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Generation and detection of a monolayer grating by laser
desorption and second-harmonic generation: CO on Ni(111)
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We show that a monolayer grating of CO on Ni(111) can be generated by laser desorption using two interfering laser
pulses and detected and characterized in situ by surface second-harmonic generation.

Laser-induced dynamic gratings have found many important applications in modern science and technology.' They range from phase conjugation for realtime image reconstruction to material studies. In the
latter case, monitoring of the time-dependent relaxation of the dynamic gratings in a medium allows us to
deduce useful information on the dynamic properties
that govern the diffusion of particles, energy, and even
phases of coherent excitations in the medium. So far,
research in this area has been heavily concentrated on
bulk samples. It may seem obvious that the same
scheme should be applicable to surfaces or interfaces
to yield similar information on surface dynamic prop-

ultrahigh-vacuum chamber with an operating pressure of 0.8 X 10-10 Torr.

It was mounted vertically

with one of its (110) axes oriented 300 off the horizontal plane.

Ar+ sputtering at a beam voltage of 500 V

with subsequent annealing in slow coolingwas used to
prepare a clean, well-defined surface. This was manifested by the negligible impurity traces in Auger spec-

troscopy and the sharp (1 X 1) low-energy electrondiffraction pattern. A Chromel-Alumel thermocouple welded to the sample was used to monitor the
sample temperature.
For the generation of a CO monolayer grating on the
Ni(111) sample, we first cooled the sample to 140 K

However, a surface grating one or several

and then covered its surface with a saturation coverage

of small molecules. Diffraction of a probe beam by
such a grating is easily masked by scattering of the

grating, using the technique of laser desorption by
overlapping two 1.06-Mmlaser beams on the sample.
Both beams derived from the same Q-switched

erties.

monolayers thick is often difficult to monitor. This is
particularly true for gratings composed of monolayers
beam from the bulk.

Recently optical second-harmonic generation

(SHG) has been demonstrated to be highly surface

specific. 2 It can therefore be an ideal method to probe

surface monolayer gratings. Indeed, the multiorder
diffraction of SHG from a dye monolayer grating can
be easily observed. 3 Actually, monolayer gratings
composed of large organic molecules can even be de-

of 0 = 0s = 0.5.

We then produced the monolayer

Nd:YAG laser had a TEMoo mode and a 16-nsec pulse

width (FWHM). They were incident in the horizontal
plane with incident angles 0 = ±1.50 on the sample, as
shown in Fig. 1. The beam profiles on the 2sample
2
+ y )/
surface were given by Ii(x, y) = Ii(O, O)exp[-(x
2
ro ] (i = 1, 2) with ro = 3.8 mm, where x is taken as the
horizontal axis on the surface. We adjusted I, and I2

tected by linear optical diffraction.4 For studies of
surface diffusions and reactions, however, one is often
more interested

in small molecules, such as CO, on

well-defined surfaces in ultrahigh vacuum. Production and detection of a monolayer grating of such systems are understandably much more difficult. Here
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we report the first study to our knowledge of controlled generation of monolayer gratings of CO on

A= 0.532,um

Excitation Beams
0 = ± 1.5°

observation of how a grating

disappears allows us to deduce the surface diffusion
constant for the adsorbed molecules. This is reported

X= 1.064zm

elsewhere. 5

Fig. 1.

cm in diameter and 1.5 mm thick was situated in an

CO on Ni(111) in ultrahigh vacuum.

In our experiment, a 99.998%pure Ni(111) sample 1
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Ni(111) by laser-induced desorption and the subsequent detection of the gratings by SHG. Surface diffusion of molecules will smear out the monolayer gratings. Time-dependent
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mm at the e-1 point, and the maximum beam fluence

1.0

E

was limited to 30 mJ/cm 2 . As indicated in Fig. 1,

diffraction of SHG up to the fourth order from the CO
monolayer grating could be detected. The specularly
reflected SHG, which corresponds to the zeroth-order
diffraction, had a signal strength of -160 photons/
pulse. It measured the average surface coverage of
CO after the laser desorption. The nth-order diffractions of SHG with n = 1-4 appeared at AO= 2.220,
4.240, 6.100,7.840, respectively, off the specular reflection direction, as expected from the phase-matching
condition
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Fig. 2. Calculated groove structure of the monolayer grating at various distances r from the center of the desorption
beam: (a) r/ro = 0; (b) r/ro = 0.1; (c) r/ro = 0.3; (d) r/ro = 0.3;
(e) r/ro = 0.4; (f) riro = 0.5. Here, ro is the e-1 radius of the

Gaussian desorbing beam.

-

nAk.

(3)

The observed intensities of the diffracted SHG of
various orders, relative to that of the specularly reflected SHG, are presented in Fig. 3. They can be
compared with the theoretical calculation of SHG diffracted from the CO monolayer grating with the deduced structural profile O(x,y) mentioned above. It is
known that the surface nonlinear polarization p5 (2)
(2w), which in our case with CO on Ni(111) and both

such that the laser intensity profile on the surface had
the interference pattern

I(x, y)

=

I(1

+ 0.55 cosAkilx)exp[-(x2 + y 2 )/r0 2 ],
(1)

where f Iodt = 0.26 J/cm , Ak
1 I = (4-7r/X)sinX, and X =
1.064Aim. From our earlier research on laser desorption of CO from Ni(111),6 we know that at the center of
the beam the CO desorption reached 90%at the interference maxima and less than 1% at the minima.
Thus a CO monolayer grating with a grating spacing of

input and output P polarized, can be written as2
2
Pj2 (2w) = (a + f0O)EP
(w),

where a and

CO monolayer grating remains essentially unchanged
even after many hours.5
More quantitatively, knowing I(x, y) and how the

constants.

One can then easily see

that the zeroth-order SHG has a signal strength

2

27r/Ak
With the sample at 140
11 = 20 ,um was formed.
K, surface diffusion of CO on Ni(111) is slow, so that a

A are

(4)

SO
= f(A + BO0o)

2

IP2 dxdy,

(5)

and the mth-order diffracted SHG has a signal
strength
Sm = f(BOm)2Ip2dxdy,

(6)

where A and B are constants and Ip(x, y) is the probe
beam intensity on the sample surface. From the measurement of the adsorption dynamics of CO on

local CO surface coverage on Ni(111) should depend

on the local laser desorption energy from our previous
experiments,6 we can find the spatial variation of the
CO coverage O(x, y) after the desorption by

SZ_'_
I(x,

y)dt. It has a grating structure with the groove profile
slowly varying with x and y, deeper and broader in the
center and shallower toward the edge of the desorbing
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beam spot. This is shown along the x direction in Fig.

2. In terms of a Fourier series, we can write
O(x, y) = 6O(x,y) +

E

Om(x,y)cos(m7rx/a),

0.6(2)

)0.4

m=1

where 2a is the grating spacing and 00 and Omare
deduced from the known grating profile.
After the grating was formed, we probed the grating,
using the surface SHG technique. The probe beam
was at 0.532 Aim,obtained from frequency doubling of
the same laser used for desorption. It impinged upon
the sample with an incident angle of 71.40 and practically covered the whole grating in the x direction. The
beam profile was Gaussian, with a beam radius of 1.16
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Fig. 3. Measured (unshaded) and calculated (shaded)
square roots of various orders diffraction from the monolayer grating of CO on Ni(111).
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Ni(111) using SHG similar to those in Ref. 2, we ob-
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the possibility of using laser desorption to produce,
and SHG to detect, a monolayer grating of CO on Ni in

ultrahigh vacuum. Probing the time variation of such
a grating can yield important

information on the dy-

namics of molecular adsorbates.
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