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Abstract. We report on the ultraviolet photodis-
sociation (UVPD) chemistry of protonated tyro-
sine, iodotyrosine, and diiodotyrosine. Distonic
loss of the iodine creates a high-energy radical
at the aromatic ring that engages in hydrogen/
proton rearrangement chemistry. Based on
UVPD kinetics measurements, the appearance
of this radical is coincident with the UV irradiation
pulse (8 ns). Conversely, sequential UVPD prod-
uct ions exhibit metastable decay on ca. 100 ns

timescales. Infrared ion spectroscopy is capable of confirming putative structures of the rearrangement products
as proton transfers from the imine and β-carbon hydrogens. Potential energy surfaces for the various reaction
pathways indicate that the rearrangement chemistry is highly complex, compatible with a cascade of rearrange-
ments, and that there is no preferred rearrangement pathway even in small molecular systems like these.
Keywords: UVPD, Kinetics, IRMPD spectroscopy, DFT, Metastable decay

Received: 26 February 2018/Revised: 21 March 2018/Accepted: 1 April 2018/Published Online: 29 May 2018

Introduction

It is well documented that radical dissociation chemistry can
be useful in sequencing mass spectrometry, as the fragmen-

tation process gives rise to efficient backbone cleavages, while
at the same time conserving information on labile groups, such
as post-translational modifications (PTMs) in peptides and pro-
teins [1]. The growth in electron capture dissociation (ECD) [2,

3] and later electron transfer dissociation (ETD) [4, 5] is linked
to their contributions for enhanced sequencing capabilities in
mass spectrometry, especially in proteomics.

More recently, ultraviolet photodissociation (UVPD) has
gained attention as an ion activation technique [6–11], even if
its first implementation dates three decades ago [12, 13]. In
UVPD, an ion is electronically excited with photons from an
intense light source, usually a laser. The dissociation chemistry
that takes place is often different and generally more selective
than simply Bheating^ up the ions by collisions or infrared
photons. For instance, preferred bond cleavages at disulfide
bonds [11] and preferential backbone cleavages, as opposed to
the loss of fragile side-chain groups [6], are all testament to the
different dissociation pathways that can be accessed via elec-
tronic excitation. While the exact mechanism remains a matter
of debate [14], the fragmentation chemistry in UVPD has
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similarities with processes observed in the radical-driven ECD
and ETD [15, 16].

UVPD in principle presents some more unique characteris-
tics that may aid a mechanistic understanding. Ion activation
takes place at a well-defined time (on a nanosecond timescale)
and therefore lends itself to kinetic studies. Moreover, the
incorporation of photolabile groups, such as C–I bonds, can
give rise to photolysis and generation of a radical species at a
known site [17]. It should be noted that in some molecular
systems, radical ions can be generated by collisional activation
as well [18–22]. Nonetheless, UV activation is generally more
specific, since from a photophysics perspective, the absorption
of a UV photon initially accesses a bound singlet ππ* state,
followed by curve crossing to a dissociative triplet πσ* state
localized on the C–I bond [23]. As pioneered by Ryan Julian,
winner of the 2017 Biemann Medal, and in whose honor this
special issue is dedicated, UVPD of iodotyrosine leads rise to
efficient distonic cleavage of the C–I bond (see Scheme 1) [8].
This radical can then undergo radical rearrangement reactions
to drive subsequent dissociation chemistry in so-called radical-
directed dissociation (RDD) [9]. Since fragmentation occurs on
the peptide backbone, it is generally thought that this is pre-
ceded by hydrogen abstraction of one of the backbone
hydrogens.

Structural insights into the reaction chemistry of radical ions
can come from action spectroscopy techniques, such as infra-
red multiple photon dissociation (IRMPD) spectroscopy [24]
and UV spectroscopy [25]. The hydrogen stretching region in
particular can give insights into hydrogen atom/proton rear-
rangements [26, 27], while UV spectroscopy can probe the
generation [28, 29] and/or the structures of radical species
[30, 31].

The aim of this study is to explore the UVPD frag-
mentation chemistry of the simple related molecular sys-
tems tyrosine, iodotyrosine, and diiodotyrosine, in their
protonated forms. Experimentally derived fragmentation
kinetics and infrared spectra of the product ions, in
combination with a theoretical investigation of the poten-
tial energy surfaces of putative rearrangement reactions,
yield mechanistic insights into the reactions that take
place.

Experimental and Theoretical Methods
Mass Spectrometry

The chemicals tyrosine, iodotyrosine, and diiodotyrosine come
from commercial sources (Sigma Aldrich, St. Louis, MO).
Electrospray ionization (ESI) solutions of 10−4 M are dissolved
in H2O:CH3OH:HCOOH (49:49:2). These solutions are intro-
duced into a custom mass spectrometer described previously
[32, 33]. ESI-generated ions are accumulated in a hexapole,
prior to extraction via a quadrupole mass filter (QMF) for mass
selection, and subsequent introduction into a quadrupole ion
trap (QIT). Here, ions can be trapped for variable periods of
time, prior to pulsed extraction into a time-of-flight (ToF) drift
tube for mass analysis. The UVPD and infrared multiple pho-
ton dissociation (IRMPD) spectroscopy experiments conduct-
ed on the ions in the QIT are described below.

UVPD

Mass-selected precursor ions are subjected to one intense pulse
(8 ns, 7 mJ) from an ArF excimer laser at a fixed wavelength of
193 nm (GAM, Model EX5-1000 Hz, Orlando, FL). The time
delay (ΔT) between laser irradiation and extraction of the ions
into the ToF drift tube is controlled and monitored using the
setup depicted in Fig. 1, described in detail below. The reason
for this complicated time control setup is the considerable time
jitter in triggering the laser and ion extraction. In order to obtain
UVPD mass spectra at a high time precision (i.e., resolved on a
nanosecond timescale), each mass spectrum with its corre-
sponding ΔT must be recorded separately. Mass spectra are
then later binned together in ΔT time steps ± 5 ns, so that
averaged mass spectra (i.e., at least 100 averages) with a higher
signal-to-noise (S/N) can be visualized.

The sequence of events in Fig. 1 is as follows. A delay
generator (Stanford Research Systems, DS645) is triggered by
a LabView program from the computer workstation. Two
outgoing pulses (orange) then trigger both the ArF excimer
laser and rf power supply that drives the QIT. A photodiode
(Electro-Optics Technology Inc., Traverse City, MI) is used to
track the UV laser pulse output (purple), which is recorded
(red) by an oscilloscope (Rigol Technology Inc., Beaverton,
OR). When triggering the rf power supply (Jordan ToF Prod-
ucts, Grass Valley, CA), the rf amplitude is quickly dampened
(~ 1 cycle), which then triggers application of high DC voltages
on both entrance (+ 900 V) and exit (− 900 V) electrodes on the
QIT, for extracting the ions into the ToF drift tube. The appli-
cation of this extraction voltage (green) is recorded by the
oscilloscope. The time difference between laser irradiation
(red) and ion extraction (green) into the ToF, ΔT (blue), is
finally communicated to the LabView software on the comput-
er workstation, along with the corresponding digitized UVPD
mass spectrum from the ToF mass analyzer (black). Note that
the time resolution of the ΔT measurement is ± 1 ns, and it is
limited by the digitization rate of the oscilloscope (i.e., Gs/s for
all channels, so 500Ms/s for two channels).

Scheme 1. Generation of radical site at known location via
distonic cleavage of photolabile C–I bond
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IRMPD Spectroscopy

UVPD product ions that are stable on longer timescales are
mass isolated inside the QIT using the apex isolation method
[33], where a DC voltage is applied to the ring electrode (for
30 ms). After a further cool-down delay (~ 50 ms), the selected
UVPD product is irradiated with the tunable output from an
optical parametric oscillator/amplifier (OPO/A) (Laser Vision,
Bellevue,WA), followed by extraction of the remaining UVPD
product ion and its IRMPD photofragments. This procedure is
repeated for a range of IRwavelengths. By plotting the IRMPD
yield as a function of OPO/A wavelength, the IRMPD spec-
trum of an ion can be obtained [34, 35].

Quantum Chemical Calculations

The structures corresponding to stationary points on the poten-
tial energy surfaces (PESs) are computed using the B3LYP
DFT functional [36, 37] and the 6-311++G** basis set [38, 39].
The zero-point vibrational energy (ZPE) corrections are also
performed at the B3LYP/6-311++G** level of theory. The
calculations utilize spin-polarized Kohn-Sham reference states,
using the NWChem program [40].

The stationary point structures have been connected through
intrinsic reaction coordinates that involve one-step and, for the
most part, energetically feasible processes: 1,3-proton shifts, bond
rotations, and metastable ring formations (in case of some first-
order saddle points). The common energy reference point for all
three pathways is the rotational isomer (formed by rotation around
the phenol O–H bond at the aromatic ring) of the protonated
radical expected to form immediately after the distonic I● loss.

For the comparison to the experimental IRMPD spectra,
frequency calculations of putative candidate structures are car-
ried out at the B3LYP/6-31+G* level of theory for the same
minima found at the B3LYP/6-311++G** level. As shown in a
similar study on protonated tryptophan [41] and previously on
tryptamine [42], this level of theory in combination with rec-
ommended scaling factors for OH (0.976), NH (0.959), and CH
(0.961), was able to closely reproduce the experimental band
positions.

Results and Discussion
Overview of Photodissociation Pathways

Putative fragmentation pathways of the related protonated mol-
ecules tyrosine, iodotyrosine, and diodotyrosine are summa-
rized in Scheme 2. This scheme is not meant to be a compre-
hensive summary of all of the competing fragmentation path-
ways. Rather, the scheme illustrates that there may be a number
of competing and sequential fragmentation pathways. The loss
of H2O and CO has been studied in detail previously by Siu and
co-workers [43], indicating that this likely takes place as a
concomitant loss of both neutral molecules (shown mechanis-
tically for H2O and CO loss in tyrosine). Assuming that a single
UV photon at 193 nm is absorbed, this corresponds to a total
energy of 6.42 eV (148 kcal/mol, 620 kJ/mol). This is in excess
of an estimated C–I bond energy on the order of ~ 280 kJ/mol
(67 kcal/mol) [44] and an activation barrier of ~ 36 kcal/mol
(151 kJ/mol) for the concomitant H2O and CO loss [43, 45]. In
fact, even the energy of a 266-nm photon (4.66 eV, 107 kcal/

Figure 1. Schematic of the setup to control andmonitor the time delay between laser irradiation and ion extraction from theQIT into
the ToF drift tube
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mol, 450 kJ/mol) is (slightly) in excess of these photodissoci-
ation pathways, even though this is not studied here.

Metastable Fragmentation

In order to get an understanding of the sequential nature of
the fragmentation chemistry, it can be insightful to consider
changing the timescale of ion detection relative to laser-
induced photodissociation. Figure 2 shows the UVPD mass
spectra of protonated diiodotyrosine at different delay times
between laser irradiation and QIT ion extraction, namely
10 ns and 10 ms. There are appreciable differences between
both UVPD mass spectra, which are indicative of photodis-
sociation chemistry that takes place at longer timescales (i.e,
μs and ms). Some effects are trivial, such as the appearance
of lower m/z ions in the 10 ns UVPD mass spectrum. These
ions are at q values that are too large to be trapped and thus

will not appear in the 10 ms UVPD mass spectrum. As a
sidenote, not all ions observed arise from UVPD, as photo-
ionization of neutral background molecules also contributes
to the mass spectrum. Other trends are more telling about
the sequential dissociation chemistry. For instance, the m/z
307 UVPD product, which results from iodine loss from
diiodotyrosine, appears at short times (10 ns), but almost
disappears in the 10 ms UVPD mass spectrum. This sug-
gests that m/z 307 is an initial UVPD product that then
subsequently dissociates to consecutive products. A time-
scale of 10 ms is considered to be long on a dissociation
dynamics timescale [46]. If the photodissociation takes
place on lifetimes of μs or even ns, and thus on the time-
scales of ToF mass separations, this would be considered
metastable fragmentation. Metastable processes are known
to have an effect on the ToF peak shapes in UVPD [47], as
well as mass detection in ion traps [48].

Scheme 2. Putative fragmentation pathways of protonated diiodotyrosine, iodotyrosine, and tyrosine
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Figure 3 shows the ToF distributions of the precursor m/z
434, as well as the photofragments m/z 307 and 261, for
different ΔT delay times. As the precursor never changes in
m/z, its ToF distribution is independent of ΔT. Conversely, for
the photofragment m/z 261, there are considerable differences
in the ToF distributions, with small ΔTs (90 ns) showing
asymmetric peak shapes with long tails. These tails result from
metastable dissociation. As a precursor ion is excited by UV
photons, it may photodissociate during ion extraction/acceler-
ation. This effectively means that the ion is accelerated for
some time as the precursor ion, but after fragmentation, it is
accelerated as the fragment ion. As the precursor ion is higher
in mass, the resulting velocity of the photofragment is lower
than it would be if it were the photofragment for the whole
duration of the acceleration. It follows that those metastable
ions have later arrival times at the detector, giving rise to the tail
at longer ToFs. Interestingly, the UVPD product m/z 307 does
not seem to indicate any metastable fragmentation, which
suggests that its fragmentation is very fast, faster than the ns

time resolution that can be achieved here. In other words,
UVPD to m/z 307 must be considered instantaneous on the
timescale of the experiment, and this is consistent with the
ultrafast dissociation dynamics of iodobenzene (< ps) [49].
The ToF distributions for the UVPD products m/z 180 and
134 are shown in the Supplementary Materials (Fig. S1). The
S/N for those mass spectra is somewhat lower, given their
lower yields. Nonetheless, evidence for metastable decay can
be discerned.

Simulating the ToF distributions in a reflectron ToF mass
analyzer is not trivial, as there are many contributing factors
(e.g., initial KE distribution, kinetic energy release, dissociation
lifetime, and reflectron settings) [47]. Instead, we will employ a
more visual approach to analyze ToF distributions. It is expect-
ed that the asymmetry of the ToF peak, which is due to the
metastable population, is maximized at short ΔT. Conversely,
the metastable contribution should decrease to zero at long ΔT,
leading to a fully symmetric peak. By taking the central line
around the symmetric ToF distribution at long times (i.e., at
ΔT = 10 ms) as a reference, we can define left and right parts of
the peak. For symmetric peaks, the percentage ratio right/(left +
right) = 50%, whereas for asymmetric peaks with metastable
population, the percentage ratio right/(left + right) > 50% (see
inset Fig. 3).

Figure 4 shows the plot of the right/(left + right) percentage
ratio as a function of ΔT. Some ratios start off at values > 50%,
but then decrease to 50% for larger values of ΔT. This is
consistent with the anticipated trends that when ΔT is in-
creased, more ions fragment prior to ion extraction, meaning
that the relative fraction of the metastable population decreases,
and the percentage ratio right/(left + right) approaches 50%. As
a control, the ratio for the precursor ionm/z 434 always stays at
50% (as would in fact be expected). Similarly, the percentage
ratio for the iodine loss UVPD product (at m/z 307) also
remains at 50% throughout. This again confirms that this
photodissociation channel is very fast. The photofragments at
m/z 261, 180, and 134 all exhibit asymmetric peak shapes for
hundreds of ns. While the standard deviations are appreciable,
the trend lines unambiguously decrease over time, approaching
50% asymptotically. The intermediate fragments, m/z 180 and
261, have very similar trend lines, whereas the smallest UVPD
product, m/z 134, displays a less steep curve, indicative of a
slower metastable dissociation behavior. This is consistent with
m/z 134 being a sequential dissociation product from either the
m/z 180 and 261 products (Scheme 2).

While these time plots are instructive to distinguish between
faster and slower processes, one should not overinterpret the
data to extrapolate lifetimes for the slower UVPD processes.
The maximum-attainable percentage ratio in Fig. 4 is/are de-
pendent on the lifetime(s) of the photodissociation process(es),
the mass shift (upon fragmentation), and the many experimen-
tal variables (acceleration voltages, reflectron settings). Even
more importantly, it is debatable how this type of kinetic data
would fit into the larger picture of UVPD dissociation dynam-
ics. In the present experiments, the UVPD ion signal needed to
be maximized for S/N considerations, and thus the photon flux

Figure 2. UVPDmass spectra of protonated diiodotyrosine for
time delay between laser irradiation and ion extraction ΔT =
10 ns and ΔT = 10 ms
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is too large to obey a single-photon absorption regime. In other
words, precursor ions may absorb a different number of pho-
tons (one, two, or even more), giving rise to very broad energy
distributions, and thus cannot satisfy single kinetic rate condi-
tions. The experimental data largely corroborates this hypoth-
esis. The UVPD dissociation dynamics span orders of magni-
tude in time. All UVPD product channels are observed even at
very small time delays (see ΔT = 10 ns, Fig. 2), so in fact the
appearance of these fragments is coincident with UV irradia-
tion. Some fragments display metastable dissociation on the
hundreds of ns timescales, but their yields increase even further
on the μs and ms timescales. This type of behavior is

compatible with an evaporative ensemble [50], where progres-
sively the photodissociation dynamics of cooler ions are
probed.

IRMPD Spectroscopy

In the UVPD chemistry in Scheme 2, three related UVPD
products are generated from either precursor, the closed-shell
fragment m/z 136, the radical fragment m/z 135, and the nom-
inal biradical at m/z 134. We will investigate the structures of
these product ions based on experimental IRMPD spectra that
are compared to theoretical calculations of putative structures.

Figure 5 summarizes the experimental results and shows the
identified rearrangement structures based on a match of their
computed IR spectra with the experiment. The detailed poten-
tial energy surfaces (PESs) for these hydrogen atom/proton
rearrangements will be discussed further below.

For the closed-shell m/z 136 product ion, the fairly simple
hydrogen stretching pattern of three bands matches the putative
structure fairly well. The spectrum consists of the free phenol
OH stretch at 3650 cm−1, an asymmetric NH2

+ stretch at
3445 cm−1, and a symmetric NH2

+ stretch at 3250 cm−1. Note
that in this case, the structure of the product ion is unambigu-
ous, and the purpose of this control experiment is exclusively to
observe how closely theory is able to match experiment. In Fig.
S2 in the Supplementary Materials, the different basis sets 6-
311++G** and 6-31+G* are contrasted in terms of their match
with the experiment. For 6-311++G**, a recommended uni-
form scaling factor (0.9689) is employed [51], as opposed to
individual scaling factors for OH (0.976) and NH (0.959) in the
case of 6-31+G*. The match for the larger basis set is very
poor, and it would be difficult to confirm the structure in this
way. Conversely, the match for 6-31+G* is much better, as also

Figure 3. ToF peaks for m/z 261, 307, and 434 at different time delays ΔT (90–590 ns). Inset on the right schematically shows
symmetry and asymmetry of ToF distribution depending on the presence of metastable decay. Red dashed line indicates reference
ToF for symmetric peak at ΔT = 10 ms.

Figure 4. Right/(left + right) percentage ratios as a function of
ΔT for the precursor m/z 434, and various UVPD product ions,
at m/z 134, 180, 261, and 307
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Figure 5. Comparison of experimental IRMPD spectral for UVPD products m/z 136, 135, and 134 with matched computed
structures and IR spectra. Stick structures indicate proton rearrangements, resonance stabilization, and relative energies. Band
assignments are indicated by color coding
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shown in previous studies [41, 42]. This is an only too common
observation for DFT, where larger basis sets do not necessarily
translate into a better match with experiment.

The bottom IRMPD spectrum for the nominal biradical m/z
134 product is surprisingly simple, exhibiting only two exper-
imental bands. This simple pattern is reproduced by a putative
rearrangement structure, involving two proton transfers, an
imine hydrogen, and a β-C hydrogen. In the resulting structure,
the π electron cloud is fully delocalized over the whole mole-
cule (due to hydrogen abstraction from the β-C), and the
structure is planar. The phenol OH stretch is now redshifted
to 3600 cm−1, which is consistent with the charge being
delocalized on the aromatic ring. Moreover, the appearance
of a single NH stretch at 3450 cm−1 is decidedly consistent
with the proposed structure. Energetically, the double proton
rearrangement structure is significantly favored (−82.9 kcal/
mol). Note that the relative energy uses the triplet radical as a
precursor, rather than the singlet state. As shown in Fig. S3 in
the Supplementary Materials, though the singlet is lower in
energy in this case, it involves a loss of aromaticity, due to a
rearrangement of the ring structure. Such a non-aromatic struc-
ture may preclude proton rearrangements. At this point, it is an
open question whether a biradical structure is really formed, or
whether the sequence of events involves distonic I● loss,
followed by proton transfer, followed by another distonic I●

loss and proton transfer.
The middle IRMPD spectrum of the single radical m/z 135

product ion displays the largest number of features, which
cannot be reconciled with a single structure. Thus, two proton
rearrangement product ion structures are proposed, involving
either transfer of an imine hydrogen (structure A), or transfer of
a β-C hydrogen (structure B). A mixture of these product ion
structures can rationalize appearance of the bands at 3320,
3420, and 3505 cm−1, respectively being assigned to the imine
NH stretch, symmetric NH2

+ stretch, and asymmetric NH2
+

stretch. The redshifted phenol OH stretch at 3600 cm−1 is again
indicative of the charge being delocalized on the aromatic ring.
Note on this point that in structure A, the charge is delocalized
over the aromatic ring, whereas in structure B, it is delocalized
over the whole molecule, thus explaining the more blueshifted
OH stretch in B.

Computed Rearrangement Pathways

While proton migration from the protonated imine group
is easy to rationalize, the proton/hydrogen atom transfer
from the β-C is arguably not as straightforward to un-
derstand. In the latter case, it may be a question of
semantics as to whether to call these transfers proton or
hydrogen atom migrations. For the purpose of simplicity,
we will refer to these rearrangements as proton rear-
rangements, as a proton migrates either with or without
corresponding transfer of electron density.

In this very simple molecular system, it is conceivable that
there would be a preferred rearrangement pathway. Figure 6
summarizes three pathways to rationalize the appearance of the

experimentally confirmed structures A and B (Fig. 5). The
various protons are color-coded to make it easier to follow
various rearrangement pathways. The detailed potential energy
surfaces (PESs) for these rearrangement pathways are given in
the Supporting Information in Figs. S4–S6, and information on
the absolute energies of these structures can be found in
Table S1.

In the first pathway, the phenol proton is first transferred to
occupy the radical site on the aromatic ring (as originally
suggested in the literature [8]). An imine proton then migrates
to replenish the phenol OH, leading to structure A. A 1,3-shift-
type isomerization reaction, involving a proton transfer from
the β-C to the imine, could then rationalize appearance of
structure B. In the case of pathway 1, while there are practically
equivalent pathways through combination of rotation around
the C–C bond in the side-chain and the transfer of a proton
from the phenol O to the C (from the distonically cleaved C–I
bond) in the aromatic ring, two differing sub-paths to product A
appear (see Fig. S4, Supplementary Materials). One is through
the direct proton transfer, via significant distortion of the aro-
matic ring, between the protonated amine N and the phenoxy O
through a transition state involving seven members (21.9 kcal/
mol). The second occurs through unstable saturation of one of
the carbons in the aromatic ring (46.5 kcal/mol). The first sub-
pathway is energetically favorable by ~ 25 kcal/mol, involves
one less intermediate, and is therefore expected to be dominant.
The 1,3-shift isomerization proceeds via transfer first to the α-
C, then the NH group. Structure B consists of all-sp2 hybridized
carbons, and thus the charge is delocalized over the entire
molecule in a planar configuration. This also explains the very
favorable energetics of structure B.

In pathway 2, there is a nearly direct transfer of the imine
proton to the radical site on the aromatic ring via the π cloud on
the aromatic ring (Fig. S5, Supplementary Materials). This is
achieved by bending the imine chain, and thus structure A is
formed directly. An alternative transition state (44.7 kcal/mol),
involving the migrating proton between the two aromatic car-
bons, could not be confirmed. Once again, a 1,3-shift-type
isomerization could explain the appearance of structure B. In
pathway 3, a β-carbon proton is able to effectively Bhop^ on the
aromatic ring to the radical site (Fig. S6). Such a mechanism
could explain structure B, but not structure A. Surprisingly,
mechanism 3 exhibits the lowest barriers overall.

Because all the distinct reaction pathways involve activation
barriers of similar magnitude (each pathway has at least one
activation barrier of ~ 40 ± 3 kcal/mol), none of the pathways
are expected to be energetically preferred for the intra-
molecular proton migration, and it is conceivable that all path-
ways operate in parallel. As pathway 3 cannot rationalize the
appearance of structure A, pathways 1 and/or 2 are required.
The considerable barrier in the 1,3-shift isomerization reaction
(in pathways 1 and 2) is compatible with the fact that both
structures A and B are observed. For a sizeable fraction of the
ion population, there would be insufficient internal energy to
overcome this barrier, and thus structure A would be the end
point of the reaction.
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Figure 6. Summary of proton rearrangement pathways, showing key transition states and intermediate products. More detailed
pathways are given in Supplementary Materials (Fig. S4–S6)
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Conclusions
This study has focused on a mechanistic understanding of the
dissociation chemistry of iodinated tyrosine systems under
ultraviolet irradiation. By controlling the time delay between
UV irradiation and ion extraction into a ToF drift tube, some of
the qualitative kinetics of UVPD can be teased out on ns
timescales. It is thus confirmed that the distonic I● loss is
extremely fast (occurring within the UV irradiation pulse).
Conversely, a consecutive I● loss and/or concomitant neutral
losses (i.e., H2O and CO) show up as metastable decay, leading
to asymmetric ToF peak shapes. IRMPD spectra of related
UVPD product ions exhibit distinct NH stretching signatures
in the hydrogen stretching region, verifying which rearrange-
ment reactions took place. In diiodotyrosine, where two radical
sites are generated on the aromatic ring, two proton transfers
occur, involving one of the imine hydrogens and one of the β-C
hydrogens. In iodotyrosine, where one radical site is created on
the aromatic ring, two structures are observed, involving either
transfer of an imine or of a β-C hydrogen. Based on computed
potential energy surfaces, it is sobering to note, however, that
even in these simple molecular systems, multiple reaction
pathways may be at play. This suggests that the fragmentation
chemistry in UVPD of larger peptides or even proteins is
extremely complex, likely resulting in a cascade of rearrange-
ment reactions.
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