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The  optical  absorption  of the  green  fluorescent  protein  chromophore  anion  (HBDI−) in  the  gas  phase
has  been  addressed  by  a number  of experimental  and  theoretical  studies;  however,  there  is  no  consen-
sus on  its  spectral  characteristics  yet.  In  this  report,  the  intrinsic  absorption  of  HBDI− was  probed  by
photo-induced  dissociation  (“action”)  spectroscopy  using  discrete  lines  of  a  continuous-wave  (CW)  laser
source. The  observed  spectral  profile  of  dissociation  efficiency  revealed  a pronounced  dependence  on
the laser irradiance.  Dissociation  at high  irradiance  is  governed  by  multiple-photon  absorption  processes
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whose  efficiency  peaks  between  476  and  488  nm.  At  very  low  irradiance  (<0.4  mW  cm ) dissociation  of
gas-phase  HBDI− is  mostly  promoted  by single-photon  transitions  and  suggests  an  intrinsic  absorption
maximum  of  gas-phase  HBDI− <476  nm,  blue-shifted  compared  to  earlier  results  obtained  with  pulsed
lasers.

© 2011 Elsevier B.V. All rights reserved.
ction spectroscopy
TICR-MS

. Introduction

The green fluorescent protein (GFP) is an intrinsically fluores-
ent protein, which is extensively used as a genetic marker in
ellular biology [1].  It has a barrel structure that consists of �-sheets
ith a chromophore-containing �-helix passing through the center

2,3]. In wild-type GFP, the chromophore 4′-hydroxybenzylidene-
,3-dimethyl-imidazolinone (HBDI) is normally present in either
eutral or deprotonated (HBDI−, Scheme 1) form, leading to the
bsorption bands at around 395 and 480 nm,  respectively [4].  The
ative protein conformation is directly responsible for the bright
uorescence of HBDI− (�max ≈ 510 nm,  quantum yield ≈0.8, life-
ime ≈3 ns) [5],  which is weakened by at least three orders of

agnitude upon protein unfolding [6]. The underlying mechanisms

f the protein–chromophore interaction which enables fluores-
ence are not entirely understood [7]. It is thought that the protein
odulates the chromophore photophysics via both a steric and

n electronic influence [8].  The tight packing of the chromophore

∗ Corresponding author. Tel.: +41 44 632 4376; fax: +41 44 632 1292.
E-mail address: zenobi@org.chem.ethz.ch (R. Zenobi).

1 Current address: Department of Chemistry, Stanford University, Stanford, CA
4305, United States.

387-3806/$ – see front matter ©  2011 Elsevier B.V. All rights reserved.
oi:10.1016/j.ijms.2011.01.014
provided by the native GFP conformation restricts its rotational
freedom. The extent of this restriction affects the rate of quenching
isomerization reactions in the excited state and has been suggested
to directly influence the fluorescence quantum yield [9].  Besides the
steric restrictions that the protein interior imposes on the chro-
mophore rotational freedom, a considerable effect on the energy of
electronic transitions is expected.

Visible light absorption of HBDI− in solution is gener-
ally significantly blue-shifted compared with the absorption
of the HBDI− chromophore in wt-GFP, consistent with a
strong protein–chromophore interaction [10,11].  A multivariant
Kamlet–Taft fit [12] of the HBDI− absorption maxima in different
solvents allowed Dong et al. [10] to separate the contributions from
selective (H-bonding) as well as from nonselective (dipole–dipole
interaction) solvation to the electronic transition. Extrapolation of
this fit to both zero hydrogen bond donor/acceptor properties and
zero polar solvation parameters yields an estimate for the intrinsic
absorption maximum of HBDI− in the absence of solvent around
437 nm,  which is ca. 45 nm blue-shifted relative to the absorption

−
of HBDI inside the protein. A very similar estimate was obtained
(440 ± 5 nm)  upon direct extrapolation of absorption maxima mea-
sured in non-polar solvents to the dielectric constant of vacuum,
ε = 1 [13]. Unfortunately, there is no single solvent parameter which
adequately describes the solvatochromism of HBDI− [7].  There-

dx.doi.org/10.1016/j.ijms.2011.01.014
http://www.sciencedirect.com/science/journal/13873806
http://www.elsevier.com/locate/ijms
mailto:zenobi@org.chem.ethz.ch
dx.doi.org/10.1016/j.ijms.2011.01.014
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Fig. 1. Photodissociation pathways of gas-phase HBDI−: (a) the major ionic frag-
ment formed by neutral methyl loss from of HBDI− is directly detected by FTICR-MS
at m/z 200; (b) photodetached electrons are revealed via the capture reaction with
Scheme 1. Anionic form of the model GFP chromophore, HBDI.

ore, the bathochromic shift in the absorption of HBDI− inside the
rotein cannot be entirely assigned to a specific interaction (e.g., H-
onding) but rather reflects a unique microenvironment provided
y the protein interior.

The effect of the protein on the electronic transition ener-
ies in HBDI− deduced from solution-phase experiments has been
uestioned by the results of pioneering action spectroscopy exper-

ments carried out on HBDI− in the gas phase by the groups of
ndersen [14,15] and Jockusch [16]. In these experiments, gas-
hase HBDI− ions trapped inside an electrostatic storage ring [14]
r a quadrupolar ion trap [16] were exposed to irradiation produced
y a tunable laser source. Both ionic [16] and neutral [14] fragment
ields as well as parent ion depletion [16] were monitored as a
unction of the excitation wavelength and revealed a maximum at
round 480 nm,  which is very close to the absorption maximum of
BDI− in the protein. It was therefore proposed by Andersen and
oworkers that the GFP scaffold offers a near-vacuum environment
or the chromophore, although with restrictions on its rotational
reedom [14]. In our opinion, this conclusion is quite speculative, as
he lack of a shift in an electronic transition does not automatically
mply that “the actual environment of the chromophore inside the
rotein cavity is much closer to vacuum than to bulk solution” [14].

n fact, the absorption of HBDI− in DMSO and DMF  was also found
o be very similar to that in the protein [10,17].  The observation
lone, that HBDI− optical absorption maximum in the gas phase
educed from action spectroscopy (≈480 nm)  is very different from
hat extrapolated from solution-phase studies (≈440 nm), is quite
nsettling. A key difference between the solution-phase measure-
ents and those in the gas phase is that multiple-photon processes
ay become important in the latter [16]. For a more accurate

etermination of the absorption at ε = 1 (vacuum), the contribu-
ion of these multiple-photon processes needs to be minimized, by
mploying lower optical power. In order to achieve single-photon
ctivation in action spectroscopy experiments with pulsed laser
ources, the irradiation energy within each single pulse would have
o be attenuated down to the energy level delivered by CW sources.
owever, given the low duty cycle of pulsed sources, on the order of
0−6, the time needed to produce detectable fragmentation would
ecome exceedingly long, especially when compared with the typi-
al storage time that is possible with an ion trap mass spectrometer.

To contribute to the clarification of these questions, we  present
ere the results of photoabsorption action spectroscopy experi-
ents performed on HBDI− ions trapped inside the Penning trap

f a Fourier-transform ion cyclotron resonance mass spectrometer
FTICR-MS) using low power, continuous-wave (CW) laser irradia-
ion.

. Experimental

The experimental setup for laser spectroscopy of gas-phase ions
as recently been described in detail [18]. HBDI− ions (m/z 215)
ere produced by electrospray ionization and then trapped inside

he ICR cell (base pressure = 5 × 10−9 mbar). Trapped ions were

xcited with discrete lines of an Ar+ ion laser (458, 476, 488, 496 and
02 nm). The laser excitation was started 10 s after the ion intro-
uction into the ICR cell to allow time to restore the base pressure.
he laser beam size was expanded to ca. 1.5 cm in diameter using

 lens system in order to ensure full overlap with the ion cloud
neutral SF6 gas to form SF6
− anion, which is detected by FTICR-MS (m/z 146); (c) in

the presence of SF6 gas only the parent HBDI− species are observed (m/z 215) when
the  laser is blocked, indicating that the SF6

− anions in (b) are specifically formed
from the reaction with electrons detached from HBDI.

(diam. ∼3 mm).  Depletion of the parent HBDI− ion signal in the
mass spectrum, I(m/z 215)/I0(m/z 215), was  monitored as a function
of the excitation wavelength [16]. The notation I(m/z x) is used here
and below refers to the ion intensity of the ions of species x in the
mass spectrum. An index ‘0’ is used to denote reference ion intensi-
ties obtained at zero laser irradiance over the same trapping time.
Every measurement was repeated five times. The limited number
of available wavelengths in our experiments does not allow us to
record dissociation spectra with high spectral resolution; however,
the position of the maximum can still be assessed.

In the electron capture experiments (Section 3.1), SF6 gas was
introduced into the ICR cell via a regulated mechanical leak valve,
and its pressure was maintained at 4 × 10−8 mbar over the entire
interval of laser exposure (2 min).

3. Results and discussion

3.1. Photodissociation pathways

Two major fragmentation channels exist for gas-phase HBDI−

when exposed to laser irradiation, neutral methyl loss (fragment
ion at m/z 200, Fig. 1a) and photoelectron detachment (ePD), in
agreement with the findings of Forbes and Jockusch [16]. To detect
the detached electrons we used SF6 buffer gas, which efficiently
traps low-energy electrons to form SF6

− [19] (peak at m/z  146,
Fig. 1b). No SF6

− ions were detected in a reference experiment in
which SF6 gas was  introduced, but the laser was  blocked (Fig. 1c).
It is worth noting that the operation of the ePD mechanism could
not be rigorously proven in earlier experiments, since neither the
detached electron nor the neutral product can be directly detected
in ion trap mass spectrometers [16]. Use of electron capture by SF6
is an elegant way  to circumvent this problem.
3.2. Power dependence of photodissociation

In order to investigate the effect of the laser irradiance on the
measured maximum of photodissociation for HBDI−, a series of
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Fig. 2. (a) Dependence of the fragmentation yield, Ф215 = 1 − I(m/z 215)/I0(m/z 215),
on  CW laser irradiance (I) for gas-phase HBDI− anions at different excitation wave-
lengths (violet, 458 nm;  dark blue, 476 nm;  cyan, 488 nm;  light green, 496 nm;
dark green, 502 nm). All the data points we obtained at a constant laser fluence
(F  = 43 mJ  cm−2), while the irradiance was  varied. In order to keep the laser fluence
constant, the increase in irradiance was  in each case compensated by a corre-
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ponding decrease in the exposure time (t) (e.g., 0.215 mW cm ·200 s = 43 mJ  cm ).
b) Wavelength dependence of photodissociation for gas-phase HBDI− obtained
pon exposure of trapped ions to CW laser irradiance of 0.215 (open circles) and
.194 mW cm−2 (closed circles) power over 200 and 36 s correspondingly.

easurements were performed in which laser irradiance (I) and
xposure time (t) were simultaneously varied such that a constant
aser fluence (F) was maintained, F = It = 43 mJ  cm−2. Under these
xperimental conditions, the final parent ion depletion is expected
o be independent of irradiance for a single photon process, while
t should grow with laser irradiance for a multiple-photon absorp-
ion process. Fig. 2a shows the dependence of the fragmentation
ield, Ф215 = 1 − I(m/z 215)/I0(m/z 215), for HBDI− on laser irradi-
nce for five different excitation wavelengths. The fragmentation
ields of HBDI− are also plotted as a function of excitation wave-
ength at two different values of irradiance, to obtain a spectral
rend representation (Fig. 2b).

The fragmentation yield in Fig. 2a clearly grows as a func-
ion of laser irradiance at each wavelength until it saturates near

215 = 1 (all the parent HBDI− ions are destroyed), indicating that
on fragmentation occurs mainly via multiple-photon absorption
see above). Note that data points obtained in the saturation regime
I > 2 mW cm−2 for 458, 476, and 488 nm in Fig. 2a) are indeed
o longer indicative of a dissociation rate law. As the laser irra-
iance is decreased, single-photon fragmentation becomes more
ronounced. This can be deduced from the decreasing slope of the
ragment yield vs. laser irradiance (Fig. 2a, dashed line). A non-
ero fragment yield of HBDI− is predicted even for vanishingly
ow laser irradiance (but infinitely long exposure time) at 458, 476
nd 488 nm (Fig. 2a), suggesting that the single-photon dissociation
hannel is accessible at these excitation wavelengths. In contrast,
xtrapolation of the fragment yield dependence at 496 and 502 nm
o zero irradiance yields a near-zero fragmentation rate, indicating
hat the energy of a single photon is below the threshold energy of
oth dissociation channels (ePD and methyl loss), in a good agree-
ent with the theoretical estimate (B3LYP/6-311+G**) of 2.5 eV

16].
The spectral trend obtained upon excitation with 1.2 mW cm−2

strong multiple-photon character) implies a dissociation maxi-
um  between 476 and 488 nm (Fig. 2b, solid circles), which is in

ery good agreement with the results of earlier photoabsorption

ction spectroscopy experiments [14,16]. Both the sharp edge of
he spectrum at ∼496 nm and the tailing to the blue agrees well
ith the observations by Forbes and Jockusch [16]. In their exper-

ments, trapped HBDI− ions were excited by a train of low-energy
ub-picosecond pulses (� = 130 fs; E = 50 pJ/pulse; Ptotal = 4 mW;
ss Spectrometry 306 (2011) 241– 245 243

�total = 250 ms). These authors also concluded that dissociation of
HBDI− mostly proceeded via multiple-photon absorption around
480 nm,  while single-photon dissociation was thought to be oper-
ating in the deep-blue region of the spectrum [16]. The close
agreement of the spectral representation obtained upon activation
with CW laser irradiance of 1.2 mW cm−2 with the results of pulsed-
excitation experiments reflects that multiple-photon absorption
governs the photofragmentation process under these conditions. In
other work, Andersen and coworkers induced dissociation of gas-
phase HBDI− ions trapped in a storage ring by a single laser pulse
of high energy (� = 3 ns, E = 1–2 mJ). In this work, it was reported
that HBDI− photodissociates as a result of single-photon absorp-
tion at 495 nm [15], which is quite surprising given the high peak
power of the excitation (∼0.5 MW).  The reason that their observa-
tions were interpreted as single-photon dissociation could be due
to the fact that the products of ePD were not observed to any appre-
ciable extent in the storage ring [16]. This was also proposed [16] to
account for the absence of the blue tailing in the spectrum recorded
by Andersen and coworkers [14,15].  Besides that, it was noted by
the authors that it was  exceedingly difficult to establish the correct
power dependence of the neutral yield in pulsed experiments [15].
In earlier work from the same group on the absorption of gas-phase
HBDI−, two-photon dissociation was  reported [14].

While the spectral profile recorded at 1.2 mW cm−2 excitation
laser irradiance shows a maximum at ca. 480 nm,  the depen-
dence recorded at 0.2 mW cm−2 reveals a gradual decrease from
458 to 488 nm (Fig. 2b, open circles). We  interpret this remark-
able difference between the two  profiles to be due to the large
contribution from single-photon dissociation upon excitation with
0.2 mW cm−2. Below we evaluate to what extent photodissociation
profiles obtained in the low- and high-power regimes are relevant
to the optical absorption of HBDI− in the gas phase.

3.3. Multiple-photon dissociation

Multiple-photon dissociation of HBDI− can proceed via a num-
ber of pathways. Below two  possible two-photon schemes are
considered as examples. It is worth noting, however, that the
absorption of more than two  photons can be involved in disso-
ciation, especially at higher laser fluences. Absorption of the first
photon promotes HBDI− to the first excited electronic state. The-
oretical calculations suggest that in the excited state HBDI− ions
assume a new, twisted, conformation [20]. Absorption of the sec-
ond photon, which induces dissociation, may therefore take place
from this new state. Alternatively, the excited electronic state of
HBDI− can be deactivated via internal conversion to a high vibra-
tional level of the ground electronic state. In the absence of efficient
collisional cooling in ultra-high vacuum, absorption of the second
photon can then occur from this vibrationally hot state. The latter
mechanism is supported by the observed pressure dependence of
multiple-photon dissociation kinetics for gas-phase HBDI− [21]. In
both cases considered, the observed dissociation spectrum contains
contributions from the ground-state absorption of HBDI− (first pho-
ton) as well as from the optical absorption of the state from which
the dissociative transition occurs (second photon); only the first
contribution is characteristic of the linear absorption of HBDI−. The
photoabsorption action spectrum of gas-phase HBDI− obtained by
Forbes and Jockusch using pulsed excitation consists of two  bands
with maxima at ∼480 nm and ∼450 nm [16]. The authors assigned
the 480 nm band to the S0 → S1 adiabatic transition and the one
at 450 nm to a highly active vibrational mode of the excited state

(+1450 cm ) [16]. The peak at 480 nm was  identified to result from
multiple-photon absorption, while a significant contribution from
single-photon dissociation to the second band was expected [16].

Based on the results presented here, the resonance around
480 nm present in the earlier action spectroscopy experiments
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ould alternatively be interpreted to be due to transition from the
wisted intermediate state or hot vibrational level of the ground
tate, as proposed above. If this is true, then the maxima in the
pectra obtained in the multiple-photon absorption regime can
e explained by a superposition of bands corresponding to the
0 → S1 as well as to the aforementioned transitions and is in this
ase not representative of vibronic structure of the linear absorp-
ion spectrum. In the condensed phase, the vibronic structure
f the electronic spectra for HBDI− can become quite distinct if
he cis–trans izomerization channels in the excited state are sup-
ressed, e.g., inside the protein at low temperatures [22] or in
ome glasses [17]. The suppression of isomerization in the excited
tate of HBDI− imposed by the restriction of rotational freedom
s also thought to be a key contributor to the high fluorescence
ield [22]. The fact that no fluorescence has been observed for gas-
hase HBDI− ions [16] suggests that the isomerization channel does
perate in the excited state, which should result in a solution-like,
nresolved spectrum at room temperature.

Another inevitable drawback of using multiple-photon disso-
iation as a probe of optical absorption for HBDI− is that different
issociation channels having both different power dependence and
pectral profiles operate simultaneously, i.e., single- and n-photon
issociation (Fig. 2b). The shape of the resulting dissociation spec-
rum becomes dependent on the excitation power in this case. At
igh power, the contribution of multiple-photon dissociation (n > 1)
ssociated with the band at 480 nm in the spectrum dominates [16].
t very low powers, the contribution from multiple-photon pro-
esses vanishes, and the maximum is shifted to lower wavelengths
Fig. 2b, open circles). Any intermediate spectral shape can result
rom varying the excitation laser power.

.4. Single-photon dissociation

The dissociation spectral profile obtained in the low-power
egime suggests an absorption maximum of gas-phase HBDI−

nions at shorter wavelengths than 476 nm (Fig. 2b, open cir-
les). Because of the discrete number of excitation wavelengths
n our experiments, we cannot conclude whether the maximum
ccurs between 458 and 476 nm or at even shorter wavelengths
<458 nm). Note that irradiation at � ≥ 496 nm cannot induce frag-

entation of gas-phase HBDI− ions in the single-photon regime,
ince the photon energy is below the dissociation threshold. The
ptical absorption of HBDI− thus cannot be derived from action
pectroscopy above � ≈ 496 nm,  which explains the apparent dis-
ontinuity in this data (Fig. 2b, open circles). The position of the
aximum (<476 nm)  is at least 20 nm away from the red edge of

he spectrum (>500 nm). This considerable shift suggests that the
bsorption maximum of HBDI− in the gas phase does not corre-
pond to the shortest adiabatic transition. The same phenomenon
as found for HBDI− both in solution and inside wt-GFP, based on

he results of fluorescence spectroscopy experiments carried out at
ifferent temperatures [17,22]. The fact that the shortest adiabatic
ransition is not the most intense in the spectrum is very impor-
ant, as it suggests a significant structural change between the
round and excited states [17], which is central in theoretical mod-
ls of ultrafast radiationless decay in HBDI [23]. The position of the
bsorption maximum for free HBDI− predicted in the low-power
egime is consistent with a maximum at ≈437 nm extrapolated
rom solution-phase data based on Kamlet–Taft fit [10]. For the
ingle-photon dissociation of HBDI− to be a reliable characteristic
f optical absorption, it is important that every photon absorbed

nduces dissociation with equal efficiency. This may  not be the
ase for HBDI−: dissociation (ePD or methyl loss) at 458 nm can
ccur faster than at 488 nm,  and therefore a part of the ions excited
t 488 nm will have sufficient time to undergo internal conver-
ion back to the ground state. In other words, the fragmentation
Fig. 3. (a) Yield of the HBDI fragment formed by the neutral methyl loss,
Ф200 = I(m/z 200)/I0(m/z 215), as a function of laser irradiance at 488 nm.  (b) Yield of
m/z  200 ions as a function of excitation wavelength in the low-power dissociation
mode (0.2 mW cm−2).

yield of HBDI− at 488 nm would underestimate the absorption
cross-section. Detailed knowledge of the time scales of ePD, neutral
methyl loss, and internal conversion pathways may be needed to
determine whether single-photon dissociation reliably reflects the
intrinsic optical absorption of HBDI−.

Unfortunately, HBDI− represents a very difficult case for ab ini-
tio methods. The results are extremely method-dependent. For
example, CASPT2 calculations with the same basis set (6-31G*)
and size of the CAS yielded an estimate for the vertical S0 → S1
transition energy of HBI− (HBDI− sans 2×CH3) of 2.63 (471 nm)
or ∼ 2.9 eV (428 nm)  [13], depending on the zero-order Hamilto-
nian employed. It is also noteworthy that the precision of CASSCF
calculations used to simulate the absorption spectrum of HBI− [20]
is greatly limited for a number of reasons, e.g., because correla-
tion effects in the HF wave functions are neglected. Accounting for
the correlation effects, however, would be important for reliably
predicting the excitation energy [24,25].  Most recent state-of-
the-art theoretical calculations utilizing different computational
algorithms (TDDFT, CASPT2, QMC) consistently predict a verti-
cal excitation energy of HBDI− around 2.9–3.0 eV (415–428 nm)
[13]. This estimate agrees reasonably well with the extrapola-
tion from solution-phase measurements (437 nm)  [10] and the
results of our action spectroscopy in the low-power regime
(<476 nm). To what extent available theoretical predictions take
into account the dissociative nature of the excited state is not yet
clear [26].

3.5. Spectral representation of dissociation channels

Fig. 3a demonstrates the yield of the fragment formed by the
neutral methyl loss, Ф200 = I(m/z 200)/I0(m/z 215), as a function of
laser irradiance at 488 nm.  It can be seen that the signal in the mass
spectrum corresponding to the fragment m/z 200 grows at low laser
irradiance while it starts to decay at higher irradiance. This obser-
vation is explained by the fact that the fragment at m/z 200 also
absorbs visible light and can also undergo ePD. When exposed to
laser irradiation, the number of parent HBDI− ions in the cell con-
tinuously decreases (Fig. 2a, cyan color), which results in slower
formation of the fragment, dI(m/z 200)/dt ∼ I(m/z 215). At some
point, the fragmentation rate of m/z 215 ions becomes lower than
the rate of ePD from m/z 200 ions, and the number of m/z 200 ions

starts to decrease. The dissociative nature of the fragment m/z 200
renders it difficult to precisely account for the contribution of the
ePD and neutral methyl loss dissociation channels in HBDI− in the
multiple-photon absorption regime. Thus, it is quite possible that
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he intensity of the band at 480 nm in the ePD spectrum reported
y Forbes and Jockusch [16] is exaggerated due to ePD from m/z
00 ions. It is worth noting that even at low powers, when the
arent HBDI− ions undergo single-photon dissociation, daughter

ons can still fragment on the time scale of the experiment due to
aster dissociation kinetics. Fig. 3b shows the yield of m/z 200 ions
s a function of excitation wavelength in the low-power dissocia-
ion mode (0.2 mW cm−2). The yield peaks around 480 nm,  which
s in agreement with the observation by Forbes and Jockusch [16].
he contribution of ePD to the fragmentation yield of HBDI− anions
an be calculated as ФePD = Ф215 − Ф200. In the low-power regime,
he photodissociation spectrum of HBDI− (Fig. 2b, open circles) is
argely dictated by ePD, which is a faster process than the methyl
oss. The relative contribution of ePD is particularly large at low
xcitation wavelengths (e.g., 458 nm). The contribution of methyl
oss becomes more notable at higher wavelengths (e.g., 488 nm),
robably because of decreasing efficiency for the competing ePD
hannel close to its energy threshold [16]. At higher excitation
avelengths (e.g., 496 and 502 nm), neither dissociation channel

an be accessed in the single-photon regime, and both ФePD and
200 rapidly approach zero – hence is the observed peak for Ф200

n Fig. 3b.

. Conclusions

The spectral trend of photodissociation of gas-phase HBDI− ions
eveals a clear dependence on excitation laser power. In our opin-
on, neither the single- nor the multiple-photon dissociation regime
an reliably represent the optical absorption spectrum of HBDI−.

hile the absorption predicted by photodissociation experiments
n the low-power regime is consistent with solution-phase obser-
ations, a better understanding of dissociation mechanisms is still
ecessary to validate the correlation between dissociation and opti-
al spectra.
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