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Development of a temperature-programed electron-stimulated desorption
ion angular distribution/time-of-flight system for real-time observation
of surface processes and its application to adsorbed layers on Ru (001)
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A temperature-programedP) electron-stimulated desorption ion angular distributig$DIAD)/
time-of-flight (TOF) system was developed in order to observe surface processes in real time by
ESDIAD images and to measure TOF spectra of desorbing ions for identification of the mass and
the kinetic-energy distribution of ions. The instrumentation of this system is described. This system
was applied to {3 Xv3)R30°-CO/Ru(001)0.33 ML) and CO-saturated RD01) surfaces. As for

the (V3 xXv3)R30°-CO/Ru(001), the increase of the half width at half maximum of the ESDIAD
images upon annealing was found corresponding to the thermal excitation of the bending mode
and/or hindered translation. On the other hand, as for the CO-saturated surface, the static disorder
of the molecular axis of CO was larger, and apparent thermal excitation was not observed. After
partial desorption of CO from the CO-saturated surface where the surface changes info the
X3 structure at 400—430 K, the yield of'Qncreased due to the change in the adsorption site of
CO. TOF spectra for ammonia adlayers (Nahd ND;) were also measured by the developed
system and the isotopic ratios for ESD yields depending on the adsorption(stegessorbed first

layer and physisorbed second layavere obtained. ©1998 American Institute of Physics.
[S0034-674808)02610-7

I. INTRODUCTION problems should be circumvented in order to utilize

ESDIAD as a method for monitoring surface reactions in real
Electron-stimulated desorption ion angular distributiontime.

(ESDIAD) has been demonstrated as a potential method to  For the purpose of achieving this aim, we have devel-
acquire information on the configuration of adsorbates Ohped an instrument which can measure ESDIAD images and
solid surfaces.This technique has been used to obtain strucTop spectra of desorbing ions during the course of
tural information of various adsorbates and reaction intermefemperature-programed reactions and during chemical pro-
diates on solid surfaces. Many instruments and systems ha\é%sses at constant temperatures. A pulsed incident electron

been developed for measurements of E.SP and ESDlADbeam and a pulsed heating current synchronized out-of-time
Yates and co-workers have developed a digital ESDIAD sys- . .

o . ) phase with a repetition frequency of 12.8 kHz were adopted
tem and applied it to many chemisorption systéndass-

selected ESDIAD images by adopting a pulse-gated deted” this study. The whole system will be called the
tion system has been realized by Madey and co-workérs. temperature-programedl’P)-ESDIAD/TOF system hereaf-_
Recently Ahneret al. reported a time-of-fligh{ TOF) ES- ter. Several studies on an electron-beam blgnkmg technique
DIAD system acquiring a momentum-resolved ESDIAD for elevated temperatures have been published. Tracy re-
image® These systems require several seconds to 100 s #@Prted a temperature controller for low-energy electron dif-
obtain an ESDIAD image. Though the images obtained byraction (LEED) at high temperature with the repetition fre-
repeated anneal—quench procedures have been shown gHency of 62.5 HZ. Thomas and Weinberg reported a
many cases, to the best of our knowledge ESDIAD has noemperature controller for use of high-resolution electron-
been used to monitor continuous chemical changes at activgnergy-loss spectroscopfHREELS measurement at el-
surfaces in real time. There might be two reasons for thi®vated temperature at 0.3 HRiedl and Menzel measured
limitation. One reason is a rather long acquisition time. TheESDIAD of CO on R(002) at elevated temperature using a
other relates to the temperature control of the sample. Suguadrupole mass spectrometer by rotating a sample, where
face chemical reactions occur usually at elevated temperadternatively chopped electron beam and electron bombard-
tures or in temperature-programed conditions. Annealing ofnent for heating at 30 Hz were adop(%th this study we

a sample is usually carried out by resistive heating, whichalso report a low-cost circuit for measuring TOF spectra with
induces a magnetic field near the sample, and hence, affecisrepetition frequency of 2 kHz. It is noted that TOF mea-
the motion of desorbing ions from the sample surface. Thesgyrements, which are used for identification of mass and
translational energy distribution of desorbing ions, have been
dCorresponding author; electronic mail: iwasawa@chem.s.u-tokyo.ac.jp carried out by several grouﬁEV
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FIG. 1. (a) Schematic diagram for the TP-ESDIAD/TOF systdin). Pulse
sequences of electron beam and heating current for TP-ESDIAD measure-
ments. The amplitude of heating current is modulated by a PID controller.

) ) ) ) FIG. 2. Design for PID temperature controller under application of bias
In this article we report the instrumentation of a TP- voltage to the sample.

ESDIAD/TOF system and its application to adsorption sys-
tems on R(001). The TP-ESDIAD/TOF system has already h

. : ating current remains zero during the flight of the pulsed
been used to observe coadsorption systems of ammonia agﬁectron beam and desorbing ions. The repetition frequenc
CO!8 methylamine and C& and acetylene and CO on 9 ' P quency

RU00D.% and a decomposition process of methanol o is 12.8 kHz and the duration of the electron beam iasb
: 21 P P “rhe sample current in the temperature-programed ESDIAD
Ru(001)p(2x2)-0.

can be estimated to be 10.3 nA. Temperature control of the
sample was performed by a proportional integral derivative
Il INSTRUMENTATION (PID) controller. Bias voltage can be applied to the sample
The diagram of the TP-ESDIAD/TOF system is shownduring temperature controlling as shown in Fig. 2. Two iso-
in Fig. 1(a). ESDIAD optics placed in an UHV chamber is lation amplifiers(Burr—Brown 1SO-100APwere adopted to
comprised of a microchannel platMCP) with a phosphor read and control the temperature of the sample floating at a
screen, two plane grids, two hemispherical grids, and atias voltage with respect to the ground level. The PID circuit
electron gun which can emit a continuous electron beam anceceives a reference voltage output from a computer corre-
a pulsed one with a variable duration. The effective diametesponding to a programed temperature and compares it with a
of the MCP is 4 cm. The MCP, located 4 cm away from themeasured temperature, giving a sigripbwer control to
sample surface, accepts desorbing ions within a polar angkegulate the power supply for resistive heating. There are
of +£45° from the surface normal. There are three operatinghree common levels, Gnd, com1, and com2, where Gnd is
modes,(1) conventional ESDIAD measurement using a con-the ground level, “com1” corresponds to the bias voltage
tinuous electron beant?2) temperature-programed ESDIAD with respect to the Gnd, and “com2” is highey 15 V than
measurement using a pulsed electron beam and a pulsed fesom1” for the use of pulsed resistive heating. Figure 3
sistive heating current for the sample, @8 TOF measure- shows the designs for the pulse control circuit, deflector cir-
ment of desorbing ions at a fixd@levated temperature. A cuit, and power supply for heating. The pulse control circuit
silicon intensifier targetSIT) camera(C2741-8, Hamamatsu creates two pulses for the incident electron pulse and pulsed
Photonics Cg.was used to record the ESDIAD images ap-resistive heating from a 12.8 kHz signal. The deflector circuit
pearing on the phosphor screen on video tape. The incideproduces the pulse for electron-beam blanking at the deflec-
angle of the electron beam is 55° from the surface normaltor. The power supply for heating enables pulsed resistive
The primary energy of the electron beam can be set from 1@eating with a voltage amplitude regulated by the PID cir-
to 1000 eV. All measurements in the present study wereuit. The pulse control circuit generates trigger pulses for the
performed with the primary electron energy of 350 eV, inelectron beam and resistive heating by using single shot in-
which the sample current was 0.26A in the continuous tegrated circui{74LS222 with an input pulse coming from
mode. In the case of the temperature-programed ESDIADa frequency-variable pulse generator. The phases of the
distortion of the trajectories of desorbing ions by a magnetigulses can be adjusted by changing the variable resistors as-
field induced by a heating current must be avoided. Theresociated with the 74LS221. When the deflector circuit, hav-
fore, a pulsed electron beam and a synchronized pulsed r@g a photocouplefTLP554), accepts a transistor—transistor
sistive heating current were adoptgeig. 1(b)] so that the logic (TTL) pulse from the pulse control circuit, a negative
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was 2 kHz when a scanning time length was set to be 5.12
us. In TOF measurements, after receiving a trigger pulse
from the computer, a pulse is sent to a deflector of the elec-

5V (Pulse control circuil 5V

e S o e tron gun, and the counter timet34F19) are set to start.
Joput rom e P e 9 Signal pulses coming from the screen electrode of the MCP
i S wi], wl, assembly are amplified and discriminated through the
B i amplifier/discriminator and are sampled by four parallel D-

Flip Flops (74F74 with four different phases, resulting in a
sampling rate of 100 MHz. Sampled data are stored in a 128
kbytes static random access mem@RAM) (HM62832, 8
bit X 32K, Hitachi Co). Since data are latched by clocks
with four phases, only 4 bits of each address are used and the
other 4 bits are kept at low level. The connection between
the data storage circuit and the computer is mediated by a
conventional interface card assembled by us with 24 bits for
output and 16 bits for input. After each scan, data in the
memory are read by the computer to accumulate a TOF spec-
trum.

Figure 4 shows a design for the data storage circuit com-
prised from six blockdFigs. 4a)—4(f)]. (a) Formation of
FIG. 3. Designs for pulse control circuit, deflector circuit, and power supplyclocks. Four 25 MHz clock pulse€CLK1-CLK4) with a
for heating. duty ratio of 1:3 and different phases are formed from a

100.0000 MHz quartz oscillator. Q2 is a 50 MHz signal with

pulse with an amplitude of 15 V is applied to the deflector,a 1:1 duty cycle, which is used to control the SRAM.
Changing the Voltage for the deflector from (15’V0m3) to CLRSIG is a clear pu'se given by the Compu(a)_Address_
com3, so that the electron beam is allowed to pass througmg for writing. Address for writing data on the SRAM is
the deflector electrodes. Pulsed resistive heating is performegg,med by four serial counters. AO—A15 are the address bus
by switching on and off the heating current using a metal—q; the data storage circuit. A15 is not used for memory. A
oxide—semiconductor field-effect transisi@SK1381 with  connection marked as an asterisk in Fig. 4 is chosen from a,
a control signal mediated by a photocoupler. Two power, ang ¢ to select a scanning time length of 5.12, 10.24, and
supplies were connected in serias5 V constant power sup- > 48 4s. A signal “final” is produced after the scanning

ply with a capacity of 20 A and a voltage-variable POWer ime is gver to initiate the memory reading procedure by the
supply (10 V, 50 A) regulated externally by the power con- ¢,mp ter (c) Addressing for reading. Address for reading

trol (0—10 V) from the PID circuit. This connection means data from the SRAM is given from the computer. Co0—Co15
that the voltage amplitude varies from 5 to 15 V for stableare out-ports of the computefd) Timing for starting and

temperature control. finishing the pulse counting. Pulse countifgcanning is

The heating rate adopted in th? present study was o'ﬁﬂtiated by the “start pulse” from the computer, yielding
K/s. An ESDIAD image corresponding to each temperatur he “RUN” signal that enables counting and the “pulse

was acquired by summing 30 digitized video frames. This_ ~ . . . o

o . . - . out” signal that is sent to the deflector circuit to send an
procedure implies that an image contains the contribution . e . .
from the temperature range of 0.5 K. The ESDIAD images|nC|dent electron pulse. After the “final” signal is received

from (b) the “interrupt” signal will be sent to inform the

obtained using a pulsed electron beam do not look b"nkin%omputer of the end of one scanning) Sampling. The
because of the rather long lifeting®@0—2000us) of phosphor | . . o
N g lifeting Jus) of phosp input signal is sampled by four clock€LK1-CLK4). 4 bit

P-20. It is evident that this system is effective for measur- .
(P-20 4 data are latched by the 74F574 and delivered to the data bus

ing ESDIAD images during elevating temperature of the 0-D3 by the 74F541. DA—D7 d and al
sample, whereas the distortion and broadening of the imagég) -D3 by the ) —D7 are not used and always

are apparent when the sample is annealed by a continuoff§Pt at the ground level(f) Memory access. SRAM
heating current during a conventional ESDIAD measure{HM62832 needs ‘WE” (write enablg, “OE" (out en-
ment. An ESDIAD image at 550 K was recorded as a backabl®, and “CS" (chip selectsignals for writing and reading
ground image due to emission of soft x ray and this compodata. Two 74F541 provide three signals appropriate for ei-
nent was subtracted from all images. ther writing or reading according to the signal$VRITE”
TOF measurements were carried out using an inciderand “READ” from the computer. Ci0O—Ci7 are in-ports of
electron beam with a duration of 150 ns. The arrival of electhe computer, exporting data to the computer.
tron pulses on the screen of the MCP is converted into a TTL  The current of the electron beam during TOF measure-
pulse by an amplifier/discriminatgiHamamatsu Photonics ments corresponded to 0.048 nA. TOF spectra in the present
Co. C3866. Pulse counting and accumulation were per-study were obtained after iOrepetitions, which corre-
formed by a home-built data storage circuit with a time reso-sponded to an acquisition time of about 1 min. In the case of
lution of 10 ns controlled by a personal compudEC PC- TOF measurements integrating over the whole solid angle,
9801 with Intel 486SL, 50 MHE The repetition frequency heating was carried out not by a pulsed current but by a
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FIG. 4. Data storage circuit for TOF measurements of ESD ions with a time resolution of 10 ns, that is comprised of sixalfirksation of clocks(b)
addressing for writing(c) addressing for readingd) timing for starting and ending pulse countirig) sampling, andf) memory access.

continuous one to minimize noise in the spectra.
Since the data storage circuit is driven by a 100 MHzMEASUREMENTS

clock, all parts were soldered on copper patterns fabricated
by photoresist and etching on an epoxy resin board. A pro- The TP-ESDIAD/TOF system was used to monitor CO

gram for handling the data storage circuit was described wittmolecules adsorbed on R01). Figure %a) shows an ES-

a C compiler.

lll. TEMPERATURE-PROGRAMED ESDIAD

DIAD image and an intensity profile forvxv3)R30°-
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FIG. 5. (a): ESDIAD image and intensity profile for C(®.33 ML) mea- £ 6. variations of intensity@ and HWHM (b) with temperature for
sured at 130 K(b) and(c): Intensity profiles of TP-ESDIAD images versus TP-ESDIAD images. Circles:v@ X v3)R30°-CO/Ru(001); triangles: CO-
temperature for 3 xXv3)R30°-CO/Ru(001)(0.33 ML) and CO-saturated saturated surface.

surface(0.68 ML), respectively.

(V3Xv3)R30° structure. At higher temperatures the inten-

CO/Ru(001) Pco=0.33 ML) at 130 K. The bias applied to sity decreased in a similar way to the case of th€ (
the sample was 95 V. In this ESDIAD image the main des-XV3)R30° structure.
orbing ions are O as evidenced by the TOF spectra shown
below. The ESDIAD image is azimgthally_ symmgtric with V. TOE MEASUREMENTS
respect to the surface normal. The intensity profile was ex-
pressed in a Gaussian line shape with a half width at half TOF measurements by the TP-ESDIAD/TOF system are
maximum(HWHM) of 5.5°. This value of the HWHM rep- shown in Fig. 7. Figure (@) is the TOF spectrum for the
resents the compressed one due to the bias voltage, and is(iv3 Xv3)R30° structure at 100 K. A peak at fis corre-
agreement with previous studi&&’ considering the bias sponds to the emission of the soft x ray stimulated by the
voltage. incident electron pulses. Peaks of" HO*, and CO are
Figures %b) and Jc) are the results of the temperature- observed at 0.31, 1.2, and 1.6, respectively. The relative
programed ESDIAD for ¥3Xv3)R30°-CO/Ru(001) o intensity ratio of O to CO" is similar to the TOF spectrum
=0.33ML) and the CO-saturated R01) (6.o=0.68 for CO/Ni(110) measured by a TOF-ESD systémFigure
ML), respectively, in the temperature range from 130 to 5007(b) shows TOF spectra for the CO saturated surface mea-
K. The ESDIAD images of the CO-saturated surface belowsured during stepwise anneali0 K step below 340 K and
200 K are not shown in Fig.(6) because the contribution of 10 K steps above 360)KThe peak height intensities of'O
H* due to adsorbed hydrogen originated from residual gas iand CO™ versus temperature are plotted in Fig. 8 based on
larger than that of O as found by TOF measurements. The Fig. 7(b). It was found that the intensity of Otook a maxi-
images were obtained during annealing the sample at the ratreum at 400 K, corresponding to the ESDIAD images, while
of 0.5 Ki/s. CO" did not show any maximum. It is clear that the cover-
In Fig. 6 the intensity(a) and HWHM (b) of the ES- age effect in the ESD cross section is specific for. @\
DIAD images were plotted as a function of temperature. Inpossible reason for the negligible coverage effect for'CO
the case of the w3 Xv3)R30°-CO/Ru(001) the intensity may be either no enhancement effect for C@ cancellation
monotonously decreased up to 400 K. After 400 K, at whichby neutralization at smaller coverages. The probability for
desorption of CO started, the intensity decreased moraeutralization of desorbing ions by electrons of the substrate
steeply. As to the CO-saturated surface, the intensity wamay increase as the coverage decreases. The effect of neu-
small and almost constant up to 350 K. The intensity startedralization on desorption of Ois less than that on CO
to increase rapidly after 350 K, where CO started to desorllesorptiorf which yields different profiles in the TOF spec-
and took a maximum at 400—430 K, corresponding to thera between O and CO'.
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FIG. 7. (a) TOF spectrum measured forIXv3)R30°-CO/Ru(001) at 100
K. (b) TP-TOF spectra for the CO-saturated surface measured during the

stepwise annealing in the temperature range from 100 to 500 K. A TOFFIG. 9. TP-TOF spectra as a function of temperature for, Kt and ND,
spectrum was obtained after repetition of Ificident electron pulses. (b) on RU00Y). The surface was exposed to 2.0 L of Net ND, at 100 K

Temperature / K

~ TOF measurements were also carried out for the adsory; the second layer ammon(@.5 ML) and a halo pattern for
tion of NH; and ND; on RU002) in order to detect the dif- he monolayer ammoniéelow 0.25 ML) were observed in
ference in mass among isotopic species. Figures &nd agreement with published resufts.

9(b) show TOF spectra as a function of temperature fopNH

and ND; on RU001), respectively, at an exposure of 2.0 L at
100 K. Figures 1) and 1@b) show the yields of H and V. DISCUSSION

D" as a_function of temperature based on Figa) 8nd 9b), The TP-ESDIAD/TOF system developed in this study
respectively. Peaks at 0.31 and 0,44 correspond to H enables the measurement of continuous temperature-

and D". The H' yield is very large below 130 K.and de- ogramed ESDIAD images in real time. This is an advan-
creases up to 180 K, reaching a plateau that vanishes at 3, geous point in comparison with ESDIAD measurements
K'. Thefe l_rpeas;r;melnts |Shc|)weEng:ZtDth's system C‘;’m d'gfter anneal—quench cycles. The present method can detect
cnminate an clearly. In measurements a y.q change in adsorption layers as a fingerprint over a wide
strong and broad pattern centered along the surface norm mperature range with a data acquisition time as short as

that for temperature-programed desorpti6RPD), while

100 - T - - TPD detects desorption products upon annealing. The limi-
~ o, tation of this system is the fact that a mass-resolved ESDIAD
80+ . /\0& image cannot be taken. However, identification of desorbing
» ot . . . .
£ Y ions is possible by independent TOF measurements, result-
3 60t / ing in an appropriate interpretation of ESDIAD images. In
Q ; . :
° I 9 this system real-time ESDIAD measurement has been given
2> 40l (/ \ priority over mass-resolved measurement, which is expected
Z’ o/ 3 to need a longer data acquisition time up to several minutes
9 o-o_ P \ for one image. By using the TP-ESDIAD/TOF system as-
e 20f 0-0-0—9 ~o + <} i i
£ . e Ana ;&AMAA \ pects were found for well-studied adsorption layers, CO/
| e e e B Ru(001) and NH;/Ru(001).
100 200 300 400 _ 500 CO on R00D) has been investigated in detail not only
by ESD and ESDIAD but also by other surface science tech-
Temperature / K niques. CO molecularly adsorbs on(RQ1) with a saturation

FIG. 8. Intensity of O (circles and CO' (triangles versus temperature coverage of 0.68 ME>2® The ordered structures of CO on
based on Fig, (). RU(001) are ¢/3xv3)R30° at 0.33 ML, (23 x 2v3)R30° at
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700 . . . - - - and primary energy of incident electroh$he coveragéex-
600[ R (a) posure dependence of the ESD intensity for CO(B01)
/N was reported by Madéy who showed that the intensity of
« 500 L= 3 desorbing O ions took the maximum at the exposure to CO
§ 400 corresponding to thevB Xv3)R30° structure. This depen-
o dency was interpreted as the change in the bonding of CO
2 300 o H (e.g., out of registry displacements due to lateral interac-
% 200l \ tions). Riedl and Menzel also suggested that the coverage
= I N effect on the ESD intensity was caused by the change in the
100 \:\j binding energy and/or site changes as well as some possible
0 L T T steric hindrance by neighbotsThe result in Fig. 6 can be
100 150 200 250 300 350 400 understood in a similar way. The adsorption site for CO is

the top site in the case of th&JXv3)R30° structure and at
higher coverages there is a small displacement from the top
500 A T T site as well as inclination of the molecular a%?sieading to

Temperature / K

E/:! (b) the change in the electronic state of adsorbed CO, and hence,
400} N yielding the change in the ESD cross section.
@ g :Z: g+ The temperature dependence of the HWIHRg. 6(b)]
§ 300} differs with the CO coverage. The HWHM for the/J
o XVv3)R30° structure increased from 5.5° to 8.5° almost lin-
2200~ early upon annealing, corresponding to the thermal excita-
£ °\ tion of the hindered translation and bending motié@n the
< 100 \g\] other hand, the HWHM for the CO-saturated surface re-
0 \0;33333888333888868~aao55a000 mained constant at about 7.5° up to 400 K and increased a
I L , . . ' little above 400 K. Tilt of the CO axis from the surface
100 150 200 250 300 350 400 normal has been suggested by several gr83p8>*result-

ing in a large HWHM at low temperatures. The constant
HWHM during annealing in Fig. ®) may be caused by the
FIG. 10. (8 Yield of H" as a function of temperature based on Fig. restriction of thermal excitation due to the short distance
9(a). (b) Yields of H" and D" as a function of temperature based on Fig. hetween CO[3.28 A for the saturated surface, which is
9(b)- shorter than 4.69 A in thevf X v3)R30° structurg, or ther-

mal excitation may not be outstanding because of the large
0.58 ML, and a more compressed superstructure at the satstatic disorder in the saturated surface.
ration coveragé’ CO in the ¢/3xXv3)R30° structure is lo- The extent of damage in the surface adlayer caused by
cated at the top site as characterized by LHEDanalysis®®  electron beams during the measurements should be men-
Slight deviation from the top site as well as slight inclination tioned here. The time necessary for temperature-programed
of the C-0O bond from the surface normal at the saturatedESDIAD from 100 to 520 K is 14 min and that for whole
coverage has also been propo$&Recent LEED structural TOF measurements from 100 to 520 K with a step of 10 K is
analysis revealed that experimentalV curves were simu- 45 min. The damage in the CO-saturated layer by the elec-
lated with improvement by assuming an anisotropic distributron beam during the data acquisition time was estimated.
tion of oxygen atoms in w3 Xv3)R30°-CO/Ru(001) and The cross sections for Dand CO" desorption have been
that the molecular axis of the CO molecules is tilted on thereported to be 1-%10 8 cn?.%® Here, assuming that the
average by (123)° at 150 K* The temperature depen- cross section of electron-stimulated processes for the CO-
dence of the carbon and oxygen mean-square deviations waaturated surface is»610 8 cn?, and that the width of the
found to be consistent with the bending mode of the CCQelectron beam is 1 mfthe damages in the adsorption layer
molecule with excitation energy of-51 meV3!Inthe TPD  were estimated to be 2.7% for temperature-programed ES-
spectrum for the CO-saturated ®01) surface there are two DIAD and 0.04% for the TOF measurements, indicating the
CO desorption peaks at 410 K{) and at 470 K §,).2>?®  negligible effect of the electron beam. This small extent of
After the @, desorption the surface changes into th8 ( damage indicates that observed changes are due to thermal
XVv3)R30° structure and ther,-desorption peak originates processes.
from CO adsorbed on the top sites. Madey measured ESD Adsorption of ammonia on R0Q01) is another example
measurements for O and CO including temperature which has been studied in detail by TBBESDIAD,?* and
dependenc& Dependence of the primary energy on theHREELS3® The temperature-dependent change shown in
yield of desorbed ions from CO/R@01) was studied by Figs. 1Ga) and 1@b) corresponds to the change in adsorp-
Feulneret al®? Riedl and Menzel reinvestigated the angulartion layer, i.e., multilayer, second layer, and monolayer
distribution of O" and CO™ using a quadrupole mass spec- ammonia>> The neutralization process for desorbing ions,
trometer and suggested that CO is inclined on the average hwhich reduces the ESD ion yield, is less significant for
5° to the normal in the saturated lay&rThey also studied thicker layers. Chemisorbed ammonia persists on the surface
the influences of surface temperature below 250 K, coverageyp to 350 K3°

Temperature / K
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