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I. DELAY-DEPENDENT ION MOMENTUM DISTRIBUTIONS

Figure 1 of the main manuscript shows delay-dependent ion momentum distributions following subtracting of
averaged UV-late data. Fig S1 presents the equivalent data without any background subtraction. As can be seen,
probe-only signal present at all delays is only significant in the I?* ion. For higher iodine charge states, there is
limited ion production (particularly in the <300 a.u. momentum region) in the probe-only (or UV-late) case.

Figure S2 presents the same data as Fig. S1, but zoomed into low ion momentum and pump-probe delays close to
time-zero. This is to highlight the delay-dependent shifts of low momentum (Channel II) ions from 1-IP as a function
of pump-probe delay, as discussed in the main text.

Figure S3 displays delay-dependent momentum distributions associated with Channel II plotted as a series of
lineouts, again to show delay-dependent shifts present in 1-IP in another representation.

Figure 3 of the main text compares the asymptotic KER distribution of Channel II ions from I** to literature
measurements of the KER distributions associated with photodissociation in 1-/2-IP [1, 2]. While the I** ion was
chosen for this comparison, we would expect to see the same asymptotic KER distribution in this channel for each ion,
as the KER of these ions should be determined solely by the UV-induced photodissociation. These KER distributions
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FIG. S1. Comparison of delay-dependent momentum (in atomic units of momentum, a.u.) distributions for I"* ions (n=2,4,5,6),
where positive delays corresponds to the UV pump arriving before the XUV probe, and vice versa. Data for each charge state
are plotted on individually-normalised colour scales. No background subtracting has been applied to these data.

for each iodine charge state from both isomers are compared in S4. As expected, there is very little difference between
the iodine charge states. The I6T ion appears to be a slight outlier, particularly in 1-IP, but this is, at least partly,
due to the relatively low statistics in this ion.
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FIG. S2. Comparison of delay-dependent momentum (in atomic units of momentum, a.u.) distributions for I"* ions (n=2,4,5,6),
where positive delays corresponds to the UV pump arriving before the XUV probe, and vice versa. Data for each charge state are
plotted on individually-normalised colour scales. No background subtracting has been applied to these data. These plots have
been zoomed in to low absolute momentum and short pump-probe delays, to better highlight the delay-dependent momentum
of Channel II ions in 1-IP.
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FIG. S3. Comparison of delay-dependent momentum (in atomic units of momentum, a.u.) distributions for I"* ions (n=2,3,4,5),
focussing on the Channel II feature at early pump-probe delays. Data for different pump-probe delay bins are individually
plotted and colour-coded as labelled.
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FIG. S4. Comparison of asymptotic KER distributions for Channel II I"" ions (n=2,4,5,6) from 1- and 2-IP, obtained by
integrating data between pump-probe delays of +300fs and +1000fs. Equivalent data for the I** case is shown in Fig. 3 of
the main text.



II. CHARGE TRANSFER DYNAMICS
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FIG. S5. Delay-dependent yields of low-momenta (40 a.u.<p<90a.u.) I"* (n=2-6) ions from 1-IP (blue) and 2-IP (red). As in
Figure 4a) of the main manuscript, the data for 2-IP and 1-IP are vertically offset for visual clarity.

Figure 4a) of the main text shows the delay-dependent counts of low momentum (Channel II) I** ions from 1-IP
and 2-IP, alongside fits to the experimental data using a normal CDF. Figure S6 shows the equivalent data for all I"*
charge states (n=2-5). In all cases, a fairly sharp increase in intensity is observed shortly after time-zero, and this
increase is well captured by the CDF fits.

As discussed in the main text, we choose to analyze the centres of the CDF fits relative to the fitted centre for
the I?* ion. As adopted in previous work [3], this is in order to negate ambiguity regarding the precise assignment
of time-zero, which has an associated uncertainty and may not be exactly the same between the data collected for
the two isomers. Figure S7 presents the fitted centres without such shifting. It can be seen that the fitted centres
are similar between the two isomers, with the I?t yield rising at slightly earlier delays in 1-IP than 2-IP. There is,
however, a ~30-40 fs offset between the experimental data and the predictions from the OTB model. Without a more
reliable way to determine time-zero from the experimental data it is difficult to comment whether this offset comes
from a slight error in the assignment of time-zero or due to deviations in the true CT behaviour from that predicted
by the simple modelling.

Our previous work on 2-IP [4] focussed on signal arising from CT and subsequent Coulombic repulsion at early pump-
probe delays (Channel I). As mentioned in the main text, the momentum distributions associated with this feature
appear to be laregely isomer independent. This can be seen in Figure S5, which compares Channel I momentum
distributions from 1-IP and 2-IP for each iodine ion charge state. Within experimental uncertainty there are no
substantial differences. In the 1>t (and perhaps I**) case it appears that the ions from 2-IP case have a slightly
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FIG. S6. Fitted time centres, tcpr, from CDF fits to the low-momentum I"* (n=2-6) yields from 1-IP (blue) and 2-IP (red).
As described in the main text, comparison to a simple prediction from the classical OTB model are plotted as solid lines. Here,
the data have not been subtracted by the value for 12+,
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FIG. S7. Comparison of momentum distributions for Channel I I"* ions (n=2,4,5,6) from 1-IP (blue) and 2-IP (red), obtained
by integrating data between pump-probe delays of +0fs and 4300 fs, following subtraction of UV-late data (-300fs to -100 fs).

higher momentum on average, but it is difficult to comment on the significance of this.



IIT. UV-INDUCED HI MODELLING

As discussed the main text, the modelling of the photoinduced HI elimination signatures in the I* ion, and the
extraction of a branching ratio for this process, are dependent on the assumed KER distribution associated with the
HI elimination step, and the KER of the subsequent Coulomb explosion of HI into H* + I*. For 2-IP, the KER
distribution associated with UV-induced HI elimination has been measured and reported recently [1], and so this was
used in the modelling. No such distribution for the (potential /hypothetical) HI elimination channel from 1-IP has been
reported, and so instead the KER distribution of the ground state I atom photodissociation channel from 1-IP was
used. This is a reasonable approximation, given the reported KER distributions for HI elimination and ground state
I atom dissociation in 2-IP closely resemble one another. However, to examine the role of the precise HI elimination
KER distribution assumed, we also extracted branching ratios using the reported literature KER distribution for I*
photodissociation from 1-IP[1]. We also explored the dependence of the extracted branching ratios on the precise
KER distribution assumed for the HI Coulomb explosion step. These results are summarized in Table S1. It can be
seen that these changes in the modelling have very minor effects on the branching ratios ultimately extracted.

One should also be aware of the caveats used in the present modelling and interpretation of the delay-dependent
I signals (which were only analysed in detail in light of the recent report of the HI elimination chanmnel). For
instance, the current analysis assumes that delay-dependent changes in the IT momentum distribution would occur
only from depletion of XUV-only channels (Process 1) or from the Coulomb explosion of HI?* (Process 2). This
would exclude any possible signal from UV-induced C-I cleavage (to atomic iodine and propyl radical), followed by
single valence ionization by the XUV pulse. This is justified on the basis that firstly the valence ionization cross-
section is much smaller than the I 4d cross-section [5], and that any weak contribution from this process is expected
to be similar between the two isomers. Similarly, the production of I* ions from Coulomb explosion of bound,
but photoexcited molecules is neglected. This is reasonable as the potentials populated following single-photon UV
absorption are directly dissociative along the C-I coordinate, and any contributions from potentially-bound Rydberg
states populated by two-photon absorption are expect to be minor due to the low UV fluences adopted. Multiphoton
dissociative ionization processes are also neglected. UV-only measurements show that firstly this is a very small
channel, and more importantly, the I™ ions produced predominantly have lower momenta than the regions-of-interest
considered here. Finally, changes in the properties of the FEL pulses (e.g. total pulse energies) with pump-probe delay
could yield changes in the shape of the IT momentum distribution, which could differ between the two datasets. As
the datasets were recorded by rapidly and repeatedly scanning the pump-probe laser delay, we expect any potential
drifts in the FEL conditions over acquisition time would be distributed fairly equally across the pump-probe delays.
Additionally, measurements from an upstream pulse energy diagnostic show that, in the data recorded for both
molecules, the mean FEL pulse energy is approximately constant (within a few percent) over the pump-probe delays
considered.

One of the largest unknowns for the current modelling is how the propensity for Coulomb explosion into It varies
between parent molecule and the HI fragment under the employed XUV fluence. For the HI fragment, this is
somewhat simplified as HI?t is the only multiply charged state that can dissociate to yield IT. Previous studies
on the double ionization of HI have shown that the lowest-lying electronic states of the HI dication (with 72
configurations) are stable with respect to dissociation [6, 7], reflecting a trend of increased stability as the HX?** series
is descended [8]. However, high-lying states (with 77 !o0~! and 0~2 configurations) are directly dissociative, yielding
HT+IT. We are unaware of detailed studies of the fragmentation dynamics of HI molecules following I 4d inner-shell
ionization. However, we do note that reported HI AM spectra recorded at the I 4d pre-edge were dominated by
the dissociative m~1o~! states [9] and these states are significantly populated in HBr following Br 3d ionization [10].
H* KE distributions from HBr?* show significant contributions at ~7eV KER originating from these 710! states
[11]. Even if the dynamics following I 4d ionization were better understood for (cold, equilibrium) HI, the present

HI CE KER Distribution 2-IP (HI[1]) 1-IP (I[1]) 1-IP (1*[1])
p=4 eV, 0=0.5 eV 5.5+1.2% 0.9+1.8% 0.9+1.7%
p=4 eV, o=1 eV 5.5+1.2% 0.9+1.8% 0.9+1.7%
1=6 eV, 0=0.5 eV 5.9+1.3% 1.0+2.0% 0.9+1.7%
1=6 eV, o=1 eV 5.9+1.3% 1.0+2% 0.9+1.7%
(=8 eV, 0=0.5 eV 6.4+1.4% 1.242.2% 1.0+1.8%
p=8 eV, o=1 eV 6.4+1.4% 1.2+2.2% 1.0+1.8%

TABLE S1. Comparison of extracted HI elimination branching ratios for different assumed KER distributions for UV-induced
HI elimination and HI Coulomb explosion. The values highlighted in red text are those used in the main text.



case could however be complicated by the expected high degree of vibrational excitation in the HI photofragment [1].
For the 1- and 2-IP molecules, quantifying the branching ratios of the various fragmentation channels (from multiple
parent charge states) yielding I ions would be a very challenging task. For any given parent charge state populated,
multiply fragmentation channels are possible, ultimately populating different iodine charge states [12, 13].
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