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I. TIME-ZERO DETERMINATION

Time-zero, defined as the time of maximum overlap of the UV and XUV laser pulses, was estimated based on the
time at which the Coulomb curve becomes visible in the experimental data. This was chosen as all other signals will
have an intrinsic delay in their appearance due to their distance-dependence. The Coulomb signal is isolated in the
time-resolved residual colormap visible in Figures 3 and 4 panel c) of the main manuscript. The onset of this feature
will be impacted by molecular dynamics as well as the cross-correlation of the laser pulses, therefore it serves as the
upper limit for both time-zero and cross-correlation FWHM.

The integrated intensity of the Coulomb curve between 150-200 a.u. as a function of pump-probe delay is shown in
Figure S1 (blue). An error function was fit to the onset of this rise by fitting against the pre-time zero baseline and
the asymptotic intensity. The midpoint of this rise then defines our experimental time-zero to which all of our plots
in the main paper and supplementary information are referenced to. The results of the calculation are shown in red.
Changing the integration range shifts this time zero by approximately 40 fs at most therefore we assign a cautious
uncertainty to our value of ±50 fs.

FIG. S1: Integrated intensity between 150-200 a.u. of the residual between experimental data and fit as a function of
pump-probe delay (blue). An error function fit shown in red.

II. MASS SPECTRA COVERING FULL M/Z RANGE

Figure S2 presents two sets of two mass spectra obtained for a) 2IT and b) 3IT these are analogous to those
presented in Figure 1 of the main manuscript for 2IT but cover the m/z range of the parent ion peak which was not
included in the main manuscript paper as it does not form part of the discussion. The spectra obtained from the two
isomers are similar in structure. The broad peaks observed in the mass spectra are due to fragments formed with a
wide range of momenta following ionisation and Coulomb explosion. The spectrum obtained from the combined effect
of the UV and XUV pulses, which is averaged over all positive pump-probe delays, highlights that the main changes
induced by the pump-pulse are localised to the iodine fragment ions. The UV pump results in an increased intensity
of the In+ peaks over a very narrow m/z range, indicating that these fragments are released with a much lower spread
of momenta.
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FIG. S2: Mass spectra obtained from ionisation of 3IT by UV + XUV pulses (blue) and by XUV pulses only (red).
Each spectrum has been normalised by the total number of shots. The UV + XUV signal has been summed over all
positive pump-probe delays (i.e. with the UV pulse preceding the XUV pulse).
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III. UV ONLY MASS SPECTRA

FIG. S3: Mass spectra obtained from ionisation of 2IT (blue) and 3IT (orange) by UV pulses. Each spectrum has
been normalized by the total number of shots.

Figure S3 shows the mass spectra obtained following ionization of 2IT and 3IT by only the 262 nm UV pulse.
A sharp peak is visible just below 40 mz which can be attributed to ionization of background gas. A small signal
associated with the ionized parent molecule is also visible. Overall UV only produces signals averaging less than
0.005 counts per laser shots, compared to as high as 0.7 counts per laser shot visible in Figure S2. This means any
contribution from UV only ionization can be treated as negligible with respect to the discussed pump-probe signals.

IV. MOMENTUM MAPS

Figures S3 and S4 summarise the time-resolved difference (XUV only contribution subtracted) momentum distri-
butions as a function of pump-probe delay of the I3+ and I4+ ions from UV photolysis of 2IT and 3IT, respectively.
Resolution decreases as a function of iodine charge state due to increasing overlap with signal from other ions. Iodine
charge states +5 and above were not able to be resolved. The features present in the spectra of I3+ and I4+ are similar
to I2+ as shown and discussed in the main manuscript. No additional features are found, however the decreasing
resolution prevents detection of the lower energy pump-probe feature. The global fit used in the main manuscript is
simplified to only two components, the ground state depletion and prompt dissociation.

As discussed in the main manuscript the iodine atom produced by the neutral dissociation process may only be
observed once the iodine fragment has reached a critical distance, dc, beyond which CT can no longer occur. A
classical OTB model was used to calculate this critical distance. This states that charge may only be transferred if
the Coulombic barrier to electron transfer is lower than the ionisation energy of the site ‘donating’ the electron. It
is important to note that dc will increase as the charge on the iodine fragment increases. The dissociation velocity
does not change therefore a shift towards later detection time is expected for iodine in higher charge states. For an
electron transfer from an iodine ion to a neutral ring co-fragment (C4H3S), dc is given by:

dc =
1 + 2

√
n

IPC4H3S
(1)

where n is the iodine charge state and IPC4H3S is the ionisation energy of the thiophenyl radical. There are no direct
measurements of the radical’s ionisation energy. We calculate an estimate using Hess’ Law and previously reported
values for: IP of thiophene (8.87 eV)[1], appearance threshold for forming C4H3S

+ + H (13.05 ± 0.05 eV) [1, 2], and
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C-H bond strength in thiophene (4.99 ± 0.13 eV)[3, 4]. This gives an IPC4H3S value of approximately 8.06 eV. A
study on furan (the oxygen analogue of thiophene) found the difference between α− and β−C-H bond strengths to
be negligible[5], therefore this value remains the same for both isomers. The expected appearance time is calculated
using the critical distance obtained in this manner and the average asymptotic momentum of observed features. This
approach assumes the C-I bond is broken promptly and the asymptotic velocity is reached instantaneously.

The expected appearance values from this model are compared with the observation times obtained from the fit in
Table I and show the expected increase in observation time with increasing charge state. The agreement is generally
good for both isomers which validates the estimated value of the ionisation energy of the thiophenyl radical as well
as the time-zero determination. The results related to 3IT show generally bigger discrepancy than those of 2IT, the
deviations fall within expected uncertainty therefore it is unlikely the differences hint at some deviation from the
proposed prompt dissociation model.

Iodine charge state I2+ I3+ I4+
2IT 267 297 338
3IT 264 268 305

OBT predicted 248 290 338

TABLE I: Values of appearance time of higher KE pump-probe feature obtained from the fitting to the
experimental data following photolysis of 2IT and 3IT, and the equivalent times predicted by the OBT model.

FIG. S4: a) Time-resolved difference map of the momentum of the I3+ (left) and I4+ (right) fragments formed
by 262 nm photolysis of 2IT and subsequent XUV probing (i.e. after subtracting the ground state (XUV only)
contribution). The intensity vs momentum distributions at early (200-500 fs) and late (>3 ps) pump-probe delays
are shown at the far right (plotted as orange and purple lines, respectively. b) Fit to the experimental data using
a time-varying sum of the two intensity vs momentum basis functions shown at the far right, as described in the
main manuscript. The two basis functions are displayed with a common peak intensity. c) Residual error between
the experimental and fitted data. d) Time-dependent amplitudes of the basis functions obtained from the fit. The
appearance time obtained in the fit is shown as a solid vertical blue line and the expected appearance time from OBT
model is shown as dashed blue line.



6

FIG. S5: a) Time-resolved difference map of the momentum of the I3+ (left) and I4+ (right) fragments formed
by 262 nm photolysis of 3IT and subsequent XUV probing (i.e. after subtracting the ground state (XUV only)
contribution). The intensity vs momentum distributions at early (200-500 fs) and late (>3 ps) pump-probe delays
are shown at the far right (plotted as orange and purple lines, respectively. b) Fit to the experimental data using
a time-varying sum of the two intensity vs momentum basis functions shown at the far right, as described in the
main manuscript. The two basis functions are displayed with a common peak intensity. c) Residual error between
the experimental and fitted data. d) Time-dependent amplitudes of the basis functions obtained from the fit. The
appearance time obtained in the fit is shown as a solid vertical blue line and the expected appearance time from OBT
model is shown as dashed blue line.

V. GLOBAL FIT BASIS FUNCTIONS

The basis functions used in the fit presented in the main paper are reproduced in Figure S6 to allow easier comparison
of the relative widths and positions.
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FIG. S6: The basis functions used in the adapted global fit described in the main manuscript. Panels a) and b) show
basis functions associated with photolysis of 2IT and 3IT respectively. The basis functions are normalized to their
peak intensity. Red curve describes the delayed pump-probe feature, blue describes the prompt feature, and green
describes the ground state Coulomb explosion.
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VI. EXPERIMENTAL AND FIT TRANSIENTS

FIG. S7: a) Time-resolved difference map of the momentum of the I2+ fragments formed by 262 nm photolysis of 2IT
(left) and 3IT (right) followed by XUV probing (i.e. after subtracting the ground state (UV late) contribution). The
intensity vs momentum distributions at early (200-500 fs) and late (>3 ps) pump-probe delays are shown at the far
right (plotted as orange and purple lines, respectively. Pink and lime-colored boxes are plotted to highlight integration
regions presented in next panel. b) Integrated transients in regions: 10-50 a.u. (lime) and 80-130 a.u. (pink) of the
experimental difference map (solid lines) as well as the result of the fit as described in the main manuscript (dashed
lines).

Figure S7 compares the integrated transients from experimentally acquired data as well as the fitted equivalent for
2IT and 3IT. The two integration regions represent the ’prompt’ and ’delayed’ channels. A prompt and delayed rise
can be observed in panels b) of the figure, and both curves are matched well by the model used as described in the
main manuscript. This match provides validity to the model, the results of which are able to provide much more
insight to to these two significantlly overlapped functions.

VII. UV ABSORPTION SPECTRUM MEASUREMENTS

The gas-phase UV absorption spectra reported in Fig. 5 of the main manuscript were recorded using a Cary 50
UV-Vis spectrometer. A few drops of liquid sample was added to a quartz cell with 1 cm path length, and the
absorption spectra of the vapor were recorded, with approximately 1.5 nm spectral resolution.
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