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We designed an ultrahigh vacuum high-press(oédVHP) reaction system fofin situ sum
frequency generation studies. This system allows for pressure (Tdir—1 atm), and temperature
(150-1100 K dependent investigation of adsorbates on single crystals or polycrystalline foils and
of catalytic reactions. By combining two optical parametric systems, we are able to simultaneously
detect CO and ethylene on(P11) surface. A gas chromatograph is used to monitor the kinetics of
ethylene hydrogenation on(®@i1). © 2001 American Institute of Physics.

[DOI: 10.1063/1.1329902

I. INTRODUCTION Il. UHVHP TRANSFER SYSTEM

Sum frequency generatiofSFG vibrational spectros- Our UHVHP system was composed of a UHV chamber
copy has been proven to be a unique surface ptdbeliows o, sample preparation and characterization and a detachable

the studies of the structure and concentration of adsorbegy_hressure reaction cell. The sample could be transferred

species and their behavior during reactions under high ambBetween the two compartmerf<2 Our reaction cell has the
ent pressure%:® Suchin situ studies provide the vital infor- '

mation about the surface intermediates in the catalytic reagpllowmg special featured1) itis small so that low turnover

tions that is not accessible by other measurements. There isrgacnons COUId, be monitored by a gas chromatogréphit

need to monitor coadsorbed species simultaneously and ¢S @ large window to accommodate SFG measurements

different chemical environments. We describe here the laséyith three noncollinear input laser beani8) It could be

and ultrahigh vacuun{UHV)/high-pressure(HP) systems detached from the UHV chamber and moved to other sys-

that permit such investigation. tems for complementary spectroscopic measurements. With
In our first generation desicit a conventional UHV  separate pumping and gas handling systems, the reaction cell

chamber was used for high-pressure studies. This design sufould be pumped down t0X610° Torr in 5 min after atmo-

fered from several drawbacks: first the reaction volume waspheric pressure experiments.

too large to study low turnover catalytic reactions. Second, Below we describe in detail the individual components

gas phase absorption of the infrared beam became significagt the system.

at high pressure due to long optical path. Third, it took hours

for the system to pump down to base pressure after high-

pressure experiments, which prohibited the postreactiof UHY chamber

studies by the conventional surface science techniques. TO The UHV chamber was a commercial Varian 60 | stain-

overcome these problems, we designed a compact, detadass steel chamber pumped by a 250 I/s ion pump, a titanium

able high-pressure cell as our second generation apparatspiimation pump, and a 360 I/s Lybold turbo molecular

for in situ SFG studies. pump. It was equipped with a cylinder mirror analyzer for

Ir_1 the f(_)llowmg sections, we first describe the UHVHP Auger electron spectroscopy and a quadrapole mass spec-
cell, its designs and novel features. Then the laser system 15 ;
ometer for mass spectroscopy. An ion gun was used for

discussed that provides one visible and two tunable infrared le cleaning b teri G Id be int
beams for simultaneous SFG spectroscopic measurementsf P ¢l€aning by argon sputiering. ases could be Intro-

two spectral regions. The result of experimental studies arduced into the chamber through leak yalves. The sa-mple
shown as examples to illustrate how these systems work. mount was controlled by a sample manipulator with adjust-

able motion inx, y, z, 6, and tilt, and the UHV docking

_ _ ‘mount was attached to the manipulator shaft. Copper braids
dCurrent address: Fritz-Haber-Institut der Max-Planck-Gesellschaft, Chemi- d he UHV docki i .
cal Physics Department, Faradayweg 4-6, D-14195 Berlin, Germany. were connected to the ocking mount for resistive

Electronic mail: somorjai@socrates.berkeley.edu heating and cooling.
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FIG. 2. The UHV docking mountta) The main housing, which is a stain-
less steel cylinder with hole cut in the center to fit the sample mount. A 3/16
in. groove 1 in. long is cut on the inside edge along the long axis of the

B cylinder. The purpose of the grooves is to guide the sample mount through
the locking pin.(b) Four spring-loaded pins, which connect to the sample
mount to transfer power and make thermocouple connectighd.he ce-
ramic disk capping the end of the stainless steel cylinder. The disk has a
center hole to allow only the sample to pass through.

single crystal was spot welded on the back to the stainless
posts.K-type thermocouple wires were spot welded to the
A back of the crystal for the temperature measurement.

C. UHV docking mount and transfer arm

The UHV docking mountFig. 2) was located at the end
FIG. 1. () Stainless steel backing which is a 0.5 in. thick, 1 in. diameter of the sample manipulator and provided electrical and ther-
cylinder with a square hole cut in the back to attach to a standard 0.5 i”mocouple connections to the sample mount. It was composed
ratchet head. A 3/16 in. diameter locking pin that is 1/8 in. long is welded to . - . .
of three main componentgl) a stainless steel cylinder with

the side.(b) A 0.25 in. thick ceramic piece used to separate the power pins .
for resistive heating from the backingc) Another 0.25 in. thick ceramic @ hole cut at the center to fit the sample mount. A long

piece fits over the pins with the long side of the pins sticking through thegroove was cut on the inside wall in order to be able to lock

hole in the middle and short side sticking through the outer through holes. $nd hold the sample mount in plad®) A ceramic Macor

is th le. . .

15 fhe sample disk capped the end of the cylinder. It had a center hole to
allow only the sample to pass througtB) Four spring

B. Sample mount loaded pins connected to the sample mount to transfer power

The sample mount was composed of a stainless ste@ind make thermocouple connections. The sample mount

backing, two ceramic pieces, two L-shaped copper posts, tw ould'be transferred bet_ween the UHV docking mount and
stainless steel posts, and two L-shafetype thermocouples the high-pressure reaction cell by a magnetically coupled
assembled as shown in Fig. 1. The stainless steel backirE]anSfer arm.

was a 0.5 in. thick, 1 in. diameter cylinder with a square hole

cut in the back to attach to a standard 0.5 in. ratchet hea
The first ceramic piece was used to separate the power pi
for resistive heating from the backing, in essence acting as an The high-pressure cell was a 600 ml stainless steel cell
electrobreak. The ceramic piece was a 0.25 in. thick Macoelectroplated with gold to reduce reactivityig. 3). The cell

disk which was held to the steel backing. Four L-shaped pinsvas connected to the UHV chamber through a gate valve.
were placed on top of the Macor electrobreak. Two of theTwo 2 in. Cak windows on the cell allowed input and out-
L-shaped pins were made of Glid-Cépopper doped with put of both infrared and visible beams. The sample transfer
1.5% alumna for hardness at high temperatui@selectrical arm was connected to the docking mount in the cell which
and thermal conduction and the other two pins were for typavas similar to the UHV docking mount. The transferred
K thermocouple connections. Four L-shaped pins were setample was made to situate close to the windows so that IR
90° to each other with the Glid-Cop pins set 180° apart. Thebsorption in high-pressure gas would be minimized. One
long side of the L-shaped pins were placed near the centeyate valve was sufficient to seal the reaction cell from the
with the short end near the edge of the Macor disk. The topJHV chamber. However, if the cell were to detach from the
ceramic piece was machined to inset the thin rectangl®HV chamber then two gate valves would be necessary.
bridge so that the top and bottom ceramic pieces could sit Three valves were attached to the cell for gas input,
flush with each other. The top ceramic piece was held to theecirculation, and pumping. A gas manifold system was used
stainless backing by four screws. The two stainless pins wer introduce high-pressure gases into the cell and for evacu-
the platform to which the sample was attached. ALP1) ation. A gas chromatograph was connected to the recircula-

%s‘ High-pressure reaction cell
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FIG. 3. The high pressure cell. It is electroplated with gold to reduce the 0.2 .'
tivity. S: le, W: CaFwindow, G: gate valve, P: popit valve. l *
reactivity sample aRwindow, gate valve popit valve e....‘“uf ..F .
. . 0.0 +— r y A e N
tion loop for gas analysis. A turbomolecular pump was em- 1900 1950 2000 2050 2100 2150 2200
ployed to evacuate the cell to UHV pressures prior to its Wavenumber (cm”)
connection to the UHV chamber. (@)
I1l. LASER AND DETECTION SYSTEM 087
The laser system was similar to the previous deSign. ]
order to perform 2-IR 1-Visible SFG, two separately tunable ,rp’o’"’;‘o’ o
.. [ J.
IR sources plus a visiblé&532 nm) beam were produced us- _r * .o
06

ing a mode-locked picosecond pulsed YAG laser system.
Infrared in the 5—8um range was generated by a combina-
tion of optical parametric generatig®@PG and optical para-
metric amplification(OPA) in two BBO crystals and then
different frequency generation in a AgGa&ystal. Infrared

in the 2—4 um range was generated by OPG/OPA in two
LiINbO; crystals. The 532 nm beam was generated by fre-
guency doubling the YAG fundamental in a LBO crystal. Six
rotational stepper motoréNewpor) were used to tune the
nonlinear crystals and grating. A Labview progréxational 0.2

Instrument$ was designed to control all the stepper motors Py
as well as to collect the SFG data and the reference IR in- | s
tensity. For SFG measurement, the green and the two infra- ® . B gt VPR
red beams were afl polarized and their pulse energies at the o0 —v/ ol

surface were 25Q@uJ for the green, 10QuJ for the 2—4um : — T T T T T 1

range, and 8QuJ for the 5—-8um range. And their incident 2750 2300 2850 2900 29io 3000 3080
angles on the samples were 55°, 50°, 60°, respectively. The wavenumber (cm )

) . (b)

infrared beams reflected from the entrance window and the

sample were used to normalize the SFG intensity. Since tweIG. 4. (a) The SFG spectra of CO adsorbed orf1Rt) surface that has

SFG output beams were created in the experiment, two sepBgen predosed with 10 L of ethylene at CO pressur@ol0 L of CO, (b)
. . " Torr of CO, (c) 400 Torr of CO.(b) The SFG spectra of ethylidyne
rate detection systems were needed. Each detection SySt%rSAduced by 10 L exposure of ethylene orflRt) surface at various CO

consisted of a 532 nm notch filter, an interference filter, yessuresta) 10 L of CO, (b) 10-7 Torr of CO, (c) 400 Torr of CO.
polarizer, a monochromator, and a photomultiplier tube.

Wavelength calibration for the IR laser beams was done us-

ing polystyrene for the C—H stretch region and gas phase c8t11D crystal[Figs. 4a) and 4b)]. Separate studies of CO
and CQ for the CO stretch region. and ethylene on Pt11) have been done extensively by tra-

ditional surface science techniques and $P&®However,
coadsorption studies have been largely limited to UHV and
linear spectroscopy.

To demonstrate the utility of the optical system, we re- A Pt(111) crystal was cleaned by cycles of 12 min argon
port here simultaneous measurements of sum frequency Véputtering (310 ° Torr Ar pressure, 1000 V, and 20 mA
brational spectrum of CO and ethylene coadsorbed on emission currentand heating in oxygen (810 ' Torr O,

‘mwxo" c
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IV. EXPERIMENTAL RESULTS

Downloaded 27 Mar 2001 to 199.98.105.63. Redistribution subject to AIP copyright, see http://ojps.aip.org/rsio/rsicr.jsp



Rev. Sci. Instrum., Vol. 72, No. 3, March 2001

Intensity (4.0

A
W\/\ M [T
v VWO 200 3 400 5

Carbon

Energy (ov)

Intensity (AU)

Energy {ev)

Reaction system 1809

FIG. 5. (@) Auger spectrum of the carbon-covered
Pt(112) crystal,(b) Auger spectrum of the clean(®1.1)
crystal, (c) ethane accumulation as a result of ethylene
hydrogenation on the carbon covered1Rf) crystal
surface, andd) ethane accumulation as a result of eth-
ylene hydrogenation on the clean(Pt1) crystal sur-
face.

Percent Ethane

1123 K) in the UHV chamber. As the last step of cleaning Torr hydrogen, and 650 Torr helium at room temperature,
following the oxygen treatment, the sample was annealed fathe ethylene was completely hydrogenated after 70 min.

2 min at 2x10 °Torr and 1133 K to form a clean and Through the combination of a UHVHP reaction system
well-ordered surface. Auger electron spectroscopy was useahd a two OPA/OPG laser system, we are now able to mea-
to check the surface cleanness. Following the annealing stegure simultaneously the SFG vibrational spectra of two dif-
and cooling to room temperature, the sample was exposed ferent surface species in an environment ranging from UHV
10 L of ethylene and then 10 L of CO at 400 and 300 K,to high pressures. Together with reaction data collected by
respectively. In Figs. @ and 4b), the simultaneous SFG gas chromatography, this will allow detailed studies of the
spectrum of CO and ethylene at room temperature areole of catalytic promoters and inhibitors and possible exis-
shown. The CO peak appears shifted to 2020 from 209%ence of reaction intermediate species.

cm 1 for CO absorbed on Pt11) at the atop sites. The eth-

ylene adsorbs as ethylidyne on the surface with its vibraACKNOWLEDGMENTS
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