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Figure 1. Schematic overview of the overall reaction of benzonitrile®* (C;HCN*®*) with acetylene (C,H,) as spectroscopically determined in this
work. Structures of the assigned intermediate R1 (noncovalent acetylene-benzonitrile®* complex), bimolecular products BI7, BII3, and BIII2
(benzo-N-pentalene” isomers) and radiative association product R8 (2-phenylpyridine®*) are shown with energies (in kJ/mol) that correspond to
the PES calculations from Figures 4 and 5.



Infrared spectrum of benzonitrile**
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Supplementary Figure 1: Experimental infrared spectrum (grey) of the reactant benzonitrile® (CsHsCN*)
with m/z 103. The calculated anharmonic infrared frequencies are shown as blue sticks and are convoluted
with a Gaussian line-shape with a 5 cm™ width to account for (experimental) broadening effects. The latter
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is shown as the red spectrum.
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Saturation depletion of benzonitrile**

Details on the saturation depletion method are described in detail by Marimuthu et al.! but a brief
explanation is given here. Multiple laser pulses, resonant with a vibrational mode of one isomer, are used
to burn away the specific isomer from the trap (blue curves, Supplementary Figure 2 and 3). As a
background measurement, the depletion due to laser heating effects at a non-resonant wavelength is
similar determined (orange curves, Supplementary Figure 2 and 3). From both measurements, the
relative depletion of this isomer can be determined.
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Supplementary Figure 2: Experimental saturation depletion scan of the 920 cm™ mode of benzonitrile®*
(m/z 103). The on-resonance scan at 920 cm™ (blue) and off-resonance scan at 1010 cm™ (orange) are
shown in the left panel. The relative depletion of the active isomer (A) is shown in the right panel as a
function of the deposited energy (E). The relative depletion of this band belonging to benzonitrile* is
determined to be 98(+5)%.
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Supplementary Figure 3: Experimental saturation depletion scan of the 1436 cm™ mode of benzonitrile**
(m/z 103). The on-resonance scan at 1436 cm™ (blue) and off-resonance scan at 1562 cm™ (orange) are
shown in the left panel. The relative depletion of the active isomer (A) is shown in the right panel as a
function of the deposited energy (E). The relative depletion of this band belonging to benzonitrile®** is
determined to be 99(+5)%.
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Figure 2. Exemplary kinetic plots of the ion—molecule reaction between benzonitrile®” (CsH;CN**) and acetylene (C,H,) performed at 150 K for
1) low (1.23(+0.14) X 10"° cm™) and b) high (4.3(+0.5) X 10'® cm™) acetylene number density. The experimental ion counts of the reactant
benzonitrile®” (black), intermediate 7/z 129 (green) and product structures with m/z 154 (blue) and m/z 155 (red) at different trapping times are
plotted with dots and error bars. The plots are fitted with an ODE master equation containing the different reaction steps and plotted with a line.
I'he gray dots indicate the sum of all ions and the decay has been implemented into the ODE model to account for the overall ion loss from the
rap. The gray box indicates three-body collision conditions due to the He pulse used for trapping the ions in the beginning, these data points were
not used in the fitting process.



reaction

103+ — 129+

129" — 1547

129* — 1557+

d[C,HeN"*]
dt

d[CoH,N""] _
dt

= — kra[C;HsN*F][C,H,] + keip[CoH7N"][C,H, + He]

= +kpa[C7HsN™][CoH, ] — kpa,ca1[CoH,NT][C,H, ]

— kp;i[CoH;N*F][C,H,] — Kep[CoH,N**][C,H, + He]

d[Cy1HgN"™]
dt

d[Cy1HoN™]
dt

rate coefficient (cm®s™")
3.8(x0.4) x 107"
1.3(x0.3) x 107"

3.6(+0.7) x 10712

an

= + kp;[CoH;N""][C,H;]

= + kraci11[CoH5 N**][C,H,]

type
radiative association
bimolecular
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label

Kra

Kb

Krac11

number density range CoH» (cm's)
6.1x10%-2.6x10""
6.1x10° -2.6x10""

1.2x1019-8.7x10'0
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Figure 3. Experimental infrared spectra (gray) of the (a) m/z 129, (b)
m/z 154, and (c) m/z 155 reaction intermediates and products of the
ion—molecule reaction between benzonitrile** (CsH;CN**) and
acetylene (C,H,). Calculated infrared frequencies of the assigned
structures are shown as sticks for (a) the noncovalent acetylene-
benzonitrile®* complex (R1, green), (b) benzo-N-pentalene® (BI7,
blue) and benzo-N-pentaleneCH, " isomers (BII3, orange/BIII2, red)
and (c) 2-phenylpyridine®* (R8, red). The theoretical spectra of the
m/z 129 and m/z 155 ions are calculated at the harmonic B3LYP-
GD3/6-3114++G(2d,p) level of theory, whereas the spectra of the m/z
154 isomers have been calculated at the anharmonic B3LYP-GD3/
NO7D level of theory.
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Supplementary Figure 6: Experimental infrared fingerprint spectrum (grey) of the intermediate with m/z
129. Calculated vibrational modes are shown for (a) the assigned noncovalent acetylene benzonitrile™
complex (R1, green), (b) N-acetylene-benzonitrile™ (R4, purple), (c) two N-acetylene-benzonitrile™
conformers (R2, R3, orange and blue, respectively) and (d) isoquinoline®* (RII3, pink). The calculations
have been performed at the harmonic B3LYP-GD3/NO7D level of theory. The zero-point vibrational energy

corrected electronic energies of the molecules are shown relative to the energy of the entrance channel.
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Supplementary Figure 8: Experimental infrared fingerprint spectrum (grey) of the reaction product with
myz 154, Calculated anharmonic vibrational modes are shown for (a) benzo-N-pentalene™ (BI7, blue), (b)
benzo-N-pentaleneCH:" (BII3, orange) and (c) a different benzo-N-pentaleneCH;* isomer (BIlI2, pink). The
calculations have been performed at the anharmonic B3LYP-GD3/NO7D level of theory. The zero-point

vibrational energy corrected electronic energies of the molecules are shown relative to the energy of the

entrance channel.
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Supplementary Figure 9: Experimental infrared fingerprint spectrum (grey) of the reaction product with

my/z 154. Calculated anharmonic vibrational modes are shown for the benzo-N-pentalene® (BI7, blue),
benzo-N-pentaleneCH:" (Bll3, orange) and benzo-N-pentaleneCH:" isomer (BIlI2, green). The calculations
have been performed at the anharmonic B3LYP-GD3/NO7D level of theory. A convoluted spectrum with
equal contributions of all three isomers is shown in red.
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Figure 4. PES of the benzonitrile®® (C;H;CN®*) with acetylene
(C,H,) reaction toward the observed 2-phenylpyridine®* (RS, m/z
155, red pathway). The small red dots along the pathway display the
addition of a new acetylene molecule. The energies are calculated at
the B3LYP-GD3/NO07D level of theory and are corrected for the zero-
point vibrational energy (values are provided in Supporting Table 2).
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Figure 5. PES of the benzonitrile®” (C{H.CN**) with acetylene
(C,H,) reaction toward the m/z 154 isomers benzo-N-pentalene’
(BI7, blue pathway), benzo-N-pentaleneCH,* (BII3, orange path-
way) and benzo-N-pentaleneCH," isomer (BIII2, yellow pathway).
The first part of the reaction pathway (red) up to R7 follows the
calculated path from Figure 4. The small dots along the pathway
display the addition of a new acetylene molecule. The energies are
calculated at the BALYP-GD3/NO07D level of theory and are corrected
for the zero-point vibrational energy (values are provided in
Supporting Table 3).
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Figure 6. NCI plots of intermediate and transition states of the reaction pathways toward 2-phenylpyridine®* (RS, red arrows), benzo-N-pentalene”
(BI7, blue arrows) and isoquinoline®* (RII3, green arrows). The strengths of the NCIs are shown by the color spectrum ranging from red (strong
repulsion), green (weak attraction) and blue (strong attraction). The calculated angle of the C—C—N group is shown next to the structures.



* The reactivity of aromatic species is significantly enhanced by the presence of nitrogen
heteroatoms as observed here for benzonitrilee+ where the product structures have
formed a new N-C bond

* both the first reaction step via the noncovalent prereactive complex (R1) and the
sequential reaction toward 2-phenylpyridinee+ proceed via fast radiative association
reactions.

e The formation of the cis-isomeric form of the C4H4-group within R7 is favored by
attractive vdW forces and thereby favors sequential ring-closure to 2-phenylpyridinee+
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