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Photodissociation of nitrous oxide near 203 nm has been studied by a combination of high resolution slice ion 
imaging technique and (2+1) resonance-enhanced multiphoton ionization (REMPI) spectroscopy of N2(X1Sg+) via 
the (a"'Zg+) state. We have measured the recoil velocity and angular distributions of N2 fragments by ion images of the 
state-resolved photofragments. The N2 fragments were highly rotationally excited and the NN-O bond dissociation 
energy was determined to be 3.635 eV Also, we investigated the photofragment images from the photodissociation of 
N2O clusters with various stagnation pressures.
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Introduction

Photofragment translational spectroscopic studies have been 
widely employed to abstract information regarding the angular 
and kinetic energy distributions of photofragments as well as 
their quantum states caused by photodissociation for relatively 
simple molecules. In late 1980s, Chandler and Houston pio
neered this research area, starting from their 2-dimensional 
ion imaging study on photodissociation of CH3I.1 While a time- 
of-flight (TOF) method help understand the kinetic energy 
release from temporal analyses, the ion imaging method turns 
out to be exceptionally powerful to verify angular distributions 
as well as kinetic information of the products. Eppink and Par- 
ker2 improved spatial resolutions of ion and electron images 
replacing the grids with simple focusing electrodes, which 
can remove blurring of images effectively.

Later, ion imaging technique has met a new aspect via 
suggestion of ‘slice imaging' which is characterized by a de
layed pulsed extraction introduced by Kitsopoulos and cowor- 
kers.3 In recent years, diverse slice ion imaging techniques 
have been developed to overcome the drawbacks stemming 
from reconstruction of the 2-dimensional image to a 3-dimen
sional one via inverse Abel transformation. By slice imaging 
methods, images with higher resolutions are available even 
without any indirect analytic tools. Besides, it is easy to under
stand temporal structures of fragment ion spheres in crossed 
molecular beam experiments.4

Among many molecules, N2O has been one of the most attrac
tive target molecules for photodissociation imaging studies 
due to the rich information available from spectroscopic and dy
namical studies of its photodissociation.5-12 Neyer et al.8 have 
reported the photofragment images of N2 with J-dependent ani
sotropy and Suzuki and coworkers11,12 have shown high resolu
tion images of N2 and O fragments and determined the contri
bution of two excited states of N2O molecule in photoabsorp
tion.

Recently, photodissociation of weakly bound van der Waals 
clusters has been studied employing the ion imaging techni- 
que.13 Here, we introduce our new slice ion imaging apparatus 
on the basis of time-sliced ion velocity mapping technique 
using ion optics with many electrodes assembly suggested by 
Kitsopoulos4 and attempt to verify the effects of the stagnation 
pressure on the formation of N2O clusters and their photo
dissociation at ultraviolet region5-12 Previously, infrared spec
troscopic studies of N2O clusters have been performed to exa
mine their predissociation processes, together with structural 

14-20 information.

Experiment시

Figure 1 shows a schematic representation of the experi
mental setup for slice ion imaging. The chamber consists of 
two parts; a source chamber and an ion flight chamber. They 
were installed in vertical direction to minimize any possible 
distortion and tilting of ion optics due to the gravitational 
force. The ion optics consists of total 28 electrodes with cir
cular holes, whose outer diameter and thickness are 140 mm 
and 1.0 mm, respectively. Voltages supplied to the first, the 
second, and the third electrode along the ion flight pathway 
are designated as VR, VE and VL, the inner diameters (i.d.) of 
the center holes being 2 mm, 40 mm, and 40 mm, respectively. 
The other electrodes, from the fourth to the last, have same 
dimensions (i.d. = 60 mm). The spacing between the two elec
trodes for the first three electrodes is 2.54 cm. The other elec
trodes are 1.59 cm apart with each other, each being coupled 
with 1 MQ resistance to evenly divide the voltage supplied to 
Vl.

The ions generated by dissociation and subsequent ioni
zation fly through the ion optics holes. The first and the second 
fields felt by the ions are nearly equal (~47 V/cm) and the ion 
sphere moves slowly toward the third strong field (~106 V/cm). 
VE determines a length of the ion sphere and VL controls a
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Figure 1. Schematic representation of the velocity map slice ion ima
ging apparatus. Two different detectors, one for imaging and the other 
for time-of-flight mass spectroscopy are selected by a translational 
stage.

focusing of the ion trajectory. Images with optimum resolution 
are to be obtained by adjusting these two voltages. For detecting 
ions, we can choose either an ordinary MCP (micro channel 
plate) detector for time of flight (TOF) mass spectroscopy or 
an imaging MCP/phosphor detector (Photonics, P20, diameter = 
40 mm). The ordinary MCP detector is mounted on a transla
tional stage so that it can be pulled away when images are 
obtained. The flight length for the ions as measured from the 
ionization spot to the front surface of the imaging MCP detector 
is 65 cm. The light emission from the phosphor screen, gene
rated as the ions impinge on the imaging MCP detector, is accu
mulated by a charge coupled device (CCD) camera (Sony, XC- 
HR70) which is mounted in a black box to reduce interference 
from stray lights.

A key point for slice imaging technique is to take the central 
ion spots of Newton sphere selectively, which have only 厶 and 
% components along z-axis flight pathway, produced by ionized 
fragments. With many electrodes arrangement, a gradual incre
ment of the electric field can lengthen the z-axis length of the 
sphere effectively without any distortion. This is the opposite 
configuration compared with the TOF setup. We set the voltages 
Vr八伝=〜0.98, Vr八上=〜0.95 for imaging and Vr八伝=〜0.73, 
Vl = ground for TOF analysis, respectively.

Although a shorter mass gate width of the imaging detector 
can give an image with a higher resolution, it needs to be ad
justed without sacrificing too much ion signal intensity. The 
gate width is set at 70 ns, but the effective gating time is 20 〜30 
ns, considering the rise and decay time of the high voltage pulser. 

To avoid a blurred image, the minimization of the central spot 
size is a prerequisite, which is to be obtained by supplying 
higher MCP and lower phosphor voltages. For data acquisition 
and analysis of ion images, we adopt a real time ion counting 
method, using the programs developed by Suits and co-wor- 
kers.20 The velocity calibration is performed by analysis of O+ 
image from 4-photon dissociation/ionization of O2 molecules 
at 224.999 nm.2,4,21 The velocity resolution is 0.89% (8 v/v) at 
a kinetic energy release (KER) of 〜1.6 eV.

We chose the photodissociation study of N2O molecules at 
202 - 204 nm regions to confirm the accuracy of our experi
mental results from our imaging system. Several researchers 
have performed the photodissociation of N2O6,8,11,12 to N2 and 
O fragments via one-photon absorption, where N2 fragments 
are detected by (2+1) photon ionization process. A mixed gas 
of 20% N2O in He carrier gas is supersonically expanded using 
a pulsed valve. The laser beam for dissociation of N2O mole
cules is generated by doubling and mixing of visible output 
(606 - 612 nm) produced by a dye laser (Lumonics) pumped by 
a Nd:YAG laser (Spectra Physics, GCR150-10) using a beta 
barium borate (BBO) crystal. The laser beam is properly focused 
using a lens (f= 250 mm) to achieve the 4-photon process after 
separating from visible and doubled beams using a 4-Pellin- 
Broca prism assembly. Care has been taken to avoid a space 
charge effect by maintaining the laser power as low as possible. 
The stagnation pressure was varied from 2.5 to 25 psi to observe 
clustering effects of N2O molecules. Also, (2+1) REMPI 
spectra of N2 are obtained at different stagnation pressures.

Results and Discussion

Figure 2(a) shows the slice ion image of N2 fragment prod 
uced by one-photon dissociation of N2O, which produces 
O(1D) by the reaction of N2O — N2 (X1Sg+) + O(1D), followed 
by (2+1) resonance-enhanced multiphoton ionization (REMPI) 
via the (a"'£+) state at 〜203 nm (v = 0, J = 66). This is the raw 
image, accumulated by a center of mass calculation of each 
ion spot using a real time ion counting program.20 Figure 2(b) 
and 2(c) show translational energy and angular distributions 
of the N2 fragment in a single quantum state of v = 0, J = 66. 
The image indicates a symmetrically sharp ring from (0,0,0) 
state of N2O and also gives a higher energy ring from a vibra
tionally excited molecule at (0,1,0) state. A terminal splitting 
of the ring from the (0,0,0) level is caused by the energy taken 

12 away from the photoelectron when the nitrogen is ionized. 
The calculated anisotropy parameter value 0) obtained from 
the angular distribution was 0.83.

We observed N2 images at several rotational quantum states 
and determined NN-O bond dissociation energy (D0) from a 
state-selected N2 image at v = 0 and J = 74. D0 is obtained from 
the equation, D0 = hv + Emt - {Evb(v) + BJ(J + 1) - dJj + 
1)2} - Etrans(v J). The rotational and centrifugal constants for cal
culations are used from the previous work (v00=98840.10, B0= 
1.91429 and。0‘=6.133 x 10-6 cm-1).11 The estimated bond 
dissociation energy is 3.635 eV which is in good agreement with 
the reference value (3.630 eV) at the same J state.11

Figure 3(a), (b), and (c) show the slice ion images of N2 frag-
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Figure 2. (a) Raw ion image of 卬(切+) fragment from N2O disso
ciation. (b) Total translational energy distribution, and (c) angular 
distribution taken from the image in a quantum state of v = 0, J = 66. 
The calculated anisotropy (p) is 0.83. The stagnation pressure is 2.5 
psi.

ment at different stagnation pressures. A concentrated cloud 
is clearly observed at the central part of N2 image at high pres
sure as shown in Fig. 3(a) and 3(b), while it disappears at 12 
psi. Figure 3(d) shows translational energy distributions of the 
N2 fragments at different pressures. The translational distribu
tion consists of two components; one is the fast component with 
kinetic energy of 0.52 eV and the other is the slow one with 0.008 
eV, which represents the cloud image at the center.

Figure 4(a) and 4(b) show the (2+1) REMPI spectra of nas
cent N2(X1Sg+) produced by one-color photodissociation of 
N2O in a supersonic molecular beam. The N2 fragments are 
highly rotationally excited, and the overall spectral features 
are in excellent agreement with those reported by Hanisco and
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Figune 3. Raw ion images of N2 fragment with various stagnation 
pressures at a same quantum state, v = 0, J = 66; (a) 28, (b) 20, and (c) 
12 psi, (d) their N2 translational energy distributions, normalized at 
intensity of (0,0,0) level.

Kummel.6 It is of note that the N2(X1Sg+) rotational state dis
tribution for 2.5 psi pressure is considerably hotter than that
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Figure 4. The (2+1) REMPI spectra of N2 fragment from the disso
ciation of N2O at different stagnation pressures; (a) 2.5 psi and (b) 25 
psi. The intensity is normalized at each maximum peak. The rotational 
distribution is shifted to a lower rotational state at a relative high stag
nation pressure.

Figure 5. The optimized structure of the excited N2O dimer.

for 25 psi pressure.
The optimized structure of the excited N2O dimer has been 

calculated with the GAUSSIAN03 program package at the 
B3LYP/cc-pVDZ level. The most stable structure is displayed 
in Fig. 5.

Infrared spectroscopic studies about N2O clusters such as 
dimer, trimer, and tetramer have been reported with interests 

quadruple
15,16 r Their

of van der Waals clusters. Miller et al. have shown 
mass spectra for N2O at various source pressures.
cluster-size distributions show dominant monomer with relati-
vely weak dimer and trimer peaks even at high pressure condi
tions ranging from 32 to 218 psi. In this regard, our molecular 
beam is considered to consist mainly of monomers with small 
amount of dimer clusters at ~25 psi stagnation pressure. The in
tensity of the central cloud increases with the stagnation pres
sure, which is attributed to the slow N2 fragments produced by 
dissociation of N2O dimer.

At the ground electronic state, N2O dimer gives a linear struc
ture forming a weakly bound van der Waals complex. When 
N2O dimer is electronically excited, a monomer becomes bent 
as it gets excited. The rotational motion of the fragment N2 is 

hindered due to the formation of dimer. Also, its kinetic energy 
decreases since a significant portion of the kinetic energy is 
transferred to the neighboring molecule before the fragment 
N2 molecule flies away. This explains the cloud image of N2 at 
the center. However, further investigations are required to con
firm the above-mentioned mechanism.

Conclusion

We constructed a slice ion imaging apparatus by using many 
electrodes optics which give high resolution ion images supp
lying gradual increasing electric field to enlarge the ion sphere. 
We examined the photodissociation of nitrous oxide at the wave
length range from 202 to 204 nm to confirm the experimental 
accuracy of our setup. The bond dissociation energy of NN-O 
was 3.63 5 eV, which is quite close to the reference value, 3.630 
eV. The central cloud images became apparent with the increase 
of pressure, which is considered to originate from the photo
dissociation of N2O clusters.
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