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ABSTRACT  

We report velocity and internal state distributions of nitric oxide photodesorbed from an Au(100) 

single crystal using 355 nm and 266 nm photons. The velocity distributions were measured in all 

three dimensions independently using our novel 3D-velocity map imaging setup. Combined with 

the internal energy distributions, we reveal two distinct desorption mechanisms for the 

photodesorption of NO from gold dependent on the photon wavelength. The 355 nm desorption 

is dominated by a non-thermal mechanism due to excitation of an electron from the gold 

substrate to the adsorbed NO; this leads to a super-thermal and noticeably narrow velocity 

distribution, and a rotational state distribution that positively correlates with the velocity 

distribution and can be described by a rotational temperature appreciably above the surface 

temperature. Desorption with 266 nm photons leads to a slower average speed and wider angular 

distribution, and rotational temperatures not too far off the surface temperature. We conclude 

that in the absence of occupied orbitals in the substrate and unoccupied orbitals on the adsorbed 

NO separated by 4.7 eV, corresponding to 266 nm, the shorter wavelength desorption is 

dominated by a thermally-activated mechanism. 

 

 

  



 3 

1. Introduction 

Photon-induced chemical reactions including the desorption of small molecules such as NO, 

CO, or O2 from solid surfaces have been a thriving area of research.1,2,3,4,5,6,7 The aim of such 

investigations is typically to unravel and understand the basic processes that control the 

elementary steps, i.e. the mechanism and dynamics of adsorbate-substrate interactions during the 

desorption process. In this context, nitric oxide desorption from metal surfaces has been 

thoroughly investigated by many research groups using different experimental and theoretical 

methods.8,9,10,11 NO has been the adsorbate of choice for many reasons, one of which being that 

NO is associated with many catalytic reactions in which it interacts with a surface.12 Another 

reason is that NO molecules in the gas phase can easily be detected state-selectively by e.g. 

resonance-enhanced multiphoton ionization (REMPI) or laser-induced fluorescence (LIF) 

spectroscopy. 

Some studies revealed the existence of two specific channels for NO desorption from various 

substrates, namely a thermal and a non-thermal mechanism.13 Thermal desorption is the result of 

complete energy equilibration before desorption occurs. Electronically-excited intermediate 

states are short lived on metal surfaces where relaxation of exited states of adsorbed molecules is 

expected to be extremely rapid, with lifetimes of only a few femtoseconds, hence fast and 

sensitive probes are required to monitor the dynamics of desorption (characterized by 

translational, vibrational and rotational temperatures).14,15 For non-thermal desorption, energy 

equilibration is incomplete at the time of desorption, and the internal and translational energy 

distribution of the desorbing molecule may provide clues regarding the desorption mechanism. 

The energy of the photon causing electronic excitation of the system is partitioned into 

translational and internal (vibrational and rotational) energy, as well as dissipation into the 
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substrate. This partitioning is determined by the potential energy surface and the lifetime of the 

intermediate excited state as described by the Menzel-Gomer-Redhead (MGR)16,17 and 

Antoniewicz18 models. Therefore, measurements of the translational and internal energy 

distribution of the desorbed molecules can shed some light onto the desorption mechanism and 

the energy flow pathways during photodesorption. 

King and co-workers reported thermal and non-thermal mechanisms of the laser-stimulated 

desorption of NO from Pt(111) at 1064, 532 and 355 nm; they deduced that the non-thermal 

desorption is hot carrier initiated due to excitation of the substrate at photon energies in the range 

of 1.17 eV to 3.5 eV,19,20 resulting in desorbed NO molecules exhibiting a non-Boltzmann 

rotational energy distribution. Fukutani et al. concluded that substrate excitation was responsible 

for the laser-induced NO desorption from Pt(001) for photon energies in the range between 3.5 

eV and 6.4 eV;21 the evidence provided was that translational and internal energy distributions 

were independent of the pump laser wavelength. In contrast to the work by King and co-workers, 

the rotational state distribution of desorbed NO from Pt(001) followed a Boltzmann distribution, 

with the two spin-orbit states in equilibrium with very similar rotational temperatures. The 

photon-stimulated desorption of NO from a Pt(111) surface at 80 K was investigated by Chuang 

and co-workers using REMPI spectroscopy.22 Two distinctive desorption channels were 

identified on a non-annealed surface and a surface annealed to 220 K after NO adsorption at 80 

K. The rotational energy distribution was found to follow a Boltzmann distribution for as-

adsorbed Pt(111), and  was non-Boltzmann on the annealed Pt(111) surface, with an inverted 

population of spin-orbit states, in agreement with the results reported by Buntin et al.20 

Richter et al. studied the laser-induced desorption of NO from Si(111) at a surface temperature 

of 100 K ,23 and found the desorption dynamics to be sensitive to the initial coverage with NO. 
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The energy partitioning in the desorbed NO and the dependence of the energy partitioning on the 

desorption laser wavelength suggested that different photoreaction channels are in operation at 

low and high coverage; for low coverage, the resultant energy partitioning in the desorbed NO is 

such that translation and vibration carry most of the photon energy. The kinetic energy 

distributions were found to be non-Maxwellian, while the rotational state populations were 

adequately described by a Boltzmann distribution. 

Mulugetaet et al. reported on the internal energy distributions of desorbed NO obtained by 

REMPI spectroscopy for Ag(111) and for Ag nanoparticles;24 NO molecules were detected with       

hyper-thermal velocities and with vibrational and rotational temperatures significantly higher  

than the sample temperature.  

Recently, a number of groups begun to exploit the advantages of the velocity map imaging 

(VMI) technique - so far predominantly used for gas-phase studies – for surface dynamics 

studies.25,26,27,28,29 We have ourselves previously reported on the use of a combination of time-of-

flight (TOF) and VMI techniques for resolving 3-dimensional velocity distributions of NO 

photodesorbed from a gold single crystal using 355 nm photons.30 NO molecules were found to 

leave the surface preferentially along the surface normal with a very narrow angular and rather 

fast velocity distribution, indicating a non-thermal desorption process. This was attributed to the 

excitation of an electron from a filled p orbital on gold to an unoccupied p orbital on the nitrogen 

(of an adsorbed NO) around 3.5 eV higher in energy, and close in energy to our excitation 

wavelength. In the present paper, we expand this work to include laser excitation with 266 nm 

photons, and add the rotational state distribution for both excitation wavelengths, which allows 

us to compare and analyze results to identify any differences in the mechanism of the 

photodesorption of NO from Au(100). 
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2. Experimental Methods 

The experimental setup was designed to measure the velocity distribution of fragments 

photodesorbed from a surface in three dimensions independently using a combination of TOF 

and VMI methods as described in detail elsewhere.31 In brief, the spectrometer consists of two 

chambers, namely a molecular beam chamber which is only in operation when gas-phase 

calibration experiments are performed, and a UHV chamber that contains the Au(100) single 

crystal and the VMI optics. This chamber is evacuated by a 1000 L s-1 turbomolecular pump 

backed up by a mechanical pump achieving a base pressure of 5 × 10-10 Torr. The Au(100) 

crystal (10 mm diameter, 1.5mm thick, from Surface Preparation Laboratory) equipped with a K-

type thermocouple is attached to a sample mount connected to a 3-axes/rotational manipulator 

which allows for heating and liquid nitrogen cooling. The VMI optics consist of twelve parallel 

plates of 10 cm diameter whose surface normals are aligned along the center axis of the TOF 

spectrometer. Twelve plates were employed in order to increase the volume in which VMI 

conditions prevail.31 Prior to experiments, the gold single crystal is cleaned by heating to 700 K 

and subsequently cooled to ∼178 K. Pure NO gas is introduced into the chamber through a 

molecular beam valve at a background pressure of ∼5 × 10-6 Torr for a few minutes to establish a 

sub-monolayer NO coverage. The valve was then adjusted to yield a background pressure of NO 

of 5 × 10-8 Torr; this suppressed the background signal sufficiently, while allowing the surface to 

be re-dosed continuously during the experiment. Desorption of chemisorbed NO from the 

Au(100) crystal was initiated by a Nd:YAG laser (Quanta Ray DCR-11), which was either 

frequency-tripled (3.5 eV) or quadrupled (4.7 eV) with a pulse duration of 7 ns at a repetition 

rate of 20 Hz, and a pulse energy of ~1.2 mJ. The beam was directed at the NO/Au(100) surface 
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at an angle of 45°. The desorbed NO molecules may fly in all directions within the hemisphere 

above the surface. In order to obtain a complete 3D velocity distribution, the optical detection 

geometry design must ensure that all NO molecules flying off the surface at all possible angles 

are detected. We have done so by creating a small desorption laser spot on the surface (<1 mm in 

diameter), while detecting the NO molecules within a rather large volume in front of the surface 

such that a large fraction of the hemisphere above the surface is covered.25,32 The desorbed NO 

molecules were detected state-selectively by a 1+1 REMPI scheme via the A←X (0,0) transition 

by employing a frequency-doubled Radiant Dyes NarrowScan laser, operating on Coumarin 460, 

pumped by a Continuum Powerlite 8020 Nd:YAG laser.33 The resulting output is frequency-

doubled in a BBO (barium borate) crystal to yield ∼200 μJ pulses at around 226 nm at 20 Hz. A 

cylindrical lens of 28 cm focal length was used to focus the output of the laser system to create a 

laser sheet with an area of ~20×8 mm2 above the center of the surface. The REMPI laser beam 

path was adjusted using linear translation stages to pass in front of the surface with a surface-

laser distance of 3 mm, giving a velocity resolution along the z axis of ~3% (assuming we can 

adjust and reproduce the position to within 100 m, hence d/d ≈ 3%), and allowing us to detect 

all those NO molecules leaving the surface within a solid angle of 5.6 sr. The elaborate design of 

the ion optics (by using twelve plates, resulting in a shallow electric field gradient and weak 

extraction conditions) allows all those NO molecules ionized by the laser to be accelerated under 

true VMI conditions.31 We recorded TOF profiles by varying the time delay between the 

desorption and the probe laser; these profiles were converted into velocity distributions that 

deliver the velocity component along the surface normal (vz) exclusively, i.e. not the overall 

speed of the desorbed molecules. NO+ ions are accelerated down the time-of-flight tube (for 

mass separation) onto the position sensitive multi-channel plate (MCP) detector, gated using a 
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DEI PVX-4140 high voltage pulser in order to discriminate against ions other than NO+. The 

ions’ arrival positions are imaged onto a phosphor screen and captured by a synchronized CCD 

camera (FOculus FO124TB). Custom-written LabVIEW software is used to accumulate and save 

the images, which are subsequently converted to velocity distributions. Since the gold surface 

and the detector are parallel to each other but perpendicular to the TOF axis of the spectrometer, 

the velocity distributions extracted from the VMI images correspond to the remaining two 

velocity components vx and vy parallel to the gold surface, where y is along the propagation 

direction of the REMPI laser, i.e. horizontal in the laboratory frame, and x is the vertical axis, for 

specific values of vz.  

Hence, we are able to record velocity distributions along z (vz) by varying the time delay 

between the desorption and probe laser in discrete steps, and for each time delay, we obtain the 

velocity distributions along x and y from the velocity map images. In order to record rotational 

state distributions, we fixed the delay time between the pump and probe laser to correspond to 

specific velocities of the vz distribution for both 355 nm and 266 nm desorption. The probe laser 

was scanned over an appropriate wavelength range in steps of 0.005 nm to obtain REMPI spectra 

for NO for a given vz. To extract rotational state distributions of the desorbed NO molecules 

only, rotational spectra in the absence of the desorption laser were recorded, and background 

subtraction was carried out. We also applied a relative calibration scheme to avoid any factors 

that influence the sensitivity of different rotational lines to a different degree.34 This was done by 

recording thermal NO spectra which yield a well-known Boltzmann distribution; the intensities 

of each rotational line of these thermal spectra were compared to the Boltzmann population of 

NO at 298 K to extract calibration factors which were used to convert the line intensities of the 

photodesorbed NO to rotational populations. 
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3. Results and Discussion 

  Translational energy 

A time-of-flight (TOF) spectrum of NO following 266 nm photodesorption for a surface-to-

REMPI laser distance of 3 mm is shown in Figure 1(a). The probe laser wavelength was tuned to 

be resonant with the Q1(1) line of the (0,0) transition of NO. These TOF spectra only measure 

the velocity component of the NO molecules along the surface normal and were converted into a 

vz distribution; Figure 1(b) shows the velocity distribution vz of NO molecules as an average of 

three runs; the time delays in Figure 1(a) were chosen to yield equally-spaced velocity intervals; 

a density-to-flux conversion was applied, as was the appropriate Jacobian.35 
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Figure 1. (a) Raw time-of-flight data for NO photodesorbed from Au(100) at 266 nm. (b) 

Normalized vz velocity distribution of photodesorbed NO after density-to-flux conversion of the 

raw data at 266 nm (black circles) and 355 nm (blue circles). A 1D Maxwell-Boltzmann 

distribution at the Au(100) surface temperature (178 K) is provided for comparison (red line).  

The three velocities indicated are those at which the rotational state distributions were measured. 

 

Figure 1(b) shows that the two 1D velocity distributions are shifted to higher velocities as 

compared to a 1D Maxwell-Boltzmann distribution at the surface temperature of 178 K, 
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indicating a non-thermal desorption mechanism for both wavelengths investigated.36,22 The 

355 nm distribution can be described as bi-modal, pointing towards two distinct desorption 

mechanisms, and most interestingly, the velocity distribution for the lower energy 355 nm 

desorption is shifted towards higher velocities compared to the 266 nm desorption. 

We also note (not shown) that the absolute signal intensity is significantly weaker (~40%) for 

266 nm desorption compared to 355 nm desorption for similar laser fluences, which may be 

indicative of one desorption channel not being available during 266 nm desorption. The low 

signal obtained for the 266 nm desorption could also be due to the fact that the photon energy is 

very close to the work function of gold (5.3 eV),37 raising the possibility of ionization of surface 

gold atoms forming a cationic surface, which is more active,38 hence the adsorbed NO will be 

more strongly held onto the surface.  

The two velocity components vx  and vy parallel to the Au(100) surface are extracted from the 

VM images which are recorded at laser delay times corresponding to velocities vz for which 

images were recorded from 120 m s-1 to 760 m s-1 in 20 m s-1 intervals. These raw velocity map 

images, two of which are shown in Figure 2, are recorded in density space and are subsequently 

converted to velocity space. 
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Figure 2. Velocity map images of NO recorded after 266 nm desorption at desorption-REMPI 

laser delay times corresponding to vz = 360 m s-1 (top) and 480 m s-1 (bottom).   

 

Each raw image is composed of 20,000 single images from equally many laser shots. The center 

of these images corresponds to zero velocity in the x and y dimension, even though this center is 

shifted slightly with respect to the center of our CCD camera, an effect that we also observe to 

the same extent in our gas-phase experiments, and is due to the slight misalignment of the ion 

optics. This slight asymmetry obtained in some images has been also reported when using       
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355 nm laser.25 This was suggested to be caused either by a slight misalignment of the ion optics, 

or by the round desorption laser illuminating an ellipsoidal area on the surface (due to its 45° 

angle of incidence), or by the probe laser, which is focused using a cylindrical lens and has a 

Gaussian intensity profile in the direction not affected by the focusing, leading to slightly 

different ionization efficiencies within the probe laser volume. As observed when recording TOF 

profiles, the intensity of the images recorded after 266 nm desorption is weaker than for 355 nm 

desorption. An appropriate convolution of results obtained from the TOF profiles and the VM 

images produces 3-dimensional velocity distributions.  

In order to display the intensity as a function of the velocity in three different dimensions, we 

chose a reduced representation by radially averaging over the two dimensions parallel to the gold 

surface yielding a combined vx/y distribution; the smoothed NO intensity as a function of vx/y and 

vz is shown as a surface plot in Figure 3 for 266 nm and 355 nm desorption. 
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Figure 3. Smoothed surface plot of the NO flux desorbed using (a) 355 nm and (b) 266 nm 

photons as a function of vz (from TOF measurements) and the averaged parallel (to the gold 

surface) vx/y velocity components (from the VM images). 

 

For 355 nm desorption, i.e. at photon energies considerably below the substrate’s work function, 

vz seems to peak at around 380 m s-1 and 550 m s-1 but extends up to ~1000 m s-1, with vx/y 

almost completely vanishing at velocities above 200 m s-1, as seen in Figure 3(a). However, 
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when using 266 nm photons, i.e. energies just below the substrate’s work function, the vz 

velocity distribution seems to plateau between 120 m s-1 and 420 m s-1 followed by a sharp 

decline with vz vanishing at around 800 m s-1, as seen in Figures 3(b) and 1(b), while vx/y extends 

all the way to above 400 m s-1. This faster-but-narrow (355 nm) vs. slower-but-wide (266 nm) 

distribution is another indication that at least two distinct mechanisms may be in operation, and 

is further highlighted below. 

Figure 4 shows the angular distribution for 355 nm and 266 nm desorption as a function of the 

overall speed; the angular distribution at 355 nm is rather narrow, i.e. the NO molecules 

preferentially desorb along the surface normal, while in the case of 266 nm desorption, the 

angular distribution is much wider. 

 

 

 

Figure 4. NO flux as a function of overall speed and angle after (a) 355 nm and (b) 266 nm 

photodesorption. Color scheme from red (most intense) to yellow (zero intensity), the white 

areas indicate speed/angle combinations that could not be recorded. 
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The geometry of our 3D surface VMI setup allows much wider angular distributions to be 

detected than those measured here, up to 53°.  

 

Figure 5 shows the angular distribution of the NO molecules for selected overall speeds for 

266 nm desorption. Also shown are fits of these distributions to cos n θ functions, where a fitting 

parameter of n = 1 is typical for thermal desorption processes. As can be seen from Figure 5, at 

overall speeds of 240 m s-1 or lower, the angular distribution can be fitted resulting in n ≤ 1, 

suggesting that a thermal desorption mechanism may be operating. However, for the higher 

speeds shown here, n is greater than 1, indicating a non-thermal desorption process. Fitting 

parameters for our data of the 355 nm desorption were significantly higher for the same 

respective speeds.30 
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Figure 5. Angular distributions for selected speeds of desorbed NO molecules after 266 nm 

photodesorption, together with fits to a cos n θ function. 

 

Figure 6 shows the overall speed distribution of NO molecules after desorption with 266 nm and 

355 nm photons averaged over all angles, and compares it to a fitted 3D Maxwell-Boltzmann 

distribution at a (surface) temperature of 178 K. The figure shows that the overall speed 

distribution is fairly close to a thermal distribution for 266 nm desorption. This indicates that a 

thermal component at least contributes to the desorption mechanism, if not dominates it. This 

seems to be in agreement with the angular distributions, where a thermal desorption mechanism 

seems to be responsible for the slower NO molecules after 266 nm photodesorption, as indicated 
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by the fitting parameter n ≤ 1. In our previous work, we have shown that NO desorption was 

induced predominantly by a non-thermal desorption mechanism at 355 nm.30 We note that the 

temperature rise during laser irradiation is only ~27 K for 355 nm pulses, i.e. transient surface 

temperatures are ~205 K, but we had also shown that NO still adsorbs to our substrate at those 

temperatures. The temperature jump for 266 nm irradiation is ~20 K (due to slightly lower laser 

fluences), and while the photon energy is higher than at 355 nm, the shorter wavelength photons 

seem to preferentially induce a thermal process. 
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Figure 6. Overall speed distribution of the desorbed NO molecules after 266 nm (black circles) 

and 355 nm (blue circles) desorption, obtained by appropriately combining vz with vx and vy, and 

a Maxwell-Boltzmann distribution corresponding to 178 K in red. 

 

For 266 nm desorption, all the above results indicate that thermal and non-thermal desorption 

mechanisms are operating. This has also been suggested in the case of laser-induced desorption 

of NO molecules from a platinum foil,39and also from a Pt(111) surface,18 and from Ni(100)-O,13 

and from condensed films.40 

 

Internal energy  

A rotationally-resolved (1+1) REMPI spectrum of photodesorbed NO recorded on the                 

A2Σ1/2 ← X2Π3/2 (0,0) transition is shown in Figure 7; spectra were recorded at fixed time delays 

t (i.e. at pre-selected velocities vz along the surface normal) corresponding to the peak(s) in the 

velocity distribution, see Figure 1(b); no vibrationally excited NO molecules were detected. As 

described in the experimental section, spectra of thermal NO were recorded to a) perform 

background subtraction, and b) to apply a relative calibration scheme to extract the rotational 

state distribution of the photodesorbed NO. 
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Figure 7. Typical (1+1) REMPI spectrum of NO desorbed from gold using 355 nm photons at 

time delays corresponding to NO molecules with vz = 380 m s-1. 

 

 To simplify population analysis, we observed isolated lines from single branches, hence 

avoiding overlap, to obtain reliable rotational populations. Transitions originating from N = 4-7 

and N = 7-16 of the O12 and P12 rotational branches of NO were chosen, respectively. After 

weighting the populations by the degeneracy of the lower level, the energies of the rotational 

levels were calculated to yield Boltzmann plots,41,42,43 shown in Figure 8 for various vz velocities 

after 266 nm and 355 nm photodesorption. The contributions from the two spin–orbit states 2X1/2 

and 2X3/2, which are energetically separated by about 124 cm−1,42 result in similar rotational 

temperatures, indicating that rotational and spin–orbit excitations are in equilibrium. Since spin-

orbit states are related to the axis around which rotation occurs, the results indicate that there is 

no preference for tumbling of the NO around a particular axis; this is expected for NO adsorbed 

along the surface normal on a symmetric Au(100) substrate. 
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Figure 8. Rotational populations of NO molecules in v’ = 0 desorbed from Au(100) at 178 K, 

extracted from the O12 (open squares) and P12 (closed triangles) branches; the solid and dotted 

lines are linear best fits to evaluate the rotational temperature. The pump–laser wavelength and 

normal velocity were (a) 355 nm at vz = 380 m s-1, (b) 355 nm at 580 m s-1, and (c) 266 nm at 420 

m s-1.  
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While there is no a priori reason for these nascent rotational state distributions of photodesorbed 

NO to be thermal, we nonetheless fitted the distributions to obtain rotational temperatures, thus 

simplifying comparison between different experimental conditions; the results are summarized in 

Table 1.  

 

Table 1. Rotational temperatures Trot of nascent NO photodesorbed from an Au(100) surface 

using 355 nm and 266 nm photons. 

   Desorption laser wavelength 

355 nm 

 

266 nm 

Rotational Branch vz = 380 m s-1 vz = 580 m s-1 vz = 420 m s-1 

O12 (337 ± 12) K (206 ± 5) K (102 ± 1) K 

P12 (363 ± 4) K (334 ± 4) K (226 ± 5) K 

 

Inspection of Table 1 reveals that the rotational temperatures for both the O12 and P12 branches 

after 355 nm photodesorption are higher than the surface temperature at both vz velocities 

measured, indicating a non-thermal desorption channel for NO. This is in agreement with the 

conclusions from our previous work based on the velocity distributions alone.30 Furthermore, the 

rotational temperature in both O12 and P12 branches after 355 nm desorption is lower for the 

faster component, indicating a positive correlation, i.e. the translational and rotational energy are 

coupled and energy is partitioned during a common single step of the desorption process.  

For the higher energy wavelength of 266 nm, the average rotational temperature of the O12 and 

P12 branches is lower than after 355 nm desorption, and in the case of the O12 branch is even 

lower than the surface temperature. As noted earlier, the average translational energy after 

266 nm desorption is also lower compared to 355 nm desorption. The rotational temperature of 
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the O12 branch (102 K) suggests that rotational cooling may occur during desorption,44 which is 

not unexpected for a thermal process based on the principle of detailed balance; NO molecules 

are likely to adsorb more readily onto a metal surface when they are rotationally cold (as rapidly 

rotating molecules would not spend sufficient time in the favorable head-on orientation for 

adsorption to occur), hence the fraction of NO molecules thermally desorbing from the Au(100) 

surface after the laser-induced temperature jump may also be rotationally cold. This seems to 

agree with conclusions from the previous section, i.e. the presence of potentially two different 

mechanisms, or at least the contribution of a thermal mechanism to the 266 nm desorption. 

Theoretical calculations for very rapid laser-induced-desorption (LID) processes have indicated a 

propensity toward near full translational accommodation in the desorbing molecules but less than 

full rotational accommodation,45 similar to what we observe here. Cold rotational distributions 

are also expected as the NO is adsorbed on the bridge site of the Au(100) crystal along the 

surface normal with the N pointing towards the surface,30 and little torque is hence imparted onto 

the NO during the desorption process. 

The superthermal speed distribution of 355 nm desorption and the positive correlation between 

translational and rotational energy indicate that a non-thermal mechanism is in place; we 

attributed this to an electronic excitation of the surface, and supported it by density functional 

theory calculations, the analysis of which showed that there are filled orbitals on the gold and 

unfilled orbitals on the adsorbed NO ~3.5 eV apart, such that desorption may be mediated by an 

electronic transition from the metal to the adsorbate.30 However, there may also be an underlying 

thermal mechanism in operation due to the heating effect from the 355 nm laser. The weaker 

signal, and the absence of occupied (p orbitals of Au) and unoccupied p orbitals (on N) separated 
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by 4.7 eV according to the density-of-states analysis of our DFT calculations,30 indicates that a 

thermal mechanism may dominate the 266 nm desorption process. 

For both desorption wavelengths, however, equivalent to 3.5 eV and 4.7 eV, we are certain that 

the vast majority of the photon energy goes into the substrate. Only between 0.6 eV and 0.8 eV 

are needed to desorb NO on the most stable bridge site from the Au(100) surface.30 By 1) 

appropriately weighting the rotational state distributions and arriving at an average rotational 

energy of ~0.1 eV, 2) calculating the average translational energy of the desorbed NO 

(~0.04 eV), and 3) assuming an upper limit of vibrationally excited NO of 5% (resulting in an 

average vibrational energy of 0.01 eV), we conclude that more than 90% of the available photon 

energy goes into the substrate, in agreement with previous studies on related systems.24,46  

 

Conclusion 

Photodesorption of NO molecules pre-adsorbed on an Au(100) surface was investigated at 355 

nm and 266 nm. Laser desorption of NO from Au(100) at 355 nm seems to predominantly occur 

through a non-thermal channel, likely involving an electronic excitation. However, when using 

266 nm photons, our results show that a thermal mechanism is operating, which is caused by a 

jump of the surface temperature, the thermal energy associated with this being enough to cause 

desorption of NO molecules. Given the noticeable differences in yields, we believe that a thermal 

channel is also operating during 355 nm desorption, but is overshadowed by the non-thermal 

mechanism, while the thermal mechanism contributes most of the intensity during 266 nm 

desorption. 

We have shown the existence of these two channels for the desorption of NO from Au(100) at 

the two different photon energies of 266 nm and 355 nm using the detailed information available 
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from our 3D-VMI experiments, rather than from TOF measurements alone, and we are confident 

that 3D-VMI from surfaces holds the potential to extract the detailed dynamics of many more 

interesting surface processes. 
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