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The one-laser two-color resonance enhanced multiphoton ionization REMPI [(1 +1’) + 1] and velocity
map imaging have been applied to investigate formation of molecular oxygen in excited singlet
0y(a'A,) and ground 02(X32;) states in the photodissociation of van der Waals complex isoprene-
oxygen CsHg-O,. These molecules were found to appear in the different rotational states with transla-

tional energy varied from a value as low as ~1 meV to a distribution with temperature of about 940 K.
The observed traces of electron recoil in the images of photoions reveal participation of several ionization
pathways of the resonantly excited intermediate states of O,.

© 2017 Published by Elsevier B.V.

1. Introduction

This paper is devoted to the direct REMPI detection of the sin-
glet oxygen arising in the photodissociation of the van der Waals
complex of isoprene with oxygen.

Van der Waals (vdW) complex of oxygen X-O, is a very suitable
model system for the study of the nature of the dramatic influence
of the weakly bound environment on the photoinduced processes
in oxygen [1-10]. In the cited works the pumping of the electronic
excited states of X-0, was provided by laser radiation directly [1-
8] or by the photodetachment of an electron from the anion X-O3
[9,10]. For investigation of the photoprocesses in these complexes
the time-of-flight mass-spectrometry [1-3] and velocity map
imaging [4-8] as well as photoelectron imaging [9,10] were
applied. The results obtained with these weakly bound complexes
reveal the dramatic enhancement of O, UV-photodissociation yield
[1-6] and the appearance of the new channels of O, conversion [5-
8] as compared with the case of the unbound molecular oxygen.
Two of the new channels are assigned to be due to the photogen-
eration of excited oxygen in the singlet a'A, [6-8] and blzg+ [5]
states. Data on the singlet oxygen O, formation in photodissocia-
tion of vdW complexes X-O, are interpreted in terms of double
spin-flip (DSF) transition with the simultaneous change of the elec-
tronic spin of partner molecules [6-8]
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1X =30, + hv — 3X + 10, (1)

The formation of singlet oxygen was concluded on the basis of
the data of velocity map imaging (VMI) of oxygen 0(3Pj) atoms
appearing after UV photoexcitation of complexes X-0,. Among
the revealed channels differing by the kinetic energy and the angu-
lar anisotropy of the O(3Pj) atoms’ recoil directions there was a
channel with the kinetic energy of O atoms equal to about 0.7
eV. This energy corresponds to the kinetic energy of O(3Pj) atoms
arising in the photodissociation of singlet oxygen O,(a'Ag) by the
same laser pulse via the process

02('Ag) + hv — 20(3P;) (2)

This assignment is confirmed by the results recently published
by Farook et al. [11] who studied the photodissociation of singlet
oxygen with velocity map imaging. In that work singlet oxygen
0,('Ag) was generated in a pulsed discharge. The images of the
photofragment O(®P;) atoms were found to be similar to those
observed earlier [5,6] in the photodissociation of complexes X-
0. In order to test this assignment the direct detection of singlet
molecular oxygen is also desirable. The method appropriate for
the detection of singlet molecular oxygen in the conditions of
molecular beam is the resonance enhanced multiphoton ionization
(REMPI). REMPI spectra of singlet oxygen O,('Ag) were obtained by
Johnson et al. [12] and Morrill et al. [13]. Johnson et al. generated
singlet oxygen with the microwave discharge in O,. They observed
several REMPI bands in the wavelength region 305-350 nm
with resolved rotational structure which correspond to the


http://crossmark.crossref.org/dialog/?doi=10.1016/j.cplett.2017.12.050&domain=pdf
https://doi.org/10.1016/j.cplett.2017.12.050
mailto:baklanov@kinetics.nsc.ru
https://doi.org/10.1016/j.cplett.2017.12.050
http://www.sciencedirect.com/science/journal/00092614
http://www.elsevier.com/locate/cplett

272 A.S. Bogomolov et al./Chemical Physics Letters 692 (2018) 271-276

two-photon transitions starting from O,(A, V" = 0) state. Morrill
et al. investigated REMPI (2 + 1) spectra of 02(1Ag) with the use
of UV-radiation in wavelength region of 310-360 nm [13]. In paper
[13] the singlet oxygen 02(1Ag) was generated via the photodisso-

ciation of ozone. Morrill et al. observed eight bands of d' I, — a'A,
transition and provided the detailed characterizations of the rota-
tional structure of the bands corresponding to the transitions into

the five lowest vibrational states (v = 0-4) of the d" I, state [13].

In the scheme of O5('A,) REMPI (2 + 1) detection used by Mor-
rill et al. the laser radiation in the wavelength region longer than
300 nm is used. The most investigated system X-O, where the pho-
togeneration of 02(1Ag) was established is the van der Waals com-
plex of isoprene-oxygen CsHg-O,. The formation of O('Ag) from
this complex was observed in the photoexcitation region 225-
260 nm with the maximum of the yield taking place at the shortest
wavelengths [6]. So REMPI detection of O,('A,) arising from com-
plex CsHg-O, with the use of the (2 + 1) scheme by Morrill et al.
[13] can be realized only in a two-laser experiment. But the pho-
toexcitation at a wavelength near 225 nm with REMPI detection
of 05('A,) in a one-laser experiment can be provided with REMPI
[(1+1')+1] scheme used in our recent work detection of the
iodine atoms I(ZPJ-) [8]. For that we used the radiation of two colors
provided by the visible fundamental of pulsed dye laser (hv) and
UV-radiation of its second harmonic (2hv). This REMPI scheme is
shown in Section 3.1 (see Fig. 2). The UV-radiation used in this
scheme is applied for the short-wavelength excitation of complex
isoprene-oxygen CsHg-0,.

In the current work the results of REMPI and VMI probing of
molecular oxygen in singlet and triplet states arising from the
UV-photodissociation of van der Waals complex isoprene-oxygen
CsHg-0, are presented.

2. Experimental

The experiments were performed in a vacuum chamber
equipped with velocity map imaging setup similar to that one of
Eppink and Parker [14]. The van der Waals (vdW) complexes of
isoprene with oxygen CsHg-O, have been generated in a super-
sonic molecular beam. The beam was created with the home-
made electrodynamic pulsed valve mounted in the on-axis config-
uration by the opening of 0.3 mm nozzle for about 250 ps. In
experiments with complexes CsHg-O, or oxygen itself the valve
was filled with a gas mixture of CsHg(0.5%) + 0,(5%) + He(balance)
or 0,(5%) + He(balance) at a backing pressure 5 bar. After super-
sonic expansion into the vacuum chamber, the beam was skimmed
by a 2mm skimmer and introduced into the photoexcitation
region by passing through the 8 mm diameter hole in a repeller
electrode. A laser beam crossed the molecular beam at a right
angle. The two-color laser beam has been generated as a funda-
mental of pulsed dye laser (Coumarine 47, spectral range 450-
470 nm, FWHM = 0.01 nm, 10 m] per pulse) and its second har-
monic (1 mJ). The dye laser is pumped by the third harmonic of
Nd:YAG laser (355 nm, 120 mJ, 7 ns). The dye laser wavelength
was measured by a wavelength meter WS-6 (Angstrom Co). Both
the fundamental and the second harmonic were focused on the
molecular beam with the use of UV-enhanced aluminum coated
spherical mirror with a focal length of 30 cm. The ion optics of
VMI spectrometer was similar to that described in the paper [8].
Two extra gard electrodes were inserted between the repeller
and the extractor for the better homogeneity of the electric field.
The laser was focused into the middle between the gard elec-
trodes. In order to provide the detection of O* or O3 ions, the detec-
tor was gated at a time corresponding to the time of flight of ions
with a mass of 16 or 32 amu, respectively.

3. Results and discussion
3.1. REMPI [(1 + 1) + 1] spectra of oxygen O,

In Fig. 1a the REMPI spectra of the oxygen arising from the UV-
photoexcitation of the van der Waals complex of isoprene with
oxygen CsHg-0, are presented. The signals of both parent O3 and
fragment O" ions are recorded in the spectral range of the funda-
mental wavelength A, = 454-470 nm. The excitation of the vdW
complex CsHg-O, is provided by the UV radiation (227-235 nm,
hv =~ 5.4 eV) of the second harmonic of the fundamental. According
to the earlier data [6] the yield of singlet oxygen in the UV-region
scanned in the current work (227-235 nm) changes only by 10-
20%. So, the simultaneous use of scanned UV-radiation for the pho-
toexcitation of the complex and the REMPI detection of appearing
10, shouldn’t affect the recorded REMPI spectrum of photofrag-
ments essentially.

The spectral profiles of 05 and O* ions are similar and the O* sig-
nal is higher in amplitude. The analysis of the possible pathways of
the O" ions formation in the conditions of REMPI (2 + 1) of O, with
the use of UV radiation at about 225 nm was carried out by Parker
and Eppink [15]. The imaging of O" ions and photoelectrons
allowed these authors to conclude that about one half of O* signal
is provided by the one-photon dissociation of a vibrationally
excited parent ion O3 produced by the photoionization of O, [15].
Another half is provided by the one-photon detachment of an elec-
tron from highly excited O atoms arising from the three-photon
dissociation of O, competing with the photoionization. Because
both these final transitions giving rise to O* ions are non-
resonant one-photon processes the REMPI spectra recorded on
the mass of O3 and O* ions should be similar. As we see for the bet-
ter resolved right part of the spectra given in Fig. 1a these spectra
are really similar in a major part. So we think that for our scheme
of excitation the mechanism of O* ions generation is similar.

For comparison we have also converted the REMPI (2 + 1) spec-
trum of d' I, — a'Ag (3,4 < 0) transitions of singlet oxygen from
the paper by Morrill et al. [13] into the wavelength region where
these transitions should be located for our scheme of REMPI [(1
+1')+ 1]. These converted spectra are presented in Fig. 1b with
blue lines. Experimental spectrum definitely contains the lines in
the expected regions of the REMPI [(1 + 1’) + 1] signal of O,('Ay).
In the region of A, from 467.31 to 467.959 nm the group of lines

corresponding to transitions of R and P branches of d Iy —a'A; (3
«— 0) band starting from the levels with J = 12-18 assigned in the
paper [13] are located. The features seen as the lines in Fig. 1 can
not be assigned to the individual transitions because they overlap
positions of several lines in the better resolved spectrum from
paper [13]. The REMPI spectrum in the spectral range of

d' Iy — a'A; (4 «— 0) transition has very intense extension into
the red region (longer than 455.9 nm). This extension is explained
by the contribution of the REMPI [(1 + 1’) + 1] signal of the molec-
ular oxygen in the ground state 02(X32g’ ) which appears also after
the photodissociation of complex CsHg-O,. Observed spectrum
overlaps well with the spectrum of REMPI (2 + 1) for 02(X3Z;)
shown by green line in Fig. 1b which is taken from paper by John-
son et al. [12] and converted to the spectral region of our two-
photon (1 + 1) excitation scheme.

Coincidence of the spectral regions of REMPI detected with the
regions expected for two-photon (1 + 1’) resonances in the excita-
tion of 0,('A,) state confirms the REMPI [(1 + 1) + 1] scheme pre-
sented in Fig. 2.

So we can conclude that we observe the formation of singlet
oxygen Oy('A,) via direct REMPI detection. This result confirms
earlier made conclusions on the formation of O,('A;) which were
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Fig. 1. (a) One-laser two-color REMPI [(1 + 1’) + 1] spectra of oxygen arising from the UV-photoexcitation of the van der Waals complex of isoprene with oxygen CsHg-O, the
spectra are presented as a function of the wavelength of the dye laser fundamental. Blue and green stars mark the lines, stars with arrows or overbraces mark regions, where
signals of the singlet 02(1Ag) or ground 0,(X> %, ) state, respectively, are located. (b) Red line - the 03 signal of the ground state of oxygen provided by REMPI of the unbound
0, in molecular beam (current work). One color REMPI (2 + 1) spectra based on literature data (see text) are also given. Red open circles indicate peaks corresponding to the
images with well pronounced effect of electron recoil (see text). (For interpretation of the references to color in this figure legend, the reader is referred to the web version of

this article.)
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Fig. 2. The scheme of resonance enhanced multiphoton ionization REMPI [(1 + 1") +
1] of singlet oxygen O,('A,). Wavelengths A and /2 correspond to the fundamental
of dye laser and its second harmonic, respectively.

based on the observation of 0(3Pj) atoms with kinetic energy cor-
responding to the photodissociation of singlet oxygen Oy('Ag) via
the process (2) [6-8]. Velocity map image of these O(°P;) atoms
was found in the cited works to be broad. This broadening was
explained with the formation of precursor O,('A,) molecules to
be translationally ‘hot’ [6]. To verify this we have investigated
velocity map images of O3 ions provided by the REMPI [(1 +1') +
1] of 0x('A,) discussed in the next section.

In Fig. 1b the REMPI spectrum of only O, is also shown which
has been obtained by the expansion of O, + He mixture. The nar-
row lines observed belong to the REMPI (2 + 1) of the ground state
0,(X3 %, ) provided by only UV-component of laser radiation (227~
235 nm) used in our experiments. These lines exist in the REMPI (2
+ 1) spectra of cold O, observed by Park et al. [16] and by Yokelson
et al. [17] who used tuned UV-radiation corresponding in wave-
length to the second harmonic of the fundamental of the dye laser
used in our experiments. The comparison of the width of one of
these bands (Ayac =456.83 nm) in the REMPI spectrum of cold O,
in Fig. 1b with the rotational structure of corresponding REMPI
(2 + 1) line available from the paper [16] allows us to conclude that
we observe the transitions of Q-branch with low | =1,3.

3.2. Velocity map imaging of 03 and O ions

Velocity map images (VMI) of O3 ions were measured for all
intense lines present in the REMPI spectra shown in Fig. 1. The typ-
ical samples of the images are presented in Fig. 3a-c. These images
of O3 have no features and look like a blob of different size. Several
images contain a bright point in the center like that in Fig. 3a. This
bright point corresponds to the ions O3 provided by the REMPI of
the translationally cold O, molecules.

The observation of translationally cold O, in the image allows
us to assign corresponding peaks in Fig. 1a marked by green stars
to the REMPI lines of 02(X32; ). Here we should indicate that the
contribution of the central bright spot into the integral signal of
these lines in the REMPI spectrum in Fig. 1a is not large. As it is
seen in Fig. 3e the narrow peak with near-zero kinetic energy is
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Fig. 3. (a)-(d) Samples of velocity map images of O3 and O" ions provided by the photoionization of photofragments arising from CsHg-O, photodissociation presented
numbers correspond to the vacuum wavelength. (e)-(h) Kinetic energy distributions obtained by the Abel inversion of the images presented above red lines correspond to the
fit by Maxwell-Boltzmann velocity distribution with the temperature value presented in the figure as well. Double sided arrows indicate the directions of the polarization of
Visible (1) and UV (1/2) radiations. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

substantially less in integral than the higher energy recoil contri-
butions which is attributed to the translationally ‘hot’ low-] rota-

tional states of 02(X32§). In some cases, like at Ay,c=468.516

and 469.234 nm the transitions P(7) and O(14) of the band leg
«— a'A, (3 + 0) can contribute, respectively.

At the major part of the REMPI lines of both singlet 05(*A,) and
triplet 02(X3Zg’) states the images of O3 ions reveal translationally
‘hot’ O, All these images are isotropic. In Fig. 3b and c two samples
of these images are presented. The shapes of corresponding energy
distributions obtained by the Abel inversion of these images are
shown in Fig. 3f and g. We fitted these profiles with the Maxwell
Boltzmann distribution. The profiles obtained by the method of
least squares are presented in Fig. 3f and g together with the tem-
perature values corresponding to these fits. The images of O3 pro-
vided by REMPI at the other lines have been also fitted in a similar
way. Total manifold of the images are characterized by the values
of temperature which vary within the range from very low values
(see text with the discussion of the image 4e) up to about 940 K.
The shape of the images themselves doesn’t allow us to discrimi-
nate singlet and triplet states.

In Fig. 3d the image of O* ions provided by the REMPI (2 + 1)
at 226.233 nm of O(3Py) atoms arising from the photodissociation
of the complex CsHg-O-, at the same wavelength is presented. This
image looks similar to that one earlier observed in the paper [6].
The channel assigned to the O(®P,) atoms arising from the pho-
todissociation of singlet oxygen in a process (2) gives a broad
peak with average kinetic energy near 0.7 eV. This kinetic energy
corresponds to atoms provided by the photodissociation of
02(1Ag) in the ground vibrational state [6-8]. We have estimated
the temperature of the precursor Oy('A,) which fits the observed
width of this peak. As it is seen in Fig. 3 h the temperature T =
520K fits the width very well. Really the peak observed is a result
of the convolution of the peaks of O(°Py) atoms arising from
02(1Ag) molecules in different rotational states with varied
kinetic energy distribution which provide the resulted broadened
image.

The state distribution of appearing singlet oxygen is governed
by the nature of the photoprocess giving rise to O('A). According
to the results of the recent studies the photoexcitation of the van
der Waals complexes of oxygen X-O, gives rise to 02(1Ag) via the
double spin-flip (DSF) transition [6-8]

3(1X=30,) + hv = 33X = 10,) = 3X+ 10, (10, = 05('Ag))

(3)

with the simultaneous change of the spin of both partner molecules
but without change of the total spin of the complex. The initial con-
figuration of the complex corresponds to the equilibrium geometry
of the van der Waals complex of the molecules X (CsHg in our case)
and 0, in their ground electronic states. In the excited state 3X-10,,
where both molecules X and O, are in their excited electronic states,
the minimum of the van der Waals potential is expected to be
shifted to a longer X-0, distance as compared with the ground
state. ‘Vertical’ excitation should thus deliver the complex to the
repulsive branch of the potential in the excited state. This repulsion
is responsible for the kinetic energy of appearing !0, molecules. In
favor of this effect we can refer to our previous paper [18], where
analysis of the kinetic energy and the angular distribution of the
recoil directions for O atoms arising from photodissociation of X-
0, complexes was carried out. The released translational energy
of the recoil along X-O, line, designated as T, was concluded to
effect essentially on the value of experimentally observed angular
anisotropy parameter f3 for the recoil directions of O atoms [18].
Difference in translational temperature of appearing 'O, mole-
cules can be explained by difference in the initial geometry of the
complex X-0O,. Detailed quantum-chemical investigations of the
structure have been carried out for the complex of the simplest
olefin ethylene with oxygen in papers by DeBoer et al. [2]| and by
Bogdanchikov and Baklanov [19]. The full optimization carried
out in paper [19] showed that two structures correspond to the
minima of potential energy. The most stable configuration has
the plane structure of C,, symmetry with O, molecule directed
parallel to the main axis of C;H4 molecule. Less stable structure
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has C; symmetry and corresponds to location of O, in the plane
perpendicular to the main axis of C;H, molecule. In isoprene mole-
cule there are two non-equivalent double C=C and three C—C
bonds. So we can expect that the potential energy surface of the
van der Waals complex of isoprene with oxygen CsHg-O, has many
local minima corresponding to the different sites of O, location
near bulky non-symmetrical isoprene molecule. These different
sites correspond to the geometries of the complex which differ
by the X-0O, distance and by the relative orientation of the mole-
cules. The ‘vertical’ excitation in these different configurations
delivers the complex to the different positions on the repulsive
branch of the potential in the excited state and so gives rise to
10, with different kinetic energy. Difference in the distance and
the orientation of O, relative to CsHg in these different configura-
tions should provide different torques applied to Ox('A,) in the
excited state of the complex that results in a variety of rotational
states populated by appearing singlet oxygen.

The formation of translationally ‘hot’ ground electronic state

oxygen 02(X32g’) in different rotational states is supposed to be
governed by the excitation of isoprene in the complex CsHg-O,

'X=30;, +hv =X =30, = 'X" +%0, (0, =0,(X’%;)) (4)

Isoprene itself has strong absorption in UV region [20]. The sys-
tem of m-electrons in isoprene is analogous to that in butadiene.
Strong UV-absorption in butadiene is provided by allowed © —
7* transition [21]. Again, in the excited state 'X*-30, the minimum
of the van der Waals potential is expected to be shifted to a longer
X-0, distance as compared with the ground state. So the ‘vertical’
excitation delivers the complex to the repulsive branch of the
potential in the excited state. This repulsion is responsible for
the kinetic energy of appearing 0, molecules. We can not exclude
that the collisions with the fragments of excited isoprene 'X*
dissociation can also contribute to O, translational and
rotational excitation. We have not found any data about UV-
photodissociation pathways in gas phase isoprene. But the energy
of photon at the wavelengths used (227-235 nm, hv~ 5.4 eV ~
124 kcal/mol) is sufficient for the dissociation of isoprene molecule
CH,=C(CH3)—CH=CH, via any of C—H as well as C—CH3 bonds.

3.3. Ionization pathways in REMPI of 02(X3E§ )

In Fig. 4a-e the expanded central part of the images of O3 ions
are shown. The image which is seen as a point in Fig. 3a looks after
expansion in Fig. 4b as the spot with the hole. The expanded
images of the ions of cold bare O, molecules shown in Fig. 4b-d
have holes. These holes are attributed to the effect of electron
recoil. The recoil energy is provided by the splitting of translational
energy released in the photoionization event. According to the
momentum conservation this excess energy is split between 05

ion with m=32 amu and electron in the proportion of
~1:60,000. We can see this effect of small recoil energy at a level
of 0.1 meV for the photoionization of free O, molecules in molecu-
lar beam because cold O, molecules have rather low transversal
temperature of about several K (kT ~ 0.25 meV at 3 K). The differ-
ent sizes

of the holes correspond to recoil from electrons with different
kinetic energy provided by the photoionization. Estimates of these
recoil energy are presented in Fig. 4 as well. All corresponding
REMPI lines were observed by Park et al. and assigned to REMPI
(2 +1) provided by UV radiation [16]. Taking into account that all
the intermediate states excited at these lines have very similar
energy we conclude that the difference in the recoil energy (pre-
sented in the Fig. 4) is governed by the difference in ionization
pathways of the intermediate states. For REMPI lines correspond-
ing to images 4b-d the energy of photoelectrons provided by pho-
toionization was measured by Park et al. [16]. According to those
data the maximum contribution should be provided by photoelec-
trons with energy of about 4 eV. But the hole size of only one image
presented in Fig. 4d corresponds to this energy. This process just
corresponds to REMPI (2 + 1) process (4). Image in Fig. 4a can be
assigned to the photoionization of two-UV-photon excited inter-
mediate state by visible photon at 458.92 nm with total REMPI
(2 +1’) process (5). It is worth mentioning that in the experiments
by Park et al. [16] this visible radiation also could participate in the
photoionization of corresponding intermediate state because these
authors didn’t filter UV-radiation of the second harmonic from the
fundamental radiation used. The biggest hole in the image in
Fig. 4b is assigned to the two-UV-photon ionization of the interme-
diate state with total REMPI (2 + 2) process (6). The hole in Fig. 4c
can be provided by two-UV-photon ionization (6) giving rise to
ions excited vibrationally or two-(UV + VIS)-photon ionization
with total REMPI [2 + (1 +1)] process (7). These data definitely
indicate the existence of the four-photon processes in the REMPI

of the ground state 02(X3Z; ) in our experimental conditions.

2hv(UV)

0,(°%,) """ 05 (Ry) "2 05 + e (5)
" os e 6)
MV 0os e %)
Bv(UY)+hv(VIS) 03_ te 8)

The image 4e shows the ions from slow O, molecules with very
low kinetic energy at the 1 meV level arising from the complex
CsHg-0,. Low kinetic energy of the precursor O, molecules allows
one to see the holes provided by electron recoil. Two spots are
interpreted to be provided by O, molecules arising in photodisso-
ciation of the complex.

-
a) 458.92 nm

€) 459.66 nm

o a0

(1.9£0.2)x10™* eV

(1.4£0.2)x10* eV

(0.9+0.2)x10™ eV

Fig. 4. (a)-(d) Velocity map images of O3 provided by the REMPI of 02(X32; ). The holes in the images correspond to the recoil of photoelectrons detached in the REMPI of O,
molecules (see text). In figures (b)-(d) the recoil energy extracted from the hole size is presented. e) The image of the very slow 02(X32g’) molecules arising from the
photodissociation of complex CsHg-0,. Asymmetry in the location of two rings is attributed to small inhomogeneity in the electric field distribution.
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4. Conclusions

The one-laser two-color REMPI [(1 + 1’) + 1] has been applied to
detect molecular oxygen O, in singlet (a'Ag) and triplet (X32g’ )
states arising from the UV-photodissociation of the van der Waals
complexes of isoprene with oxygen. The two-photon resonance
excitation of O, has been provided by the sum of photons of the
fundamental of the pulsed dye laser (454-470 nm) and its second
harmonic. The spectral regions of REMPI [(1 + 1’) + 1] observed cor-
respond to the earlier measured REMPI (2 + 1) spectra from litera-
ture when the energy of resonances was recalculated to the (1 + 1)
excitation scheme. The translational energy of Oz(alAg) and
02(X3E§) was measured with velocity map imaging. Molecules
0, in both singlet and triplet states were found to appear in differ-
ent rotational states with translational energy varied from 1 meV
level to a distribution corresponding to about 940 K. Measured
translational temperature of singlet oxygen allows us to explain
the width of the energy distribution of O(*P;) atoms arising from
singlet oxygen which was observed earlier to appear after the pho-
toexcitation of many van der Waals complexes of oxygen X-O,.
Velocity map images of the 03 cold ions reveal well pronounced
effect of the recoil of electrons detached in a REMPI process.
Observed values of recoil indicate the contributions of one- and
two-photon pathways of the ionization of the resonantly popu-
lated intermediate levels.
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