzle which evolves into a gas pulse from the nozzle. The compo-
Pressure sition of the expansion gas will be shovwida infra) to be a

Abiation Laser - 532 nm | e major controlling factor in the determination of the neutral
T l cluster distribution. Following the reaction of Fespecies

&) with O,, the iron oxide clusters are entrained in the gas pulse

E and expanded through the gas channel (2#% mm) into

the vacuum chamber held at5x 10 ® Torr during the ab-
lation process. The neutral clusters pass into the mass spec-

, trometer, they are ionized by the ionization laser puise
_— Reaction cell this

|
Carri [w 1] \____
S -
H:Tnn?irxtg;e Metal Drum) 5
of He and O, j

-]
Reaction Cell Nozzle TOF

Valve T 200 viem

instance, an ArF excimer laser, 193 nm
<2 mJ/pulse@ 10 Hz), and extracted into the flight tube per-
pendicular to their flow direction by a 4.0 kV electric field.
The TOFMS is of a Wiley—McLaren desidn.

lons are detected at the end of a 1.5 m flight tube by a
dual microchannel plate detector. The output of this detector
is digitized by a Techtronix digitizing record¢RTD 720A)
at a rate of upd 2 G samples/s. Typically 2000 spectra are
I individually collected and individually stored for further

H

- oW analysis’ Averaged data or individual spectra can be gener-
H ated and compared in this approach.
Molecular jet

- 37Ky Note that the observed and presented spectra in this re-
Q“ ~*\—U ” e port, and in the following reportare often a sensitive func-
Af i / tion of the experimental parameters, such as timing of lasers
/ and valve opening, laser power, laser focal size, and TOFMS
settings. Thus, for essentially the “same experimental condi-
G, 1 Schematic drawing of the | bl o clectric field | tions,” one can, to some extent, vary the relative intensities
deflsctor, reacton cel, and TOFMS ionization region. This apparatus 0] JTerent series of cluster®.g., FgOn. 1,2, etc). These
enclosed in a vacuum chamber with two 6 in. diffusion pumps evau:uatingd'fferenceS are small and do not affect the general conclu-

the chamber and flight tube. The electric field deflection and reaction cell ar§ions one can draw from the overall experimental findings.
not used in these experiments.

i
I

lonization Laser - 193 nm or 118 nm

Ill. RESULTS
193 nm ionization laser power, concentration of oxygen ) ,
present in the reaction mixture, and other experimental pa-  Fi9ure 2 shows the TOF mass spectra taken at four dif-
rameters. In a following paper, we discuss the detected clud€rent @ concentrations in the He expansion gas2%; (b)
ter distribution as a function of ionization laser wavelength1%: (€) 0.5%; and(d) 0.1% in 20 psig He carrier gas. In
as well. Based on the present study, we suggest the therminese spectra, abl_at|on and ionization laser powers are 35 and
dynamically stable neutral clusters, estimate the extent ofl-> MW, respectively. As shown in Figsag, 2(b), 2(c), the

fragmentation, and compare the results of our studies witfaSS spectra reveal a series of iron oxide clusters of the form
those reported previousty® Fg,O. (m=n). Under these experimental conditions, no

Fe, clusters are observed, and the major cluster series are
Fe,O.. and FgO..,. Decreasing the © concentration
Il. EXPERIMENTAL PROCEDURES from 2% to 0.5% has the effect of increasing the intensity of
The experimental apparatus and procedures are simildhe TOFMS cluster spectra and stabilizing the overall distri-
to those used previously by our laboratdfyhe nozzle de- bution. At 0.1% Q concentration, oxygen deficient clusters
sign and overall experimental configuration is represented ibegin to appear as ﬁ@;_l [Fig. 1(d)] and the overall
Fig. 1. The deflection plates and reaction cell depicted in thi$&,0, cluster distribution becomes narrower. Note that the
schematic are not used in these experiments. The ablatiggrominent features in these cluster spectra are still of the
nozzle is based on the now-familiar Smalley deéfywith  form Fe,Oy, and FgOy.,, and that, at low concentration
an R. M. Jordan supersonic pulsed nozzle to which an ablasf O,, appearance of F®, _; in the mass spectrum is
tion structure has been attached. The ablation lasegprobably a kinetic result and not a thermodynamic one.
(532 nm@ 10 Hz, doubled Nd/YAG outpuenergy/pulse is Under these experimental conditions and nozzle design
typically less than 5 mJ and is focused#dl00.m on the  and structure, the most intense and stablgJZemass spec-
surface of a rotating drum to which is glued an iron foil tra are obtained at 0.75%,0He as shown in Fig. 3. The

(Aldrich, 99.9+%). The drum in this instance can also be series of clusters for this condition are f& , Fe,O . ;,

machined from iron. The same nozzle system can be emand FgO,  ,. The more oxygen rich clusters appear for
ployed with a powdered metal oxide sample that can bearger cluster sizesnf>6 for Fg,O,, and m>12 for
lightly pressed or gluetcrazy glue, sugar water).on to the ~ Fe,O, ,).

cylindrical drum for laser ablation. The ablation laser creates  Oxygen deficient clusters (F®, ,m>n) might be more

a plume of iron vapor(Fe, F€, Fe , Fe,, Fe,, Fe.), reactive than oxygen rich clusters, while oxygen rich clusters
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FIG. 2. TOF mass spectra of iron oxide clusters taken at four different

oxygen concentrationga) 2.0%; (b) 1.0%; (c) 0.5%; and(d) 0.1% in 20
psig He carrier gas, 35 mW ablation, and 11.5 mW ionization laser powers.
Each peak is classified by symbols according to the number of Fe and O

atoms: closed circle, F©;, ; open circle, FgOH, ; -

(Fe, O, ,m<n) might be more catalytically active than oxy-

gen deficient clusters. Thus, adjusting the experimental con-
ditions to favor one set of clusters over the other in the neu-
tral cluster distribution could be useful. As mentioned above,
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FIG. 3. TOF mass spectrum of iron oxide clusters showing the series O{ion with more than 0.1%

+

clusters FgO;., Fg,0.,,, and FgO; ., (0.75% Q in 20 psig He, abla-
tion laser power of 34 mW, and ionization laser power of 11 m@losed
circles, open circles, and closed squares show positions @DJe

F&.Om: 1, F&:0m. » Clusters, respectively.
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FIG. 4. TOF mass spectra of iron oxide clusters obtained by ablation of

three different surface oxidation conditions for an

iron surface with no

added oxygen in expansion g psig He and 5 Hz(a) high oxidation.

Closed circles, open circles, and closed squares sh
Fe,Om_1, Fe.0r_, clusters, respectively(b) inter
Closed circles, open squares, and open circles sh

ow positions,Of e
mediate oxidation.
ow positions, @, Fe

Fe,O,, and Fe, clusters, respectively; angt) low oxidation. Note that
Fe ;05 and FgsO; (@) are degenerate in mass (¢) and that the® in (a)
and(b) marks clusters of the form E@{’mﬁ),z form=3, 5,7, 9.

only Fg,O, (n=m) clusters are observed by 193 nm ioniza-

©present in the expansion gas.

Oxygen deficient clusters can be generated with pin@he

expansion gas, but the surface condition

of the iron metal is

important for the clusters that are observed. In Fig. 4, the
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cluster distribution is displayed for surfaces of three different
degrees of oxidation. Figureg@ shows a fresh, nonablated
Fe surface that has been exposed to air for a long time.
Figure 4b) shows the cluster distribution derived from the
Fig. 4(a) surface following one laser ablation, and Figc}4
shows the cluster distribution derived from the same surface
twice laser ablated. Under our experimental conditions, gen-
eration of oxygen deficient or pure metal clusters is quite
difficult. This series of mass spectra demonstrates that oxy-
gen rich and poor iron clusters can be observed by 193 nm
laser ionization and, in particular, that such ionization does
not completely lose information concerning cluster growth
and neutral cluster distribution. Timing of events and laser
conditions are not changed for these experiments. Even with
no oxygen in the expansion, F@;. are still the prominent 8 .
features in Fig. @). T

After the surface of the iron sample has been ablated i
once, the second ablation pass generates a setf,Fdus- - , ‘ WU
ters that are significantly more oxygen deficient. In the low ww ‘ JU Umﬁ Al , MMN«thM
mass region, the dominant clusters are still of the form 0 80 100
Fe.Om yvith m=3, 4, but, as th.e. number of iron gtoms in t.he Time of Flight (us)
cluster increases, oxygen deficient clusters begin to dominate
the mass spectrurfFig. 4b)]. Fe,O;, for m=5, 6, 7, be-
come only a minor species in the mass spectrum and even-
tually Fenofyzygv4 clusters dominate the spectrum rat=8.

With the next pass over the same Fe metal surface, pijje Fe
and Fg,0;, clusters are the main features in the mass spec-
trum [Fig. 4(c)]. Clearly these spectra display growth kinet-
ics and not thermodynamic stability or predominantly frag-
mentation. The results demonstrate that the formation of
neutral iron oxide clusters in the ablation process is signifi-
cantly controlled by the oxygen concentration in the plume
formed by the ablation. Additionally, E©,, cluster growth,
controlled in large measure by oxygen content in the plasma
plume, is a major factor in the observed TOFMS of the
Fe, O, clusters detected by 193 nm laser ionization.

Figure 5 displays the mass spectra of cluster ions gener- 15 (f) 6 mw
ated at 0.75% @/He@ 110 psig as a function of 193 nm
ionization laser power. At 20 mW2 mJ/pulsé¢ focused to
=0.5 mmX 2 mm, with the long dimension of the laser beam
collinear with the molecular beam axis, no mass spectral
features are observed. Most likely complete cluster fragmen- 20 40 60
tation occurs due to multiphoton absorption and ionization Time of Flight (us)
[see Fig. 8a)]: only the F€ feature is observed. With an . S
S . . . FIG. 5. TOF mass spectra as a function of ionization laser péés% Q
ionization laser power of 17 m\[\FIg. 5(b)]' iron oxide clus- in 110 psig He, and ablation laser power of 25 m\Wlosed and open
ters begin to appear in the form f@; (m=2,..,14) and circles show positions of £ and Fg,0;,, , clusters.

Fe,On.; (m=8,..,17,...). Small iron oxide clusters are

readily observed at this power up to,§8,5; however, the

larger clusters displayed in Figs. 2 and 3 must still be fragthe next section with respect to ionization/fragmentation
mented at this power. As the ionization laser power is furthemechanisms and the neutral cluster distribution.

decreased from 17 to 8 mW, the generation of iron oxide In addition to oxygen concentration and ionization laser
cluster ions is observed with both wide distribution and sig-power, we also explore the dependence of the TOFMS on
nificant intensity[ Figs. 5c), 5(d), 5(e)]. Further reduction in  ablation laser power, backing pressure, and chamber pres-
ionization laser power to 6 m\{Fig. 5f)] shows lower clus-  sure. In the power range 20—50 mW, the ablation laser power
ter ion intensity and a broader distribution to higher masshas little influence on the observed cluster ion distribution,
Note the trend with all of these spectra, but especially fobut the spectra are most intense for an ablation laser power
Figs. 5c¢), 5(d), 5(e), 5(f), that small iron oxide cluster ions of 30—40 mW. Variation of the backing pressure by as much
Fe,0., (m=7) are not observed as the ionization laseras a factor of 6 for the expansion has little effect on the
power decreases to 6 mW. This observation is discussed itluster distribution. The Fg, mass spectral signal can also

(a) 20 mW

(b) 17 mW

Intensity (mV)
o N A ®» @0 O [ EN » o O N Y o)) (o]
w

(c) 14 mW

N
o
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°. o

m _ o
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be a function of the vacuum chamber pressure. At the lowewithin the cluster can occur. Both intracluster vibrational re-
chamber pressur€ Hz repetition rate of nozzlethe best laxation (IVR) and vibration predissociatiofiVP) of the
mass resolution obtains. Clearly the ions must undergo somausters depend on cluster density of states: IVR rate con-
collisions as they are extracted from the ionization region forstants can be approximated by Fermi's Golden rule and VP
a 10 Hz experiment as the system pumping speed is fixed faate constants can be estimated by RRKM thébihus,

all experiments. large clusters have fast IVRr{,gr~1 ps) and slow VP £p
~1 us) and small clusters have slow IVR(g~1 us) and
IV. DISCUSSION fast VP (ryp~1ps), of course depending on density of

tates, excess energy in the cluster, Franck—Condon factors,

i nTh; dmalnl gct)a: Cgit?reizsetist#dflers IS toive\;]alua:e tfhe lnegtf’gtc?o At low density of states for small clusters, absorption
on oxide cluster distribution for a given Set of ClUSIer - .« sections can also become small.

growth conditions. Eventually, one would want to control The experimental conditions required to generate two

this distribution, to the extent possible, to include or e.mpha'photon ionization for the iron oxide clusters can also gener-
size, for example, oxygen deficient f@,,_,, oxygen rich

. ate vertical multiphoton absorption of more than two pho-
Fe ,Oneyx (1=x=<3), one-to-one FgO,,, mostly metallic P b P

tons. Additionally, the laser light is present fer10 ns,
FénO. 2, large F&O, (m>10), or small FgO, (m<10) hich is a long time compared to molecular and ion dynami-
clusters. The Results presents data that would suggest sug

fine tuning of the neutral cluster distribution | rtain | processes prior to cluster fragmentation. Thus, the clus-
pogsill;ilityg ot the neutral cluster distribution 1s certainly @, ¢ may fragment as neutral or as ions during this time and

In this di ion of the results. we will analvze the d tat subsequent times as well. We cannot determine, in these
S discussion of the resutts, we analyze the aaexperiments, whether fragmentation occurs for the neutral or

of the last section to extract information concerning the NeUy. o ion

tral cluster dlstrlb_utlon .Of FigOn and compare th_e results of Figure 5 demonstrates the influence of 193 nm laser ion-

the present studies with those found in the literature. W‘?zati

focus on the two experimental parameters that appear to hav on power (related to multiphoton/fragmentation pro-
. P P PP . ceesse)s on the observed cluster ion intensities in the mass
the most influence on the observed mass spectrum of iro

oxide cluster ions: oxygen content of the sample and th Epectrum. Such dependence corroborates the_idea thgt, at this
expansion gas ana ionization laser power ‘_?as_er v_vavelength, neutra! cluster fragmentation during the

' ' ionization process does influence the observed cluster ion
A. Oxygen concentration and 193 nm ionization laser distribution. We also know that the effect of 193 nm ioniza-
power dependence of the detected cluster ions tion laser energy/pulse must be a perturbation on the neutral

The data presented in Figs. 2—4 make clear that the negluster distribution and not the controlling effect based on
tral iron oxide cluster distribution is readily influenced and mass spectra obtained as a function of oxygen concentration

controlled by the concentration of oxygen in the expansioﬁ"lnd growth condltlonssseeh Figs. 2"’ :7 K 1n the gpectra of
gas and the oxygen content of the ablated iron metal surfacg.'gs' 2,3, and 4, we see that small clusters are mdeed present
the mass spectra as thg €ontent of the sample is varied

If an excess of oxygen is present for the reaction system, & ! NN
set of cluster ions is observed of the form @, and at fixed ionization energy/pulse. Note, too, that large clusters

Femof%ﬂ,z (m=25). If the oxygen content of the system is tend to have lower ionization energies than small ones. Thus,

reduced, a variety of F@©. (m>n) begins to appear. These one cannot conclude that the loss of small cluster ions at low
, N : ) o )
oxygen deficient clusters must be kinetically controlled be_laser energy/pulse is due to a reduction in fragmentation of

cause if sufficient oxygen is present, they grow to one-to-ond"9€ clusters. The reason for the absence of small clusters at
or oxygen rich species. The ionizaiion process may indee W ionization laser power must be that these clusters have a

cause some fragmentation of the neutral clusters, and may r(?duce? |ct)n|z§t|or([nul?p:1ottor) Cré)is, zectllon_ dlf[,e to thelr.
particular influence intensities of the observed features t pwer cluster densily of states and higher lonization energies

some extent, but it cannot be responsible for the gross bé:_ompared to larger clusters. This implies that the observation

+ + + ;
havior of the distribution as a function of,@&ontent in the of ::Q“Ofi” ' Fiﬂomﬂ’ FQ“O"}“ feﬁtures |r; the mass sPﬁ ctra
ablation/expansion system. The observed cluster ion diStl’ibL}[uly {e :acté_ et %retgenceoo suc trk]ueu”t? speuestl?ht tetr?eu-
tion reflects the nature of the neutral cluster distribution and'®' cluster distribution. One can thereby suggest that these

reveals which clusters may be thermodynamically stable angeutral' cllljlste{sbr:ealr o?e—tq-otr;]e Fe/O rat|osfare the thermo-
which are kinetically controlled. The neutral cluster distribu- ynamically stable CIUSIErS In the Presence of excess oxygen.

tion may well be richer than revealed by the 193 nm multi_At lower oxygen concentrations in the system, the observed

photon ionization processésespecially with respect to clus- oxygen - deficient c_Iusters (5@"".%”(.)’“‘1'.2'3“-). are
ters that might not appear in the TOFM®ut the observed present due to restricted reaction/diffusion kinetics as the
spectra are clearly growth and neutral distribution controlled.s"’"‘nple cools.

193 nm(6.4 eV) laser ionization occurs by multiphoton . . _ ) .
absorption because many of the small clusters, if not all clusE- Comparison with previous iron oxide cluster
ters observed, have ionization thresholds above 6.4 eV. Alscg?su”s
these clusters have a high density of vibronic states so that With oxygen in the expansion gas and for a high con-
resonant absorption of photons is possible and vibronic recentration of surface oxygen on iron through exposure to air,
laxation is quite fast. Thus, during a 10 ns laser pulse, manthe thermodynamically stable neutral Jf&&,, F&,On:1,
photons can be absorbed by a cluster, and internal relaxatiaand Fg 0., clusters are present in the beam, as suggested
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above. These results are in complete agreement with those dér conditions of insufficient oxygen for the growth process,
Riley and co-workersusing a very different reaction scheme oxygen deficient clusters, whose oxygen content is kineti-
from the one presented here. In these previous studies, irarally controlled, are observed. The nature of the observed
metal clusters are formed, cooled to room temperature, andeutral iron oxide clusters can thus be controlled through
passed through a flow tube reactor to form,©g clusters. In  variation of the oxygen content of the ablation/expansion
our situation, one can think of the neutral cluster growthprocess.

mechanism as schematically represented tfFetnO The major conclusions from these studies are given
—Fe, 0, in a step-by-step process. A suggested mechanisrelow.

for the formation of similar clusters from such different re-
actants (Fg+x0,—Fe,O,) is that theAH for the reaction

of Fe with O is so large that the feclusters are heated to
10°-10* K such that an atomic mechanism applies in both
circumstances. Bond energies for,FeO and FEO, are
3.8-5.2 and 9-12 eV, respectivélfhis would attest to the
fact that, in the presence of excess oxygeoth cases the
F&,Om and Fg§ O 1, clusters are truly the thermodynami-
cally stable neutral clusters fon<30, at least.

On the other hand, the oxidized or adsorbed iron surface
studies(for which oxygen exists in the system in less than
stoichiometric amounjsshow that oxygen deficient clusters
can be generatedunder kinetic/diffusion contrglin the
beam. Nonetheless, even under these conditiongOke
clusters can be found along with F&. (n<m). This is in 3)
accord with the findings of Sakuri and co-work&sho also
apparently employed oxygen deficient conditions in their ex-
periments. Note that their nozzle design is unique and differ-
ent than the one employed in the present experiments. 4)

Sakuri and co-workefshave found, under oxygen defi-
cient conditions, that the intensity of cluster ions of the form
FemO(er%),2 (m=3,5,7,...) is enhanced. We have also found
this tendency as can be seen in Fig. 4 for the features desig-
nated with an asterisk. For example, from Figh)4e,O; is
more intense than F®, , FeO; is more intense than
Fe;0, and FgO, is more intense than E@; : this is not
the expected trend for random growth of clusters based on
cluster size. Since these features do not appear as special
under conditions of excess oxygen in the system, however,
we conclude their presence is a result of kinetic growth con-
trol and not thermodynamic stability. These workers alSOACKNOWLEDGMENTS
suggest the presence of a “special” stable cluster
Weggnote thaE[), under the oxyrc)_:len starved conditio?icgge} Fig. This research is supported in part by grants from Philip
4(c), we also see an enhanced intensity fof08 as has Morris USA and the U.S. Department of Energy.

been reported by Sakuri and co-work&fBhis feature is de-
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