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e Raw PICD data

In this section the raw (unsymmetrized) PICD data of Methyloxirane (MeOx) after multiphoton
ionization at 396.0 nm are presented. The PICD as a function of mass to charge ratio is shown in Fig.
S1 and listed in listed in Table S1. For all ions a negative PICD value was measured for R-MeQOx, whilst
for S-MeOx the PICD value is positive for all ions. The absolute PICD value for R-MeOx was larger than
for S-MeOx, therefore the enantiomers can be clearly distinguished by their PICD value. In the main
manuscript the PICD value was symmetrized around zero for each mass to charge ratio separately, i.e.
the data was translated along the y-axis. The symmetrized PICD value is given in the last column of
Table S1. The shift due to the symmetrisation is different for the smallest fragment ions (m/z up to 27)
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Fig. S1: PICD values, measured in coincidence, for R-Methyloxirane (black triangles) and
S-Methyloxirane (red triangles) and the mass spectrum (blue line) for the multiphoton excitation at
396.0 nm. The PICD values are listed in the 2"" and 3t column of Table S1. For each ion fragment
the measured PICD value of R-Methyloxirane is negative and positive for S-Methyloxirane. The
difference between the two Enantiomers is plotted in Fig 3 in the main manuscript. The error
corresponds to the standard error.
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compared to parent ion and larger fragment ions. This might be connected to the difference in the
number of  photons involved. However, this requires  further  investigation.



Table S1: PICD values and their corresponding standard error as a function of ion mass for the multiphoton
excitation of Methyloxirane at 396.0 nm for each enantiomer. The last column contains the symmetrized PICD
values which are listed in Table 3 in the main manuscript.

PICD value / % -

m/z R S (R-S)/2

15 -70 + 28| 88 + 29 -79 + 29
26 71 £ 21| 69 £ 21 -70 = 21
27 -11.7 £ 19| 58 + 20 -88 + 2.0
28 -11.4 + 10| 0.7 £ 13 -6.1 + 1.2
29 -126 + 13| 27 + 15 7.7 = 14
30 -10.8 £ 21| 36 £ 23 7.2 £ 2.2
31 -10.7 £ 19| 25 + 2.1 -6.6 + 2.0
43 -13.0 £ 12| -04 £ 13 -6.3 + 13
57 -120 + 15| 03 + 1.7 -6.2 + 1.6
58 -116 £ 10| 29 £ 1.2 -73 £ 1.1

e Raw PECD data

In this section we present the raw (unsymmetrized) PECD data of Methyloxirane (MeOx) after
multiphoton ionization at 396.0 nm. Unlike the PICD, the PECD can be obtained from each single
measurement of an enantiomer (R or S) at a given circular polarization (LCP or RCP) using the following
equation:

Yiers = Yicep Yeers = Yrepp
PECD = 4 - = -4 -

YLCP YRCP

These PECD values with their corresponding standard errors are listed in Table S2. Table S3 lists the
PECD values per enantiomer (LCP — RCP) and per circular polarized light (R — S). The former are also
shown in Fig. S2. A negative PECD value of around -10% was measured for R-MeOx, whilst for most
ions of S-MeOx the PECD value was closer to zero. The absolute PECD value for R-MeOx was larger
than for S-MeOx and therefore the enantiomers could be distinguished without a doubt by their
symmetrized PECD value (last column of Table S3). The shift due to the symmetrisation is, within the
error margins, basically independent of the mass of the species considered.
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Fig. S2: PECD values, measured in coincidence, for R-Methyloxirane (black circles) and
S-Methyloxirane (red circles) and the mass spectrum (blue line) for the multiphoton
excitation at 396.0 nm. The PECD values are listed in the 2nd and 3th column of Table S3.
For each ion fragment the measured PECD value of R-Methyloxirane is more negative

than that of S-Methyloxirane. The error corresponds to the standard error.

Table S2: The raw PECD values and their corresponding standard error measured for each
enantiomer (R or S) and circular polarization (LCP or RCP) for the multiphoton excitation of
Methyloxirane at 396 nm. The PECD values are calculated with the last two equations of Eqg. 3 in
the main manuscript.

Raw PECD values / %

m/z Ricp Rrep Sicp Skep

15 -78 + 84| 52 + 79123 + 75|-08 t 7.7
26 -127 £ 52113 + 47| -08 + 49| 20 + 438
27 -139 + 45| 113 + 49| 30 + 45| 08 + 4.2
28 -166 £ 19| 159 + 18| 1.2 + 16 |-45 + 1.7
29 -187 + 29| 92 + 27| 18 + 2.7|-18 + 2.7
30 -86 + 59| 146 £+ 55| -21 £+ 52| 03 t 57
31 80 * 461|261 * 42| 98 + 47| 24 + 48
43 230 + 26| 183 + 25| 49 + 25|-70 = 2.7
57 -151 + 39| 142 + 37| -07 + 35| 31 + 36
58 -89 + 13| 61 + 13| 14 + 13|-12 + 13




Table S3: PECD values and their corresponding standard error as a function of ion mass for the
multiphoton excitation of Methyloxirane at 396.0 nm. The columns headed ‘PECD value per enantiomer
and per CPL’ contain the difference of the raw PECD values (Table S2) for each enantiomer and circular
polarized light (CPL). The last column contains the symmetrized PECD values which are listed in Table 3
in the main manuscript.

Symm PECD /
PECD values per Enantiomer and per CPL / % %

m/z Rcp-rep)2 S(iep-rep)/2 LCPrs)2 RCPr-s)/2 (R-S)/2
15 65 + 82|66 + 76| -101 + 80| 3.0 * 7.8 65 * 7.9
26 | -120 + 50(|-14 + 49| 6.0 + 51| 47 + 48 -5.3 + 49
27 | 1266 + 47|11 + 44| -85 + 45| 53 + 46 -69 * 45
28 | -16.3 + 19|29 + 17| -89 + 18| 102 + 1.8 9.6 * 1.8
29 | -140 + 28| 18 + 27| -103 + 28| 55 + 27 79 + 238
30 | -116 + 57|-12 + 55| -33 + 56| 72 + 56 -5.2 * 56
31 | 1171 + 44| 37 + 48| -89 + 47| 119 + 45 -104 + 4.6
43 | -20.7 + 26| 6.0 + 26| -140 + 26| 127 + 2.6 -13.3 + 2.6
57 | -147 + 38|-19 + 36| -72 + 37| 56 37 -64 * 3.7
58 -75 + 13|13 + 13| -52 + 13| 3.7 + 13 44 + 13




e PICD and PECD as a function of photoelectron kinetic energy release (PEKE)

The PICD and PECD as a function of the PEKE for the three main ions (m/z = 28, 43 and 58) are shown
in Fig. S3 and Fig. S4, respectively. Electrons measured in coincidence with the parent ion have a higher
kinetic energy than those associated with the fragment ions. The maximum of the kinetic energy
distribution is at 1.7 eV for the parent ions, for the C,H;0* (m/z = 43) ions the distribution peaks around
1 eV. Whilst the electrons measured in coincidence with fragment ions corresponding to m/z = 28 have
the lowest kinetic energy, with the distribution peaking around 0.8 eV.

For all 3 ions, the observed PICD value does not change significantly as a function of photoelectron
kinetic energy. On the other hand, the observed PECD of the parent ion increases from -4.4 + 1.3% to
-7.7% £ 2.0% when selecting electrons with higher kinetic energy (electrons inside the blue lines in Fig.
S4). For the C,H;0* (m/z = 43) fragment ion, the PECD increases from -7.9 + 1.9% to -13.6 + 2.6% for
electrons with a kinetic energy in the range of 1.3 to 2.3 eV.
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Fig. S4: Multiphoton PECD of R- (black circles) and S-
Methyloxirane (red circles) as a function of
photoelectron kinetic energy (PEKE) distributions for
different fragment ions measured after ionization at

Fig. S3: PICD of R- (black triangles) and S-
Methyloxirane (red triangles) as a function of
photoelectron kinetic energy (PEKE) distributions for
different fragment ions measured after multiphoton

jonization at 396.0 nm. The grey line shows the
photoelectron spectrum of the given data. The error
corresponds to the standard error. The blue dashed
line represent selected PEKE regions for which the
PICD and PECD values are discussed in the main
manuscript.

396.0 nm. The grey line shows the photoelectron
spectrum of the given data. The error corresponds to
the standard error. The blue dashed line represent
selected PEKE regions for which the PICD and PECD
values are discussed in the main manuscript.
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Fig. S5: The typical spectrum of the frequency double femtosecond laser pulse. The pulse had
a central wavelength of 396.0 nm and a fitted (Gauss) FWHM of 7.3 nm.




