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Interaction of molecular hydrogen ions with the LiF(100) surface
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Scattering of H molecules from a LiFLO0) surface at grazing incidence is studied in the energy range from
600 to 4000 eV. The scattered particle yield measured in an azimuthal scan at various temperatures showed
peaking at the[TOO] direction. A W-shaped peaked yield was observed near[fﬁ)@] direction above a
temperature of about 200 °C, which shows that there is no charging up of the LiF crystal at this temperature.
About 70% molecular survival was obtained at a very low primary energy of about 600 eV and this dropped
to about 20% around 1300 keV. At lowsHenergies a very low charge state fractiofi Hnd H™ ions were
observed and it reached a maximum to about 15%, and 10%, respectively, are@idl ReV and decreased
at higher energies. The molecular survival fraction and the charge state fractions stabilize above 250 °C. The
molecular survival fraction was found to be higher at a random condition when compared to the yield at the
[TOO] axis. The mean energy loss of the neutral atoms is found to increase linearly with energy.
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[. INTRODUCTION gaseous ions can be produced. The charged gaseous ions are
then energy and mass selected by a magnet and the beam is
Interaction of atomic and molecular projectiles with insu- directed onto the sample placed in a UHV system. A gas cell
lating surfaces of ionic crystals have gained a lot of attentiorpresent between the analyzing magnet and target chamber is
in recent year$=® An efficient mechanism prevailing in such used to produce neutral beams. The energy of the scattered
insulator projectile systems in the production of negativeparticles are measured using a time-of-flighOF) system.
ions finds application in the design of low-flux negative-ion The TOF beamline is fixed at an angle of 10° with respect to
beam sources and also in the construction of neutral particlthe primary beam direction and all measurements are per-
detectors in space research. The understanding of electrdarmed under specular reflection, i.e., a glancing angle of 5°
exchange processethat control the majority of chemical is used. Particle detection is acheived by using a multichan-
reactions on surfaces is very much relevant in surface chemnmel plate detector with an aperture of 1.@@ll width). By
istry. So it becomes important to study such interactions. LiFusing an appropriate acceleration, voltage separation of dif-
is an insulator with a large band gap of 14 eV. This largeferent charged particles could be achieved. The detection
band gap affects the resonant electron capture and loss bpitobability of the TOF detector for H molecular ions is
does not play an active role in the energy-loss and electromeasured by deflecting the primary beam into the TOF tube
emission processes. and measuring the yield in the TOF detector for various en-
There are reports showing a very high negative-ion for-ergies of the molecular ions.;Hion energy could be varied
mation when neutral projectiledike H, O, and F interact by raising or lowering the accelerating voltage.
with alkali-halide surface$® Neutralization of the ions via LiF(002) surface was sputtered slightly with 1 keV Aat
resonant tunneling and the consequent negative-ion formamg|es of incidence between 15°. 5° andthen annealed. A
tion via local electron-promotion mechanism have been reTOF spectrum taken after this showed no detectable level
ported in the case of proton impact on ionic compouhds.impurites. Estekt al. showed long back that LiF surface is
There are few reports on the,HLiF interaction at various very stable. At room temperature they showed no adsorption
energies above 1 keV, but not many reports are found belown LiF when they tried to adsorb watEr.During all the
1 keV region. In this paper, we report the azimuthal scans fomeasurements, the temperature of the sample was kept at
molecular hydrogen ion scattered from a (B0 surface at  330° C to avoid a pileup of surface charges that otherwise
various target temperatures. Molecular survival fractions angyill deflect the incident ion trajectory.
ion charge state fractions at various temperatures measured
along a random and an axial position with respect to the ll. RESULTS

LiF(100 surface will also be presented.
Figure Xa) shows the azimuthal scan yield at various tar-

get temperatures. The sample was azimuthally rotated from
0° to 70°. The azmimuthal rotation was performed with a
The details of the experimental apparatus has been déine stepper motor controlled system. In our case, the sample
scribed elsewher¥. The experimental setup consists of anwas rotated from-25° to +47.5° with respect to thg100]
UHV chamber coupled to a low-energy accelerator systemdirection. Azimuthal scans were taken from about 40 to
The accelerator consists of a plasma ion source where ar800 °C. At low temperatures, the incident primary beam was

II. EXPERIMENTAL PROCEDURE
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(a) Azimuthal angle FIG. 2. Molecular survival fraction and charge state fraction for
1023 eV H on LiF(100 surface measured at various crystallo-
1.1 1031 eV H,” on LiF(100) . graphic configurationg\, B, C, D as marked in Fig. 1 showing the
] ? 195°C azimuthal scan. The measurements were taken at a sample tempera-
1.0 dlz\'#]\:?ﬁ\fj ) ll‘_\l ' JE&'R ture of 300 °C. The solid lines are just to guide the eye.
> 1 PO g g _ - o . .
G 094 ﬂjﬂ &) o %quﬁ charge pile-up and ionic conductivity is thus evident at this
2 /@5 ?ﬂﬂ\ d It L= temperature.
% 08qn 9 Dl & %@ﬁ%@ i10 Figure 2 shows the molecular survival and charge state
£ g E\ﬁ f 5450)] fraction for 1023 eV H ions with a grazing incidence on
g 0'7'_ | gl o LiF (100 surface held at 300°C. Spectra were taken at dif-
z .. b ferent crystallographic orientations of the sample with re-
o 2o spect to the incident beam trajectory. At four different con-
05 a " figurations marked\, B, C, andD [in Fig. 1(a)] the spectra
 E————————— were taken. PositionB andD corresponds to two crystallo-
20 -10 0 10 20 30 40 graphic orientations i.e[,100] (0°) and[110] (45°) direc-
(b) Azimuthal angle tions. Analysis of these spectra as described in Refs. 12 and

13 revealed marginal difference in the molecular survival

FIG. 1. An azimuthal scan yield for 1031 eV,Hncident on  vyield and charge state fractions. The molecular survival yield
LiF(100 surface at various temperatures. At 150 °C the peak beranges from about 42%—55%. A higher molecular survival
gins to appear at thd 00] direction(markedB). Symmetrical yield yield (~55%) was observed in the random case and along
is not observed at 150 °C and 170 °C due to the deflection of thg,e [110] direction when compared to thEl00] case
incident beam because of charging. At about 220 °C, the sample~42%)_ Negative ion (H) formation is dominant
becog"est Cotrlld“Cting thus a"zging Char.gi”%'] 'I;he posmfml')(;ref' (~5%) when compared to the positive ion {Hformation
sponds 1o e ranaom cas n azimuthal scan Yyie or . .
1031 eV H incident on LiF100) surface at 195°C[100] and ]£~1%). There is no change in the observed charge state
[110] directions are marked in the figure. raCt.IonS at various positions. .

Figure 3 shows the molecular survival and charge state
fraction of 1018 eV H ions incident under grazing condi-

deflected directly into the TOF tube due to the surface Chargﬁons on |_|R100) Crysta| oriented at constant random condi-
pileup. This charge pileup was confirmed by the observatiofions taken at various temperatures. It is seen from the figure
of the primary beam in the scattered TOF spectrum. Thehat the molecular survival stabilizes beyond 250(&Bout
appearance of a primary beam occured till about 190 °C. A45-50%). The charge state fraction of kbns and H ions
about 200 °C, this primary beam completely vanished indi-also stabilize beyond about 250°C. Stabilization of the
cating that at this sample temperature, there is no charggeld/charge state fraction suggest that beyond this tempera-
pileup. In the figure, we show the azimuthal scan yieldsture LiF becomes a good ionic conductor.
taken at 150, 170, 220, and 330°C. A W-shaped spectrum Figures 4a), 4(b), and 4c) show typical TOF spectra of
appearing betweer 15° and+15° with a peak around 0° H, ions at different energies scattered off a (1iB0) surface
is from the[100] direction. The maximum intensity observed at a grazing incidence. For each energy, two TOF spectra
comes from the region far outside the low indexed orientawere taken at negative and positive bias applied to the accel-
tions. It is clear from the spectra that the shape of the speerating stage. In the case of applied negative bias, positive
trum does not change from about 220°C. Even at 195 °G@nolecular and atomic hydrogen ions were detected along
[Fig. 1(b)], the spectrum shows a W-shaped peakind @f]  with neutral atoms and molecules. In the case of positive
direction. This indicates that even at 195°C, there is nddias, negative hydrogen ions along with neutral atoms and
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60 " atoms at various energies. In their case, they show almost a
11018 eV H," on LiF (random) constant energy loss below 1.0 keV. In our case, we observe
a fairly constant value only below 400 elénergy/atom

This difference could be due to the higher grazing incidence
in our case(5°) when compared to theirs (0.18°). At low
energies within the experimental error, their values match
with our measurements.
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IV. DISCUSSION
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We report here evidence for surface axial channeling ef-
H ions fects of LiF[Figs. 1@ and Xb)]. These channeling patterns
M f have been reported frequently from metal surfaces but
0 E'T- - = L A . mainly in the backscattered ion yietd!® The observed
structures in the case here, forward scattering, are due to the
Temperature (* C) particular combination of the crystal structure and the
FIG. 3. Molecular survival fraction and charge state fraction forsr.]aldoW cone pro_duced by the ions. For metals, He on
1018 eV H on LiF(100 surface measured at Sositi(m(random Ni(110, similar aZ|mqthaI y"?'ds have_ been_é)ﬂbseﬁ?eahd
case as marked in Fig. 1 showing the azimuthal scan. The yieldreprOdUCGd by classical trajectory smulap sHerg t.he
gets stabilized above 250 °C. axial channeling effect serves two purpos@)sses_tabllshlng
the temperature range where no surface charging occurs and
(i) where the surface is properly annealed and has an or-
molecules were detected. In Figa#for 602 eV primary H  dered structure. The ion yields, or rather, the charge state
ions, distinct atomic (Fi) and molecular (H) hydrogenion  fractions, i.e., H/(S allparticles) and, i.e.
peaks are seen in the high energy side of the TOF spectra~/(3 all particles) respectively, are approximately inde-
with negative bias voltage. In the low-energy side, a nicependent of the azimuthal orientatidfig. 2). For the mo-
hatlike neutral molecular peak is seen riding over a broadecular survival fraction H/(3 all particles), there is a
neutral atomic peak. Similarly, in the positive bias case, & ajiow minimum for scattering along the00]. Slightly off
broad negative hydrogen ion peak is seen. In Fig) 9993 he axis is orientatiorB in Fig. 1(b), where the molecular
eV) the hatlike neutral molecular peak is not as sharp as seef)ryival is slightly higher, and approximately 20% higher for
in the low-energy casg02 e\) indicating a reduction in the . . — o
surviving neutral molecules. At still higher energifSig. orlgntathnsci (randon? andD_[llO]. Qualltatl.vely, by com-
4(c) (2889 eVf], there is no visible surviving molecules that paring with the c_IassmaI trajectory_ .calculatlo.n of a méfa!,
Jhis is due to the increased probability of rotational excitation
peak. of the H, molecules in thg100] channels. The molecular
Figure 5 shows the molecular survival fraction as a func-Survival is also strongly affected by the temperatfifig. 3),
tion of primary energies of H particles scattered off a which is due to the !ack ofawgll—anpealed surface structure.
LiF(100 surface. The survival fraction decreases with in-Below 280 °C the LiF surface is obviously rough, thus caus-
creasing primary energy. At about a primary molecular ioniNd more dissociation. The quahtaf[lve behavior o_f both the
energy of about 1400 eV, no more molecules survive in thdo" yields and the molecular survival as a functllon of the
scattering process. At higher energies, vibrational excitatiop®@M €energy can be read from the “raw datéig. 4).
dominates the molecule surface interactiband the prob- These figures show original energy spectra as converted frpm
ability of the breaking up of the molecules increases. Athe TOF spectra and described in Sec. Il. The respective
closer look at the shape of the curve reveals a redfiam frac_tlons are plotted in Figs. 5 and 6. Beslde the _plateaullke
700 eV to about 1000 eV in Fig.)Svhere the molecular F€gion below 1OQO _eV the mo_lecular s_,urvwal fraction shows
survival shows an increased scatter of the data and a plateati® same qualitative behavior as in the case of metal
like region. At present, we have no explanation for this re__surface§._ Howe_ver, the molecular survival at low energies
producible feature. is appreciably higher, a factor of 2 than for, e.gs, Bcatter-
Figure 6 shows the charge state fraction as a function ond of Pd110.%* The higher dissociation on the metal sur-
primary energy. It is clear from the figure that at low- face is caused by electron capture into the attibonding
incident primary energies, both negative and positive hydrotriplet state, which is comparably unlikely on a wide band-
gen ion productions are low and increase gradually with engap insulator. Similar differences have been observed for O
ergy and reaches a maximum at about say 2500 eV and falgeattering of PAL10) and a diamond surfacd.For N, no
off at higher incident primary energies. such difference is found, becausg has no such triplet state
Figure 7 shows the plot of mean-energy loss of neutrahs Q. Neverthless, charge transfer of one and two electrons
atoms as a function of primary energy/atom. The mean enis happening into Bl on LiF, as seen from the high yields of
ergy loss increases with incident energy of the particle. Thiseutral H, and H and H, respectively. The charge capture
is very consistent with observed results reported eatfigr. from LiF is understood in terms of an atom-molecule or
Winter et al® recently have reported the energy loss of H° atom-atom charge exchange process between the anionic
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FIG. 4. Energy spectra Hscattered from a clean L{EOQ) surface at an angle of incidence of 5° and a scattering angle of 10°. A narrow

peak riding over the broad neutrals peak at low-energy side is fromedtrals. At higher energies,sJHand H" peaks are seen. These
positions depend on the acceleration voltage appligdpHiticles arga) 602, (b) 993, and(c) 2889 eV.
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FIG. 7. Energy loss of neutral hydrogen atoms at various pri-

FIG. 5. Molecular survival fraction of H scattered from a 5 “ c i
LIF(100) surface at 5° incidence angle and 10° scattering angleMary energies per nucleon. The energy loss increases linearly with

The solid line is just to guide the eyes. incident energy.

tion with some H as the final product. In the gas-phase

site, F*, and the H or H to form H, or H™, respectively?® . . . .
Alternatively it has been argued that, albeit the @elivers ;i%rrr]r?lnologf this would be called a resonant ion pair produc

the electron, the process is induced by the broadening of the™
F~ levels due to the parallel velocity component of the
ions?* hence, the process is resonantlike as on a metal sur-

face._ Unfortunately, both theoretical approach_es give Charg?he other possibility is that the His not formed by a double

fractlorj—energy (_jependences,_bellshaped, as in Fig. 6. ._electron capture but, rather, in a second independent step as
In Fig. 8 we give a schematic energy-level diagram of LiF ;. \<ce for the H formation®2i.e. by electron capture

and the important energy Ievgls of th_e hydrogen _system. Th% an atom (F site)-molecule (H) collision. Vibrationally

H, 2 so(11) ground state W'.” be shifted up by Image po- 4 rotationally induced dissociation produces H atoms.

tential effect and, hence, be in perfect resonance with the ?

2 p valence band of LiF. There is no competition with Auger hese H atoms collide with Fsites producing H ions. This
P . ) P 9€Tis the case over most of the energy range studied. Figure 8
capture effects as in the case of metals like Al where, due t

the wide bandwidth, both resonant and Auger capture i ive;, from the poi_nt of view of gxisting theorié§?3:25*.26a
T . ’ g consistent, qualitative interpretation of the dissociation and
possible?® In LiF, there are no electrons available for an

Auger-tvpe process. The-Hlevel is also in resonance and ionization processes observed here. In the most recent theo-
ger-type process. 'Nhe, S retical approach® an “electron promotion” model is used to
hence, capture into this state may occur and lead to dissocia-
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FIG. 8. Energy-level diagram of LiF and the important energy
FIG. 6. Charge state fraction for'Hand H ions at various H levels of H, and H. Note: The Kb Z,,(11) state is antibonding, so
primary energies scattered off a I(ID0) surface. The charge state the value of—8.3 eV is valid only for a Franck-Condon transition
fractions increases with energy and falls slightly at higher energiesrom the H, ground state. The vacuum energy of thg ¢hergy
The solid lines are to guide the eyes. levels is the H ground state and H° for the H respectively.
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calculate H-induced secondary electron spectra of LiF. Dustate fractions got stabilized. A higher molecular survival
to the promotion, doubly excited ®* is formed at the sur- fraction for low incident primary i ions is observed that is
face from which electrons are emitted by autoionization.very high when compared to the case of metals. At loyv H
Here, we would suggest that H atoms capture electrons fromanergies a very low charge state fraction &hd H™ ions are

these F** sites to form H. observed and it reached a maximum of about 15% and 10%,
respectively, roughly around-22.5 keV and decreased by a
V. CONCLUSION factor of 2 at higher energies. The molecular survival frac-

tion was found to be higher at a random condition when

Scattering of H molecules from a LiFL00 surface at compared to the yield at tHe.00] direction due to the pen-
grazing incidence has been studied in the energy range froe%”

: X ration and scattering of incident particles in the latter case.
600_to 40_00 eV. The azimuthal scan measuring the_scatter e mean energy loss of the neutral atoms is found to in-
particle yield showed a peak at tfiz00] direction with a ¢ ea5e finearly with energy, which agrees well with the ex-
good symmetry around it only at about 195 @it shown in isting theories.
the figurg and above. No such symmetry is observed below
this temperature. This clearly demonstrates that the charging
of the LiF crystal persists till about 195°C. A symmetrical
peak appearing at the axis shows that scattering measure- K.S. would like to thank the Alexander von Humboldt
ments on LiF should only be done at temperatures abovEoundation for the support to carry out this research work.
250 °C where complete ionic conductivity is present. At thisThe work was supported by the Deutsche Forschungsge-
temperature, the molecular survival fraction and the chargeneinschaftDFG).
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