
high altitudes in the Earth•s atmosphere, and of ozone (O3)
to O2 plus an O atom by longer wavelength ultraviolet (UV)
photons lower in the stratosphere. Together, these two photo-
dissociation processes are key to establishing the localisation
(in altitude) of the ozone layer. 1,2

Those interested in molecular photodissociation dynamics
seek insights and understanding beyond simply determining
the photoproducts. Such studies are often conducted as
•pump…probe• experiments, in the gas phase, at low pressures,
mostly under jet-cooled molecular beam (i.e. collision-free)
conditions, and seek to answer questions like: in what quan-
tum (electronic, vibrational, rotational, spin…orbit, etc.) states
are the products formed, and/or what are the various product
recoil velocities, v? The photoexcitation event usually involves
an electric dipole transition, the probability of which is max-
imised when the electric (e) vector of the exciting radiation is
aligned parallel to the transition dipole moment ( l). Thus,
photoexcitation typically creates an anisotropic distribution of
excited molecules. If the photoexcited molecules dissociate
rapidly ( i.e. on a timescale that is fast compared with the period
of molecular rotation), this spatial anisotropy should be
revealed as an angular anisotropy in the product yield, i.e.
in a correlation between l and v, and thus between e and v.
Other correlations, e.g. between l and the rotational angular
momentum, J, of a photofragment, and even between the
fragment v and J vectors, can be observed in favourable
cases.3 All such information reports on the forces acting on
the nuclei of the molecule in the act of dissociating. These
forces are determined by the topography of the potential energy
surface(s) (PES(s)) sampled during the dissociation process.
Calculations of excited (and ground) state PESs for small and
medium-sized neutral molecules, and of the non-adiabatic
couplings between these PESs, are now amenable to contem-
porary ab initio electronic structure methods. Methods of
calculating nuclear dynamics on such PESs are also advancing

impressively, enabling increasingly rigorous and fruitful points
of comparison between experiment and theory.4…7

Until quite recently, experimental studies of molecular
photofragmentation processes in the gas phase have tended to
group into one of two classes.8 Both start with the •pump• step …
photoexcitation, typically with a short duration pulse of reason-
ably monochromatic light from a laser. One class relies on
•probing• the (typically electronic) spectrum of one or more of
the photofragments … which in this class of experiments are
most usually diatomic species. The density of photofragments in
such experiments is generally too low to allow use of absorption
detection methods; favoured probe methods include laser
induced fluorescence (LIF) and resonance enhanced multipho-
ton ionisation (REMPI) spectroscopy. Given a thorough under-
standing of the diatomic fragment spectroscopy, analysis of the
spectral line intensities allows determination of the product
quantum state population distributions, 9 while measurements
of Doppler broadened spectral lineshapes (linewidths) can give
information about the fragment recoil velocities. 10

The second class of experiments report directly on the velo-
cities (and thus the translational energies) of one or more of the
photofragments. Early photofragment translational spectroscopy
(PTS) experiments used electron impact ionisation and mass
spectrometric detection methods after the photofragments had
recoiled along the detection axis. Current methods of choice •tag•
the fragment of interest immediately after its creation. Velocity
map imaging (VMI) methods (Fig. 1) where the target photofrag-
ment is ionised at source (in a state-selective manner, by REMPI)
and then accelerated onto a two-dimensional (2-D) time and
position-sensitive detector, have had major impact in this
field. 11…15The image reports the velocity distribution of the
probed fragment and, in favourab le cases, shows structure which
upon analysis reveals the quantum state population distribution
in the partner fragment. A variant, that has been widely applied in
studies of the photodissociation o f hydride molecules that yield H
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120 F. Légaré, K. F. Lee, I. V. Litvinyuk, P. W. Dooley,
A. D. Bandrauk, D. M. Villeneuve and P. B. Corkum, Ima-
ging the time-dependent structure of a molecule as it
undergoes dynamics, Phys. Rev. A, 2005, 72, 052717.

121 M. Ueyama, H. Hasegawa, A. Hishikawa and
K. Yamanouchi, Concerted and sequential Coulomb explo-
sion processes of N2O in intense laser fields by coincidence
momentum imaging, J. Chem. Phys., 2005, 123, 154305.

122 W. B. Jiang, X. C. Wang, S. Zhang, R. C. Dong, Y. L. Guo,
J. Z. Feng, Z. J. Shen, T. M. Yan, Z. Y. Zhu and Y. H. Jiang,
Dissociative multi-ionization of N 2O molecules in strong
femtosecond laser field, J. Chem. Phys., 2022, 157, 084302.

123 A. Hishikawa, A. Iwamae and K. Yamanouchi, Ultrafast
structural deformation of NO 2 in intense laser fields
studied by mass-resolved momentum imaging, J. Chem.
Phys., 1999, 111, 8871…8878.

124 A. S. Alnaser, I. Litvinyuk, T. Osipov, B. Ulrich, A. Landers,
E. Wells, C. M. Maharjan, P. Ranitovic, I. Bochareva, D. Ray
and C. L. Cocke, Momentum-imaging investigations of the
dissociation of D 2

+ and the isomerization of acetylene to
vinylidene by intense short laser pulses, J. Phys. B: At. Mol.
Phys., 2006, 39, S485…S492.

125 A. Hishikawa, A. Matsuda, M. Fushitani and E. J. Takahashi,
Visualizing recurrently migrating hydrogen in acetylene dication
by intense ultrashort laser pulses, Phys. Rev. Lett., 2007,99, 258302.

126 A. Hishikawa, A. Matsuda, E. J. Takahashi and
M. Fushitani, Acetylene-vinylidene isomerization in

Perspective PCCP

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

2 
Ju

ne
 2

02
3.

 D
ow

nl
oa

de
d 

on
 7

/8
/2

02
5 

1:
16

:4
3 

PM
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n 
3.

0 
U

np
or

te
d 

L
ic

en
ce

.
View Article Online

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/D3CP01740K


O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

2 
Ju

ne
 2

02
3.

 D
ow

nl
oa

de
d 

on
 7

/8
/2

02
5 

1:
16

:4
3 

PM
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n 
3.

0 
U

np
or

te
d 

L
ic

en
ce

.
View Article Online

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/D3CP01740K


O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

2 
Ju

ne
 2

02
3.

 D
ow

nl
oa

de
d 

on
 7

/8
/2

02
5 

1:
16

:4
3 

PM
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n 
3.

0 
U

np
or

te
d 

L
ic

en
ce

.
View Article Online

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/D3CP01740K


O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

2 
Ju

ne
 2

02
3.

 D
ow

nl
oa

de
d 

on
 7

/8
/2

02
5 

1:
16

:4
3 

PM
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n 
3.

0 
U

np
or

te
d 

L
ic

en
ce

.
View Article Online

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/D3CP01740K


O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

2 
Ju

ne
 2

02
3.

 D
ow

nl
oa

de
d 

on
 7

/8
/2

02
5 

1:
16

:4
3 

PM
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n 
3.

0 
U

np
or

te
d 

L
ic

en
ce

.
View Article Online

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/D3CP01740K


O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

2 
Ju

ne
 2

02
3.

 D
ow

nl
oa

de
d 

on
 7

/8
/2

02
5 

1:
16

:4
3 

PM
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n 
3.

0 
U

np
or

te
d 

L
ic

en
ce

.
View Article Online

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/D3CP01740K

