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1 IUPAC names of compounds 1-5

1, Valsartan, 1 H-tetrazol-tautomer: (5)-3-methyl-2-(N-[2’-(1H-1,2,3,4-tetrazol-5-yl)biphenyl-

4-ylJmethylpentanamido)butanoic acid.

2, Erythromycin: (3R,4S,55,6R,7TR9R,11R,12R,135,14R)-6- [(25,3R,45,6 R)-4-(dimethylamino)-
3-hydroxy-6-methyloxan-2-yljoxy- 14-ethyl-7,12,13-trihydroxy-4-[(2R,4R,55,65)- 5-hydroxy-
4-methoxy-4,6-dimethyloxan-2-ylloxy- 3,5,7,9,11,13-hexamethyl-1-oxacyclotetradecane-2,10-

dione.

3, Taxol: (2a,4a,553,7/3,105,13a)-4,10-bis(acetyloxy)-13-[(2R,3S)- 3-(benzoylamino)-2-

hydroxy-3-phenylpropanoyljoxy- 1,7-dihydroxy-9-oxo-5,20-epoxytax-11-en-2-yl benzoate.

4, Lovastatin: (15,3R,75,85,8aR)-8-2-[(2R,4R)-4-hydroxy-6-oxotetrahydro-2 H-pyran-

2-yllethyl-3,7-dimethyl-1,2,3,7,8,8a-hexahydronaphthalen-1-yl (2.5)2-methylbutanoate.

5, Simvastatin: (153R,75,85,8aR)-8-2-[(2R,4 R)-4-hydroxy-6-oxotetrahydro-2 H-pyran-

2-yllethyl-3,7-dimethyl-1,2,3,7,8,8a-hexahydronaphthalen-1-yl 2,2-dimethylbutanoate.

2 XYZ Files of compounds 1-5 (optimized geometries)
and Fragments la-1c (mean geometries)

The geometries below were optimized at the TPSS-D3/def2-TZVP level of theory (see ar-
ticle). For 3 there was one negative eigenvalue of the hessian matrix corresponding to an
imaginary frequency at ca. -10/cm. This is regarded negligible for our purpose.

1, Valsartan, 1 H-tetrazol-tautomer
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.6344634

.3901873
.5788417
.5304903
.1179784
.9732734
.8297899
.0476013
.9735766
.3522261

.6308656
. 7487755
.7961130
.7803704
.5026095
.4787564
.2162892
.2515023
.2126150
. 7200837
.1568941
.3689974
.4390819
.8257691
.1231940
.0215056
.1822751
.8479472
.0487234
. 7643538

0.9489544

.3972430
.1531484
.2362056
.0086452
.9327833
.1689618
. 7203532
.0971989
.0992589
.1799358
.6808964
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-1.2048942 0.6143903 -1.1366562
0.9427316  -5.8234926 1.9801650
-0.2705412 -5.6213864 3.2584408
1.3677259  -4.9802953 3.4837968
-2.1861592 2.0642248 2.5024809
-0.9630184 3.2549328 2.0266629
-1.4155007 3.0870515 3.7255172
-1.9706725  -3.7338540 -0.7236444
-0.9726819 -4.2479910 -2.1063011
-2.6577252  -3.7509106  -2.3624769
-0.6346858 -0.8560221 -3.6910375
-1.9759139 -1.9673095 -4.0620409
-0.3174953  -2.5824496 -3.8765885
-3.3462805 -1.4098600 -2.0237075
-2.6070899 -1.3897559 -0.4247151
-0.9699284 1.2258305 5.0673467
-1.13565890 -1.1907203 5.1179329
0.8775970 3.3755265 0.9725750
-0.4109887 2.6918242 -0.0256316
1.0427189 0.5576424  -0.1549335
2.0263569 1.2376246 1.1337205
-1.0280387 -3.2989476 3.9435084
2.1804722 -3.1010508 2.0237112
1.5740097  -3.7244254 0.4846294
0.2487788 4.7532355 -1.4015194
1.8575475 5.0477804 -0.7128212
1.4731364 3.8235066  -4.8185729
0.0276152 4.3159154  -3.9448108
-0.6606588 -4.0194368 1.39725631
0.7817099 1.9545954 3.2744735
1.7964695 5.7355989 -3.1101168
2.4952026 2.7339491 -0.9164971
.9041543 0.3889847 1.2964334
1.7809194 -1.3068174 0.3486819
1.63556226 -0.6169893 2.6291067
3.3571591 3.3973850 -2.9619790
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|
o

The next three geometries provided are heavily distorted mean fragment geometries as
produced by QCEIMS. 1a-c are radical cations.

la, C14H10

24
C 2.01865329 5.82013539 3.25146337
C 0.78540618 6.50393559 3.11639035
C 0.47947089 6.75426286 1.68943183
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.38544575
.52509596
.56523364
.04307674
. 71343987
.00093923
.33807384
.01614598
.68901128
.83552240
.15492867
.28733646
. 76229462
.89178693
.66872611
.92382583
.86796713
.28974089
. 88644667
.70083825
.11200616

.60757956
.47928060
.64824089
.87138822
.90770297
.69653387
.79597115
.52921949
.63673814
.84271782
.82408721
.53798522
.97060066
.64773917
.35009821
.95062548
.33552586
. 72056256
.22554767
. 75719956
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.82292658
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10.
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10.
.16564424
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.80850452
.07693047
.04055498
.23038072
.25776378
.65078249
.88255951
.53137944
.94605899
.00724223
.23239562

85202052
10583738
48459788

33795860

84367775
84385609
92492690
02746478
97842361
20070657
25577654
08527227
67488678
05055036
20874866
16028643
74680721
61449766
49492944
93691631
75129568
08945573
17146346
29049390
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.49685453
.67430600
.62596679
.59178175
.82675215
.16764046
.25085458
.95312412
.52692247
.06990788
.23081687
.01143700
.46441096
.88477428
.54133118
.12142114
.06526763
.28011967
.06827226
. 76586174
. 14418227

.12416083
.13404479
.16166280
.19996534
.35947579
.62547750
. 72246775
.53604092
.36307373
.02324949
.75071163
.45375255
.27772840
.20806512
.14911915
.33043360
.01642691
.88599866
.96706264
.25986657
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.47047476
.25930783
.65100769
.71740589
.09789550
.56982898
. 74442295
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09492377
07097330
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48019740

.36971879
.43599084
.58294303
.36271252
.16953755
.68905955
.48562777
.54282335
.16276417
.58834357
.92758177
. 77093712
.97641199
.056922709
.22446583
.04028849
.51994653
47747521
.20158130
.49747417
.51326207
. 74934980
.98743846
.81662504

3 QCEIMS in more detail

For a comprehensive description of the inner workings of QCEIMS, the reader is referred to
the SI of the original paper.! There, one of the authors (Grimme) has laid out the general
QCEIMS architecture and discussed many technical details. What follows in this document

is a more detailed overview of the procedure used for this study. The QCEIMS program was

used in 3 steps:
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.515638159
.24263144
.19661906
.69891621

. 76624450
. 74311789
.45387994
.83959971
.00132581
.50671043
.98536358
.62805047
.58924409
.76086830
.87856657
.23722073
.49344358
.21467993
.14371202
.40849564
.483533561
.61254008
.04673300
.34334585
.43140119
.56649208
.26200182
.06126552



1. Initialization - Production of a ground state trajectory to yield an ensemble from
which to take snapshots (nuclear geometries and velocities) for the fragmentation runs.
Optimized geometries were used as starting points. The velocity verlet algorithm? was
used for propagation on the OM2-D33* potential energy surface (PES). For 1,000
trajectories, there were 25,000 steps of equilibration and 50,000 steps of production.
The latter yielded the actual data from which the snapshots were obtained. With a
timestep of 0.50 fs, this makes for 37.5 ps of ground state initialization. Geometry
optimization at the given level of theory and initialization are actually the two most

expensive steps in our procedure.

2. Setup - A random set of 1,000 equidistantly chosen nuclear geometry and velocity
arrays was prepared and the ionization excess energy (IEE) was computed according to
a Poisson distribution. Apart from egomo there was no information from the molecule
itself. The distribution was calculated in such a way that the IEE/atom was equal to

0.6 eV.

3. Production - Each individual snapshot geometry was deprived of one electron, thereby
rendering the systems radical cations. From this point, the propagation was started
in the same way as for the closed-shell original system case, using either the OM2-D3
or the DFTB3-D3°% PES. In the case of OM2-D3, unrestricted SCF calculations were
carried out throughout every fragmentation run. The vibronic heating associated with
internal conversion (IC) was simulated by scaling all nuclear velocities uniformly until
the internal energy, predifined by the IEE value according to the Poisson distribution,
was reached. This is a deviation from the protocol used in the original paper, where the
velocities were scaled according to MO localizations (implications are discussed below).
The heating time of the IC process was in the 1-2 ps time range. During the production
runs, the ’electronic temperature’ was set to a constant value of 21,000 K (OM2) or

5,000 K (DFTB3), yielding fractional occupation numbers (FON, "Fermi Smearing’). 57

15



The FON approach had to be used in order to achieve SCF convergence.® Moreover,
FON partially account for the mixing in of excited states and their multiconfigurational
character. In the event of a fragmentation, a fragment assignment algorithm ordered
the atoms according to their fragments. For each fragment, a mean geometry was
computed from the trajectory. The ionization potentials (IPs) were then estimated
at the OM2 level of theory for those mean fragment geometries. The charge was
assigned statistically according to the Boltzmann distribution at the current (vibronic)
temperature of the fragmentation event. The run was continued using the statistically
most highly charged species, assigning the spin according to spin population analysis.
This was done recursively up to a maximum of 7 times. The initial run maximum
simulation time was 5 ps and decreased in each subsequent run. Given 4 or 5 runs
during such a decomposition cascade, the typical total simulation time was between 5

and 10 ps.

At last, the fragments yielded by the production runs were counted with their statistical
(Boltzmann-IP) weight and plotted vs. the experimental spectra (provided in either JCAMP-
DX or peak table formats by the databases). The typical maximum count (100 % rel. int.
signal in the computed spectra) was around 300. This is of course inferior to the experimental
situation where there are millions of counts.

For OM2 calculations, the MNDO program? was called. DFTB+ %! was used for DFTB3

calculations.

The total computational times for spectra generation are found in Table 1. These are
only rough estimates of the timescale for QCEIMS calculations. The number of available
cores on our computer cluster ranged from 100 to 500 and Intel CPUs were used as well as
AMD CPUs. Note that up to this point, the 37.5 ps of ground state initialization is by far
the most expensive step in our procedure with a wall time of about 1 day for systems 1-5.

Table 1 also reveals that perhaps one of the strongest features of QCEIMS is the perfect
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parallelization - each production run is conducted totally independently from all the others.
Thus, predictions for 1-5, which are at the limit of experimental EI-MS, are accessible within
a few hours on a computer cluster and within a few days on a single workstation (assuming
8 modern CPU cores). It is also noteworthy that no part of the algorithm needs a lot of
memory - provided semiempirical methods are used throughout. All in all, 8 to 16 GB RAM,

which is standard nowadays, should be sufficient.
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Table 1: Computational times (wall times) for QCEIMS production. Results marked (*) were produced on slow machines.

Compound QC method estimate single core 1000 runs average prod. run total time 1000 runs/ ca. 300 cores

1 OM2-D3 51 d 50 min 4 h 0 min
1 DFTB3-D3 124 d 40 min 2 h 0 min
2 OM2-D3 266 d 176 min 13 h 0 min
2 DFTB3-D3 138 d 66 min 3 h 0 min
3 OM2-D3 308 d 546 min* 70 h 0 min*
3 DFTB3-D3 132 d 77 min 6 h 0 min
4 OM2-D3 56 d 53 min 8 h 45 min
4 DFTB3-D3 93 d 36 min 1 h 45 min
5 OM2-D3 69 d 54 min 2 h 45 min
5 DFTB3-D3 105 d 34 min 2 h 45 min
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4 Additional computational results

4.1 Velocity scaling effect

The effect of localized heating by MO populations during a QCEIMS production run is
dramatic for larger systems. As seen from the spectral comparison displayed in Figure 1, a
large number of artifacts results. This can be rationalized by inspecting the fragmentation
runs. When heated locally, the Taxol frame breaks in certain positions very quickly, while
other regions of the molecule stay ’cold’. If the charge is assigned to these ’cold parts’,
the runs are continued with these fragments, which then do not decompose further, leading
to signals in the m/z 400-850 region. From the comparison with the experimental data
one can see that this is wrong. While scaling the nuclear velocities uniformly leads to the
reported computed spectrum of good quality, one cannot exclude other, non-beneficial effects

of disregarding the localization of the ionization completely.
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Figure 1: Computed (OM2-D3) vs. experimental spectrum of taxol (3) with local nuclear
velocity scaling switched on. Note the artifacts in the heavier fragment region.

On the other hand, the computed spectra for other (smaller) compounds actually get
better when the localization algorithm is switched on. However, in order to stay consistent,
every reported spectrum (except where clearly noted) was produced with the localization

routine deactivated.

4.2 IP estimate by OM2 - Comparison with DFT

Figure 2 shows the difference for two computed spectra of 5. For the first spectrum, fragment

[Ps were computed at the PBE0/SVx level of theory and for the second spectrum, OM2 was
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used for fragment IP calculation. The difference is marginal, with the maximum difference
lower than 5 relative intensity units. One may thus safely assume that the semiempirical

OM2 method is an adequate and efficient choice to gain a suitable IP estimate during a

QCEIMS run.
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Figure 2: Difference between two computed spectra for Simvastatin: IP calculation with
DFT (PBEO0/SVx) - IP calculation with OM2.

4.3 DFTB3 spectra for 1-5

EI-MS spectra have been computed for compounds 1-5 using the DFTB3-D3 PES. As can
be seen in Figures 3-7, they are of similar or slightly worse quality to the OM2-D3 results.
This shows that QCEIMS is in principle workable for many QC methods, producing results
according to the PES generated by the method. In our cases, both DFTB3-D3 and OM2-D3
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work well.

The reason why OM2-D3 spectra are reported in the article is that OM2-D3 is

better at describing intramolecular rearrangements such as the McLafferty reaction, see also

original QCEIMS paper.*
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Calculated (DFTB3-D3) spectrum of 1 in comparison with the experimental
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Figure 4: Calculated (DFTB3-D3) spectrum of 2 in comparison with the experimental
spectrum. Note that the molecular ion (m/z=734) gives only a very weak signal in the

m/z

experimental spectrum and none in the computed.
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Calculated (DFTB3-D3) spectrum of 3 in comparison with the experimental
Note that the molecular ion (m/z=854) does not appear in either spectrum.
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Figure 6: Calculated (DFTB3-D3) spectrum of 4 in comparison with the experimental
spectrum.
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Figure 7: Calculated (DFTB3-D3) spectrum of 5 in comparison with the experimental
spectrum.
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