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1 Electric field effects of the XFEL pulse on electronic and nuclear dynamics
An effect of the XFEL electric field on the motion of nuclei to be explored is the time-dependent
potential distortion induced by the XFEL electric field. The leading term of this additional force
on the jth nucleus can be expressed by the optical cycle average term of the Raman type of
interaction +%, such as  f (t)-(de/eR, )- f (t)/4, where f(t) is the envelope vector of the XFEL
electric field, a is the polarizability tensor, and R; is a Cartesian coordinate of the jth nucleus.
This type of field-induced potential distortion accelerates the bond dissociation associated with H
atoms or protons, because those species can move even in the short duration ~10 fs of the XFEL
pulse. In the present SCC-DFTB approach, the effect of field-induced potential distortion is
considered to be virtually included in the process of adding kinetic energy.

For the photon energy of 5.5 keV and the field strength of 1.5x10%? VV/m, the ponderomotive
radius of this strong XFEL electric field is only 3.8x10°° A and the ponderomotive energy is

1.5x103 eV . The effects of rescattering on the electronic and nuclear motion should be negligible.

2 On the accuracy of the SCC-DFTB method

We performed electronic structure calculations for potential surfaces of CH:l; and CHsl. The
dissociation energy for C-1 bond elongation of CHsl is 3.7 eV for SCC-DFTB and 4.0 eV for
B3LYP/6-311G(d,p); that for C-H bond elongation is 6.1 eV for SCC-DFTB and 6.9 eV for
B3LYP/6-311G(d,p). The dissociation energy for C-I stretching of CHal, is 3.3 eV for SCC-DFTB
and 3.6 eV for B3LYP/6-311G(d,p); that for C-H stretching is 5.7 eV for SCC-DFTB and 6.4 eV
for B3LYP/6-311G(d,p). We obtained the same level of accuracy for monocation potential
surfaces. We also compared the fragment charges calculated by the SCC-DFTB and B3LYP/6-
311G(d,p). Both methods provide almost the same fragment charges; e.g. for CHsl at the

electronic temperature Te = 0, the fragment charges of the iodine and carbon ions for Qmax = 11



was +5 and +3, respectively.

In the present SCC-DFTB/MD, no ionization energies are directly used; we merely switch the
charge state of a molecule to the higher one according to the charge build-up curve eqn (1). We
however carried out calculations on trial to confirm the accuracy of the SCC-DFTB method: The
ASCF first ionization energy of CHsl is 9.9 eV for SCC-DFTB and 9.8 eV for B3LYP/6-311G(d,p)
(The experimental IP = 9.52 eV 53); The corresponding value of CHl; is 9.3 eV for SCC-DFTB

and 9.4 eV for B3LYP/6-311G(d,p).

3 Optimal value of the charge build-up time 7

We examined how the calculated kinetic energies of fragment ions depend on the charge build-up
constant z. With increasing (decreasing) z, the kinetic energy distribution of each fragment ion is
shifted toward the lower (higher) energy side. For example, in the case of CH:ly, the average
kinetic energy of iodine ions for Qsin = 9 is lower by 0.9 eV for = 15 fs than for 7= 10 fs; that
of carbon ions is lower by 5.0 eV. For 7 = 5 fs, the average kinetic energy of iodine ions for
Qrin = 9 is higher by 1.6 eV and that of carbon ions is higher by 6.1 eV, compared to the case of
=10 fs. Since the kinetic energy distributions for iodine and carbon ions both shift to the same
energy side irrespective of whether z gets longer or shorter, more satisfactory results cannot be
obtained by changing the value of z. To obtain better agreement with the experimental results
(See Figs. 5 and 6), = > 10 fs is desirable for carbon ions while 7< 10 fs is desirable for iodine
ions. We therefore determine the optimal 7 in terms of the kinetic energy sum distributions of
carbon and iodine ions. The deviations from the experimental results are then minimized around

7 =10 fs for both CH:l, and CHal, as shown in Fig. S1.



% 30- CHL, L

= — Experiment

; r=51s

E 20 -1 [SATTAIT I ]CI fg B

‘210 - B

]

g i
0 _

150
Kinetic Energy (eV)

350 ' : CHI
S0 ® mo
= ] — Experimen
; 250 S r=51fs
E’ 200 _- 5;]A 3 L1212 2] ‘r= ]{] fS

Intensity
Pt
L T L
o o o
L I L I L I
.‘.
'da- b,
-‘..‘ﬁ.}‘

o
fad
o
™
o
O
o

Kinetic Energy (eV)

Fig. S1 Charge build-up time z dependence of kinetic energy sum

distributions of carbon and iodine ions for Qmax =9: (a) CHzlz; (b) CHal.

4 Total amount of injected kinetic energy in the SCC-DFTB approach

We analyzed how much vibrational energy is injected by the time when the charge of the molecule
reaches the theoretical final charge Qmax. As shown in Fig. S2, the average injection energy AE,
defined by eqn (3), increases almost linearly with Qmax. AE increases by ~4 eV per unit increase
iN Qmax; for CHal, itis 21 eV at Qmax =5 and 57 eV at Qmax = 14; for CHaly, itis 23 eV at Qmax =5

and 63 eV at Qmax = 14. The average injection energy per unit charge increase however gradually



diminishes as Qmax increases, as shown in Fig. S2, because more bonds exceed the critical distance
for energy injection. For the same Qmax, AE was a little larger for CH.l, than for CHsl because

CH:l; has two long lasting C-I bonds.
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Fig. S2 Injected energy AE as a function of the final charge Qmax.

5 Role of the addition of repulsive kinetic energy

The ground state potential surfaces for highly charged CH:l, or CHsl are repulsive. The nuclei
gain extra kinetic energies on those repulsive potentials. Assuming that the ground and excited
state potentials are not be perfectly parallel to one another and there are chances of nonadiabatic
transitions, we further added repulsive momenta for high charge states of Quwt(t) > 8, where all
atoms have considerable positive charges (> 1). To examine the role of this extra addition of
repulsive kinetic energy for Quwi(t) > 8, we compared the two cases with and without adding
artificial kinetic energies for the final charges Qmax > 8. For both molecules, the kinetic energy

distributions of heavy iodine atoms in these two cases are nearly equal to each other; they have



nearly the same shape and average kinetic energy. For carbon atoms, the kinetic energy
distributions depend on the presence or absence of added repulsive kinetic energies for Qu:(t) > 8.
At Qmax = 9, the addition of extra kinetic energy for Qu(t) > 8 change the kinetic energy
distributions only slightly. The kinetic energy distribution of carbon ions for CHal; is sifted by
3.5 eV with adding extra kinetic energy when Qu(t) > 8; that for CHzl is shifted by only 0.5 eV.
In the case of Qmax = 9, most of the bonds exceed the critical distance for Kinetic energy injection
when Quw(t) reaches 8. The difference between the two cases becomes more distinct as Qmax
increases. At Qmax = 14, the kinetic energy distribution of carbon atoms for CHl; is sifted by
6.8 eV toward the higher energy side with adding extra kinetic energy when Qu(t) > 8; that for
CHzsl is shifted by 1.6 eV. The energy shift is more pronounced for CH:l, than for CHsl because
CHzl, has two heavy iodine atoms and expands slowly. These energy shifts are relatively small,
since the average kinetic energy of carbon ions is beyond 100 eV: The addition of repulsive Kinetic
energies for Qui(t) > 8 is not crucial at present. We however noted that the simulated kinetic energy
distribution of carbon atoms becomes closer to the experimental one for CHsl by the addition of
extra Kinetic energy for Quw(t) > 8 and becomes worse for CHzl,. To obtain consistent agreement
in kinetic energy distributions, it is necessary to scrutinize the physics behind the kinetic energy

injection based on eqn (4) from the viewpoint of first-principles simulations.
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