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Abstract 

Experiments are reported which demonstrate that Na dimers can be desorbed in a non-thermal reaction if rough Na surfaces are 
irradiated with pulsed laser light of 3, = 355 nm at low laser fluences. This follows from the kinetic-energy distributions of the dimers, 
which were determined by time-of-flight measurements using a second laser at 1= 248 nm for photoionization. The rate of desorbed 
dimers can even surmount the rate of detached atoms. Obviously, the dimers constitute highly stable sub-units of the surface which 
can be released without breaking into individual atoms. 
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1. Introduction 

Whereas laser-induced desorption of molecules 
has been studied in great detail in the past, only a 
few studies dealt with laser-stimulated desorption 
of metal or semiconductor aggregates which con- 
tain two or more atoms [l-4]. For example, 
Brewer et al. [l] studied nanosecond and femtosec- 
ond UV laser ablation of CdTe( 100) surfaces. They 
used angularly resolved time-of-flight measure- 
ments to probe the velocity and angular distribu- 
tions of desorbing Cd atoms as well as Te, 
molecules, and found that the time-of-flight distri- 
butions of both ejected products could be described 
by Maxwellians. G&z et al. [3] investigated the 
mechanisms of laser-induced desorption of Na 
atoms and Na dimers from rough Na surfaces. The 
results showed that for a laser wavelength of /2= 
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355 nm and fluences above 40 mJ cm-‘, desorp- 
tion of Na dimers takes place. With increasing 
laser fluence, the fraction of detached Na dimers 
as compared to Na atoms increases. The experi- 
mentally observed energy distributions suggested 
that the dimers were directly desorbed from the 
surface in a thermal process, and not formed by 
gas-phase collisions of desorbed atoms [3]. As a 
continuation of this work, the present paper reports 
studies of Na dimer desorption at low laser 
fluences. The objective was first to clarify in these 
and in future experiments under which conditions 
clusters X, (with n22) can be desorbed with laser 
light in a non-thermal process, and secondly to 
elucidate the underlying mechanism. 

To stimulate desorption with laser radiation, 
electronic excitation at the surface has to be accom- 
plished as the first step. It is usually followed by 
rapid relaxation and generation of heat causing 
thermal bond-breaking. Under certain conditions, 
however, the electron-phonon coupling can be 
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reduced in strength, making non-thermal desorp- 
tion possible (see, e.g., Ref. [S]) of atomic species 
[6-91 as a direct result of repulsive electronic 
excitation. Further, it turns out that desorption 
along these lines takes place preferentially from 
defects of the surface, i.e. from sites with particu- 
larly low coordination numbers [ 5,101. Therefore, 
in order to study the desorption of clusters, it 
seems desirable to use surfaces with the largest 
possible number of such sites. For this purpose, 
surfaces with large roughness have been prepared 
here by the deposition of metal atoms on dielectric 
substrates held at low temperature. As in earlier 
work on atom desorption [ 111, sodium adsorbed 
on quartz served as a model system. Initially, the 
deposited atoms form small particles with the 
substrate defects acting as nucleation centers [ 121. 
If deposition is continued, the clusters finally grow 
together, generating a film. 

2. Experimental 

The experimental arrangement has been 
described in detail elsewhere [3] and basically 
consists of an ultrahigh vacuum system with the 
sample, two lasers for stimulating desorption and 
photoionizing the desorption products, and a 
time-of-flight mass spectrometer. A thermal atomic 
beam of Na atoms with a well-defined constant 
flux is directed onto the quartz substrate in order 
to deposit a predetermined coverage of atoms onto 
the surface held at 80 K. The experiments reported 
here were carried out at low coverage, and in 
addition at low laser fluence to keep the desorption 
rate small, and to avoid gas-phase collisions of the 
desorbed species and thus measure their genuine 
kinetic-energy distribution. After preparation the 
sample was irradiated with the light of a Nd:YAG 
laser at ,?, = 355 nm in order to stimulate desorp- 
tion. The angle of incidence was 50” with respect 
to the surface normal, and the pulse duration was 
about 7 ns at a repetition rate of 10 Hz. At a 
distance of 21 mm in front of the substrate, the 
species detached from the cluster surface are ion- 
ized with the light of an excimer laser operating at 
A=248 nm. The corresponding photon energy lies 
only a little above the ionization threshold of 
Na,. Therefore, if compared to earlier work with 

il= 193 nm, where strong fragmentation of the 
Na-dimers was observed [3], “soft” ionization of 
the desorbed dimers is accomplished and there is 
only very little dissociation into atoms. The gener- 
ated ions pass the time-of-flight mass spectrometer 
and are finally detected with a secondary electron 
multiplier. The ion signal is processed with a boxcar 
integrator and stored in a computer. By varying the 
delay time between the two @er pulses used for 
desorption and ionization, the^time-of-flight distri- 
butions of the desorbed Na-dimers were determined 
and then converted into flux distributions as a 
function of translational energy [ 131. 

3. Results and discussion 

As an example, Fig. 1 shows kinetic-energy dis- 
tributions obtained by desorbing dimers with 
laser light of A= 355 nm and a total coverage of 
7.2 x 1014 atoms cm-’ 
age particle size of R,:, 

corresponding to an aver- 
= 7 nm. The fluence of the 

Nd:YAG laser was increased first from @ = 
3 mJ cme2 (Fig. la) to a value of CD =5 mJ cmP2 
(Fig. lb). In both cases the kinetic-energy distribu- 
tion shows a maximum. In contrast, the distribu- 
tions change drastically at larger fluences of, for 
example, @ =9 mJ cmm2 (Fig. lc). It no longer 
exhibits a maximum, but falls off monotonously, 
with dimers of very low kinetic energy contributing 
substantially to the signal. This distribution can 
be fitted by an exponential (const. exp(-E,,/kT)), 
represented by the dashed line in Fig. lc), indicat- 
ing that thermal bond-breaking is responsible for 
desorption. Laser-induced thermal desorption of 
Na dimers is also observed if sodium surfaces are 
irradiated by light of 1= 532 nm [ 141. 

In further measurements the total coverage and 
the laser fluence were varied systematically. At low 
laser fluences, a maximum is observed for all kinetic- 
energy distributions of the desorbed dimers. The 
data are compiled in Fig. 2, which shows the posi- 
tions of the maxima of the distributions for five 
values of the laser fluence and four different cover- 
ages. The most essential result is that the positions 
of these maxima at Eti = 0.06( 1) eV are identical 
within the experimental error of 0.01 eV, and depend 
neither on particle size nor on laser fluence. 
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Fig. 1. Kinetic-energy distributions normalized to the maxi- 
mum rate of Na dimers desorbed at A=355 nm and a total 
coverage of 7.2 x lOI4 atoms cn-’ (R,, = 7 nm) with fluences 
of (a) 3, (b) 5 and (c) 9mJcm-a. The wavelength of the 
ionization laser was set to A=248 nm. 
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Fig. 2. Positions of the maxima of the kinetic-energy distribu- 
tions of Na dimers desorbed with laser light of 1= 355 nm. The 
laser fluence was varied between 1 and 8 mJ cm-z, and the 
average particle size ranged from 7 to 15 mn. 

Fig. 3 shows the integral desorption rate obtained 
with ;1= 355 nm as a function of laser fluence for 
the fixed coverage of 3.6 x 1015 atoms cm-’ (Rave= 
15 nm). At low values, the integral desorption rate 
is linearly dependent on the laser fluence. Above 
approximately @ = 7 k 1 mJ cmw2, however, it 
grows exponentially. At the same time, the shape of 
the kinetic-energy distribution changes from a curve 
exhibiting a maximum to an exponential de<rease 
(see Figs. lb and lc). 

We note that desorption of sodium dimers (Na,) 
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Fig. 3. Integral desorption rate of Na dimers desorbed with a 
laser wavelength of A=355 nm as a function of laser fluence. 
The coverage was 3.6 x lo-l5 atoms cm’ (R,= 12 mn). The 
fluence was varied between 1 and 10 mJ mn2. 
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is readily detectable for small laser fluences. At 
fluences lower than di = 7 + 1 mJ cn-‘, it obviously 
occurs as a non-thermal reaction. This is supported 
by the shape of the kinetic-energy distributions of 
the detected dimers, the linear fluence dependence 
and by the constant value of the most likely kinetic 
energy of E,=O.O6( 1) eV. This value turns out to 
be independent of coverage (i.e. particle size), and, 
as mentioned above, of the light intensity. 
Furthermore, the Na particles only experience a 
moderate temperature rise under the conditions 
quoted above [ 51. Also, the transition from non- 
thermal to thermal desorption as a function of 
increasing laser fluence can be identified. It is 
reflected in the appearance of exponential kinetic- 
energy distributions which gradually replace the 
curves exhibiting a maximum (Fig. l), and in the 
simultaneous transition from a linear to an exponen- 
tial dependence of the integral desorption rate 
(Fig. 3). This agrees very well with the results of 
earlier work, which showed thermal desorption of 
sodium dimers for high laser fluences [3]. 

The results reported here indicate that the dimers 
are desorbed directly from the surface, and are not 
formed by gas-phase collisions of the desorbing 
atoms. The following two arguments support this 
conclusion. In order to form the dimers by gas- 
phase collisions in front of the surface, three-body 
collisions would be required. They occur, however, 
with sufficient probability only at a large sodium 
vapour pressure which cannot be produced by the 
low laser fluences used in this experiment. In 
addition, three-body collisions would cause pro- 
nounced thermalization of the kinetic-energy distri- 
butions of the sodium dimers and atoms [ 151, in 
strong contrast to the observed energy distribu- 
tions of the Na dimers reported in the present 
paper and of Na atoms published elsewhere [ 111. 

The large ratio of the desorption rates of dimers 
and atoms (3-4) indicates that the, dimers obvi- 
ously constitute highly stable sub-units of the metal 
surface which can be released in a photochemical 
reaction without breaking into individual atoms. 
This seems to imply that the dimers are oriented 
on the surface in such a way that the axis connect- 
ing the two Na atoms is not parallel to the 
substrate surface, but rather points in the direction 
of the surface normal. The repulsive electronic 
excitation preceeding desorption must then be 

localized in the region between the dimer and the 
remaining substrate atoms. 

In future experiments, the non-thermal reaction 
as well as the interplay between thermal and non- 
thermal bond-breaking will be studied in more 
detail. For example, the angular distribution of the 
desorbed atoms and dimers should give further 
information on the desorption mechanism. A very 
interesting question is also whether or not desorp- 
tion of aggregates X, with n > 2 can be stimulated. 
In order to address this problem, use of longer 
ionization wavelengths is essential to prevent 
photofragmentation of the larger aggregates [ 161. 
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