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2. SI related to EXPERIMENTAL

2.1. H-NMR analyses of iodonaphthalene precursors
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Figure S 1: The top red spectra is H-NMR, spectra of 1-iodonaphthalene of 97% purity. The bottom black spectra is H-NMR

spectra of 2-iodonaphthalene of >98% purity
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Figure S 2: Enlarged H-NMR spectra between 7.89 and 8.43, where the top red spectrum is of 1-iodonaphthalene (97%) and
the bottom black spectrum is of 2-iodonaphthalene (>98% purity)
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2.2. Control experiments: The photolysis of various precursors without CyH,

The signals at m/z = 126, 127, 128, and 254 appeared after the photolysis of each radical precursor
(C1oH,I) with no acetylene (CyH,). The small signal at m/z = 126 showed similar time-dependent behavior
to m/z = 127 (Figure S3), which might indicate that m/z = 126 is a product from dissociative ionization
where ionization of m/z = 127 photolysis product leads to some fragmentation into m/z = 126 and H atom.
The m/z = 254 signal mainly corresponds to the 1- (or 2-) iodonaphthalene precursor (IE = 8.03¢eV).[1],
while I, and CyH;, might partially contribute to the m/z =254 signals after photolysis. The m/z = 127
and 128 signals are consistent with the naphthalenyl radical and naphthalene, but also I-atom and HI. The
literature IEs for naphthalene, I-atom, and HI are 8.144 eV, 10.451 26 eV, and 10.386 €V, respectively,[2] and
lower than the energy of the PI laser (10.49eV). In Figure S3, the measured time-dependent mass signal at
m/z = 127 and 128 is shown with the ratio of m/z = 128 to m/z = 127 (Figure S3b). The main photolysis
channel is C; H; + I; both of these species have m/z = 127. The rise time of the m/z = 127 signal is
apparently due to diffusion of the radicals across the narrow gap from the photolyzed region to the sampling
pinhole; this rise time is sensitive to alignment of the photolysis laser.

Several different processes affect the ratio of the m/z = 128 to m/z = 127 signals. At long times most
of the naphthalenyl radicals are expected to have reacted away, primarily by recombination, so the m/z
= 127 signal is expected to be predominantly due to the less-reactive iodine atoms. The I atoms also are
moderately reactive, so as expected the m/z = 127 signal drops off at the longest times, causing the 128/127
ratio to rise. At the shortest time points, the m/z = 127 signal is a sum of naphthalenyl radical + I atom,
with the I atom being more important because of its high PICS. The very small m/z = 128 signal at the
earliest times indicates that the direct photolytic production of HI 4+ C;yHg is negligible, consistent with
the very small signal observed at m/z = 126. Some of that very small m/z = 128 signal seen at the earliest
times is likely due to *C isotopomer of CyyH;.

The m/z = 128 signal rises rapidly around 1 ms up to a peak around 2 ms after the photolysis pulse. We
believe that this rapid increase in signal is primarily caused by C,yH; radicals abstracting an H atom at the
sampling pinhole as discussed in the main text (referred to as pinhole reaction). The m/z = 128 signal due to
this process peaks and declines as the concentration of C,yH, radicals drops due to recombination. However,
there is a residual m/z = 128 signal at longer times when the C;,H; concentration is very small. Some of this
is stable naphthalene C,,Hg formed by wall reactions inside the reactor or C,yH; 4+ C;yH; disproportionation
reactions in the gas phase, and some is stable HI formed from C;,H; + I disproportionation, all at earlier
times when the C; H; concentration was high. Some is also HI formed from I atoms abstracting an H from
the wall of the reactor. A portion of the m/z = 128 signal could be from I atoms abstracting an H atom
from the pinhole as they exit towards the mass spec. However, surely not all of the m/z = 128 signal could
be due to that process, since in that case the 128/127 ratio would stay constant and the 128 signal would
drop in concert with the 127 signal at long times, different from what was observed. From analyzing the

data shown in Figure S3a, less than 25% of the I atoms react in the sampling pinhole.
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Since m/z = 127 overlaps with C;yH, and I atom, in order to further investigate this pinhole reaction
separately on C,yH; and I atom, additional control experiments have been carried out using different pre-
cursors without acetylene: vinyliodide (C,H3I) and 1-bromonaphthalene (C,,H;Br). As you can see from
the Figure S3c, the result is consistent with H-addition reaction at short reaction times which we attribute
to pinhole reaction. The m/z = 128 signal rapidly peaks at early time scale soon followed by decrease after
the photolysis of 1-bromonaphthalene without acetylene. This result indicates that C;,Hg is rapidly being
formed through H-atom addition to 1-naphthalenyl radical likely due to pinhole reaction at the earliest
times when the C;,H; radical concentration is high, but decreases at longer time scale as the concentration
of C,yH; radicals drops due to recombination. In the case of the photolysis of vinyliodide without acetylene,
m/z = 128 signal behavior contrasts with that when using 1-bromonaphthalene as a precursor: gradually
increases with time with no initial peak, although a slight jump of m/z = 128 signal was observed around
400 us, likely due to pinhole reaction. But in case of I atom (m/z = 127), the wall reaction inside the reactor
seems more dominant compared to pinhole reaction. This can be rationalized by relatively less reactive
characteristic of I atom compared to naphthalenyl radical. If we simply apply linear combination between
red open symbols and cyan open symbols from Figure S3c, we can qualitatively get the similar m/z = 128

behavior when using iodonaphthalene as a precursor shown in Figure S3d.
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Figure S 3: (a) The comparison between time-dependent integrated mass spectral signals at m/z = 126, 127 and 128 measured
up to 10 ms after the photolysis of 2-iodonaphthalene without acetylene at 700K, 25 Torr. Open symbols (red: m/z = 126;
black: m/z = 127; cyan: m/z = 128) indicate the signal from the experiments. Black solid line is the first order sampling rate
model. (ksampling= 1600 s71) (b) the ratio of integrated mass-spec signal at m/z = 128 to 127 up to 10 ms. (c) Time-dependent
integrated mass spectral signals at m/z = 128 measured up to 5 ms after the photolysis of different precursors without acetylene
under different experimental conditions. Red open symbols indicate the m/z = 128 signals observed after the photolysis of
1-bromonaphthalene at 300K, 10 Torr. Cyan open symbols indicate the m/z = 128 signals observed after the photolysis of
vinyliodide at 300 K, 25 Torr (d) Time-dependent integrated mass spectral signals at m/z = 128 measured up to 10 ms after
the photolysis of 2-iodonaphthalene without acetylene at 700 K, 25 Torr.
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3. SI related to KINETIC MODELING

3.1. A list of the estimated reactions in the kinetic model

In order to make reasonable estimated rates, a few reaction rates from previous references have been
adopted to compare with the estimated rates. In the case of the recombination reaction CoHg + I — CyH;I,
the vinyl radical self-reaction rate[3] has been set as the upper bound for this rate coefficient since I atom
is less reactive than vinyl radical. C,H; + N1-2 — VNP-2 has been calculated at the level of theory of
CBS-QB3 using Transition State Theory. In the case of disproportionate reactions (e.g. N2-2 + I — ETN-2
+ HI), the rates are estimated to be comparable to the rate of the reaction C,Hs + Cl — C,H, + HCL[4]

Table S 1: Estimated Arrhenius equation parameters included in this study See Scheme 2 for definition of species labels.

Reactions A n  E, (kcalmol™!)
C,Hy + N1-1 — VNP-1 2.2 x 102 3.01 -8.251
C,H; + N1-2 — VNP-2 2.2 x 102 3.01 -8.251
CoHy +1 — C,HyI 1x 103

n-C,H; + I — C,H;I 1 x 103

c-CyHy +1 — C,H;I 1x 103

N1-1+1 — C H,I 1 x 1013

N1-2 +1 — C;,H,I 1x 1013

N2-2 +1 — Cp,Hgl 1x 103

N2-1 +1 — Cy,Hgl 1x 1013

N17-2 + I — C,,Hgl 1 x 1013

N6-2 + I — C;,Hgl 1x 1013

N11-1 + 1 — C,Hgl 1x 103

N11-2 + I — C,,Hgl 1x 101

N7-1+1 — C,Hgl 1x 1013

N7-2 +1 — Cp,Hgl 1x 103

N6-1 +1 — Cy,Hgl 1x 103

N8-2 +1 — Cp,Hgl 1x 103

N14-2 + T — Cy,HgI 1x 103

N14-1 + T — C,Hgl 1x 103

AN1 +1 — C,Hgl 1x 1013

AN2 +1 — Cj,Hl 1x 103

N81+1 — Cy,Hgl 1 x 103

N16-2 + I — C,Hgl 1x 103




Reactions A n  E, (kcalmol™!)
C,Hy +1 — C,H, + HI 5.7 x 106 2.70 0.956
n-C,H; + I — C,H, + HI 5.7 x 105 2.70 0.956
c-C,Hy +1 — C,H, + HI 5.7 x 106 2.70 0.956
N2-2 + 1 — ETN-2 + HI 5.7 x 106 2.70 0.956
N2-1 +1 — ETN-1 + HI 5.7 x 106 2.70 0.956
N17-2 + 1 — CBaN® + HI 5.7 x 106 2.70 0.956
N6-2 + I — CBaN + HI 5.7 x 106 2.70 0.956
N11-2 + I — CBbNP + HI 5.7 x 105 2.70 0.956
N11-1 + I — CBaN + HI 5.7 x 106 2.70 0.956
N7-2 +1 — CBbN + HI 5.7 x 106 2.70 0.956
N7-1 + 1 — CBaN + HI 5.7 x 106 2.70 0.956
N6-1 + 1 — CBaN + HI 5.7 x 106 2.70 0.956
N8-2 +1 — CBaN + HI 5.7 x 106 2.70 0.956
N14-2 + I — ETN-2 + HI 5.7 x 106 2.70 0.956
N14-1 + I — CBaN + HI 5.7 x 106 2.70 0.956
AN1 +1 — ACN + HI 5.7 x 105 2.70 0.956
AN2 +1 — ACN + HI 5.7 x 105 2.70 0.956
N8-1+1 — ACN + HI 5.7 x 106 2.70 0.956
N16-2 + I — CBbN + HI 5.7 x 106 2.70 0.956

ab (C,,Hg isomer. Negligible amount was formed in the model prediction.




3.2. A list of the additional PICS info

Table S 2: Supplementary Photoionization cross-sections (PICS)

m/z Species PICS (Mb) 2 ¢ Uncertainty (Mb) Reference
52 vinylacetylene 32 + 2 Ref. 5
68 furan 14 +3 Ref. 6
78 benzene 30 +4 Ref. 7
78 fulvene 30 +4 a
84 cyclohexane 20 +4 Ref. 5
92 toluene 31 +3 Ref. 8
100 n-heptane 10 +1 Ref. 8
127 I 74 +33-23 Ref. 9
128 HI 80 + 40P Ref. 10

2 assumed to have the same PICS of benzene

b

10

assumed with a 50% uncertainty
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3.3. Estimation of initial concentration of C,,H, radical determined from the observed signal at m/z=127

The first-order sampling rate method was also used to determine the initial concentration of C; H;
radical, [C;yH;]o as shown in Figure S4. It was assumed in the model that the initial concentration of the I
atom determined from the observed signal at m/z=127 was equal to [C;oH7]o. This assumption is reasonable
since the kinetic modeling showed that most C,yH; radicals were consumed before I atom reached its peak
(within 2 ms), and the PICS of I atom (74 Mb) is expected to be significantly larger than that of C, H, (13
Mb; assumed to be same as the PICS of vinyl radical). [9, 11]
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Figure S 4: The first-order sampling rate method used to determine the initial concentration of C;,H; radical, [C;yH;]o, in
the model assuming that the initial concentration of the I atom determined from the observed signal at m/z=127 is equal to
[C10H~]o. Reactor conditions were (a) 1-naphthalenyl + C5H,, 500 K, 25 Torr; (b) 1-naphthalenyl + C,H,, 700K, 25 Torr; (c)
1-naphthalenyl + C,H,, 800K, 25 Torr; (d) 1-naphthalenyl + C,H,, 500 K, 50 Torr; (e) 1-naphthalenyl + C,H,, 700 K, 50 Torr;
(f) 1-naphthalenyl + C,H,, 800K, 50 Torr; (g) 2-naphthalenyl + C,H,, 500K, 15 Torr; (h) 2-naphthalenyl + C,H,, 600K,
15 Torr; (i) 2-naphthalenyl + C,H,, 700K, 15 Torr; (j) 2-naphthalenyl + C,H,, 800K, 15 Torr; (k) 2-naphthalenyl + C,H,,
500K, 25 Torr; (1) 2-naphthalenyl + CoH,, 600K, 25 Torr; (m) 2-naphthalenyl + C,H,, 700K, 25 Torr; (n) 2-naphthalenyl +
C,H,, 800K, 25Torr. Black open circles indicate the signal at m/z = 127; Black solid line is the first order sampling rate

model.
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4. SI related to RESULTS AND DISCUSSION

4.1. Pressure dependence of 2-naphthalenyl + CyH, system
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Figure S 5: The normalized branching ratio of m/z = 178 to m/z = 152 in 2-naphthalenyl + C,H, at various time delays. The
experimentally observed and the model simulated branching ratio values at various time were normalized to corresponding value
at 8 ms. Open circle symbols indicate the experimentally observed ratio of m/z = 178 to m/z = 152 under each experimental
condition (green: 800 K, 15 Torr, and black: 800 K, 25 Torr); Solid lines indicate model predicted ratio of m/z = 178 to m/z
= 152 under each experimental condition (green: 800 K, 15 Torr, and black: 800 K, 25 Torr).

4.2. Additional Ezxperimental Data

In this section, we provide additional experimental data that was not included in the main manuscript

but discussed below.

4.2.1. Discussion on the side products
As shown in Figure S7 and S11 the model captured all these side products (i.e. m/z = 127: T atom;
m/z = 128: HI atom; m/z = 52, vinylacetylene (C,H,); m/z = 78: benzene and fulvene). According to

12
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the model prediction, vinylacetylene, benzene, and fulvene production originated from acetylene addition to
vinyl radical (formed from the side reaction CoHy+H). The side chemistry model significantly overpredicted
vinylacetylene (m/z = 52) production, but this turned out to be less sensitive on the model chemistry
of interest (i.e. acetylene addition to naphthaleneyl radical). The overprediction might indicate incorrect
other estimated side reactions affecting C,H, formation (e.g. C,H;I formation chemistry). Although these
behaviors might be interesting for future studies, C,H, chemistry was beyond the scope of the current work.
It is observed that the m/z = 127 signal decreased after 2ms, primarily reflecting I atom consumption; this
behavior shows a negative temperature dependence between 500 K and 800K in l-naphthalenyl + C,H,
system, while I atom consumption showed positive temperature dependence in 2-naphthalenyl + C,H,
system. All these discrepancies indicate that adopted or estimated I atom chemistry in the model might not
be precise enough to explain I atom consumption throughout the whole experimental conditions. I atom
consumption was beyond the scope of the current work to investigate the PAHs formation from naphthalenyl

+ acetylene, although this reaction might be interesting for future studies.

4.2.2. Discussion on discrepancy of m/z = 153 signals for more experimental conditions

In Figure S8a and S10a (both 500 K), the model predicted m/z = 153 signal is mostly attributed to
C15Hy non-RSR species, so we can see huge discrepancy between the observed m/z = 153 signal and model
prediction. In Figure S8b and S10b (both 600 K), the model predicted m/z = 153 signal is also mostly
attributed to C;,Hy non-RSR species, so we can claim that the discrepancy before 4 ms is due to unusually
small PICS of C,43Hg non-RSR species. However, after 4 ms, the model agreement with the experimental
data is good. which is not consistent with the hypothesis mentioned. We don’t understand this behavior.
In Figure S8c and S10c (both 700 K), the model agreement is good after 3 ms. This is because m/z = 153
signal after 3 ms is mostly attributed to C;,Hq RSR species isomerized from C;,Hg non-RSR species. In
Figure S8d and S10d (both 800 K), the model agreement is within the uncertainty ranges. This is because

at high temperature, C;,Hq RSR species become dominant in the system.

13
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Figure S 6: (top) Time-dependent integrated m/z signals measured up to 10 ms after the photolysis of the 1-iodonaphthalene in
the presence of CoH,. Red open circles indicate the m/z=152 signal; blue open circles indicate m/z=178 signal; and the black
cross symbols (+) indicate the m/z=153 signal from the experiment. Solid lines (red: m/z=152, blue: m/z=178, and black:
m/z=153); and dashed lines (yellow: N8-1; cyan: ACN, acenaphthylene) correspond to the model prediction under each set of
experimental conditions. In (c), the black solid line (including its error bars), yellow dashed line, and black cross symbols have
been multiplied by 8 for scale. Uncertainty ranges of the model predictions (due to uncertainties in PICS) are shown as error
bars. (Bottom) The branching ratio of m/z=152 to m/z=153. Black open triangle symbols indicate the experimentally observed
ratio of m/z=152 to m/z=153; Black dashed line indicates model predicted ratio of m/z=152 to m/z=153. Reactor conditions:
(a) and (d) 500K, 50 Torr, initial radical concentration [C;,H,]o = 4.6 x 10! moleculescm™3; (b) and (e) 700K, 50 Torr,
[C10H7Jo = 4.0 x 101! moleculesem™3; (c) and (f) 800K, 50 Torr, [C;,H;]o = 3.1 x 10*! moleculescm™3. The concentration

of C,H, for all the experiments was 3x10'6 molecules/cm3.
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Figure S 7: The comparison between time-dependent integrated mass spectral signals at m/z = 52, 78, 127, and 128 and the
model prediction of corresponding mass channel under various experimental conditions. Open symbols (black: m/z = 127;
cyan: m/z = 128; magenta: m/z = 52, green: m/z = 78) indicate the signal from the experiments and solid lines correspond
to the model prediction under each condition. Uncertainty ranges of the model predictions (due to uncertainties in PICS) are
shown as error bars. Reactor conditions were (a) 500K, 25 Torr; (b) 700K, 25 Torr; (c) 800K, 25 Torr; (d) 500K, 50 Torr; (e)
700K, 50 Torr; (f) 800 K, 50 Torr.
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Figure S 8: (Top) The comparison between time-dependent integrated mass spectral signals at m/z=153 measured up to
8ms after the photolysis pulse for the reaction of 2-naphthalenyl radical with C,H, under various experimental conditions
and the model prediction of m/z=153 products which are radical species (both RSR and non-RSR). Black cross symbols
indicate the signal at m/z=153; solid black line is a sum of red dashed line (C;,Hy non-RSR species) and blue dashed line
(C;9Hg RSR species) that indicate the model prediction under various experimental conditions. Dotted lines indicate each
labeled C;,Hq radical species. The notation in the legends is described in Scheme 2. (Bottom) The comparison between
time-dependent integrated mass spectral signals at m/z=154 and the model prediction of corresponding mass channel under
various experimental conditions. Red open square symbols indicate the signal at m/z=154 from the experiments. Dashed lines
(magenta: vinylnaphthalene originated from H-atom addition to 10% of each C;,Hy non-RSR species at the pinhole; blue:
vinyliodide + vinylnaphthalene formed through C,,Hg + H atom from secondary chemistry), and red solid line (sum of all
dashed lines) correspond to the model prediction under each condition. Uncertainty ranges of the model predictions (due to
uncertainties in PICS) are shown as error bars. Reactor conditions were (a) and (e) 500K, 15 Torr; (b) and (f) 600K, 15 Torr;
(c) and (g) 700K, 15 Torr; (d) and (h) 800K, 15 Torr
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Figure S 9: (top) Time-dependent species concentrations measured up to 8 ms after the photolysis pulse for the reaction of
2-naphthalenyl radical with acetylene. Red open circles indicate the signal at m/z=152; blue open circles indicate the signal at
m/z=178; black crosses indicate the signal at m/z=153. Solid lines correspond to the model prediction under each experimental
condition: red solid line indicates m/z=152; blue solid line indicates m/z=178; black solid line indicates m/z=153 species.
Uncertainty ranges of the model predictions (due to uncertainties in PICS) are shown as error bars. (bottom) The product
branching ratio between m/z=152 and m/z=178. Black open triangle symbols indicate the experimentally observed ratio
of m/z=152 to m/z=178; Black dashed line indicates predicted ratio of m/z=152 to m/z=178 from the model simulation.
Reactor conditions were (a) and (e) 500K, 25 Torr, initial radical concentration [C;,H,]o = 3.6 x 101! moleculescm™3; (b)
and (f) 600K, 25 Torr, initial radical concentration [C;yH;]o = 4.9 x 10! moleculescm™3; (c) and (g) 700K, 25 Torr, initial
radical concentration [C;oH,]o = 3.1 x 10!! moleculescm™3; (d) and (h) 800 K, 25 Torr, initial radical concentration [C;,H,]o

= 2.1 x 10! moleculescm™3. The concentration of C,H, for all the experiments was 3x 106 molecules/cm3.
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Figure S 10: (Top) The comparison between time-dependent integrated mass spectral signals at m/z=153 measured up to
8ms after the photolysis pulse for the reaction of 2-naphthalenyl radical with C,H, under various experimental conditions
and the model prediction of m/z=153 products which are radical species (both RSR and non-RSR). Black cross symbols
indicate the signal at m/z=153; solid black line is a sum of red dashed line (C;,Hy non-RSR species) and blue dashed line
(C;9Hg RSR species) that indicate the model prediction under various experimental conditions. Dotted lines indicate each
labeled C;,Hq radical species. The notation in the legends is described in Scheme 2. (Bottom) The comparison between
time-dependent integrated mass spectral signals at m/z=154 and the model prediction of corresponding mass channel under
various experimental conditions. Red open square symbols indicate the signal at m/z=154 from the experiments. Dashed lines
(magenta: vinylnaphthalene originated from H-atom addition to 10% of each C;,Hy non-RSR species at the pinhole; blue:
vinyliodide + vinylnaphthalene formed through C,,Hg + H atom from secondary chemistry), and red solid line (sum of all
dashed lines) correspond to the model prediction under each condition. Uncertainty ranges of the model predictions (due to
uncertainties in PICS) are shown as error bars. Reactor conditions were (a) and (e) 500 K, 25 Torr; (b) and (f) 600K, 25 Torr;
(c) and (g) 700K, 25 Torr; (d) and (h) 800K, 25 Torr
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Figure S 11: The comparison between time-dependent integrated mass spectral signals at m/z = 52, 78, 127, and 128 and the
model prediction for corresponding mass under various experimental conditions. Open symbols (black: m/z = 127; cyan: m/z
= 128; magenta: m/z = 52, green: m/z = 78) indicate the signal from the experiments and solid lines correspond to the model
prediction under each condition. Reactor conditions were (a) 500K, 15 Torr; (b) 600K, 15 Torr; (¢) 700K, 15 Torr; (d) 800 K,
15 Torr; (e) 500 K, 25 Torr; (f) 600 K, 25 Torr; (g) 700K, 25 Torr; (h) 800K, 25 Torr.
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4.3. Rate of Production Analysis

In this section, the ROP analysis data are available
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Figure S 12: Rate of production analysis on acenaphthylene in 1-naphthalenyl + C,H, system. Each row represents corre-

sponding time and each column represents corresponding temperature
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Figure S 13: Rate of production analysis on 2-ethynylnaphthalene in 2-naphthalenyl + C,H, system. Each row represents

corresponding time and each column represents corresponding temperature
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Figure S 14: Rate of production analysis on phenanthrene in 2-naphthalenyl + C,H, system. Each row represents corresponding
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Figure S 15: Rate of production analysis on anthracene in 2-naphthalenyl + CyH, system. Each row represents corresponding

time and each column represents corresponding temperature
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4.4. Model simulation with reduced PICS of Acenaphthylene (ACN)
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Figure S 17: Corresponding to Figure 2 in the main text. The only difference is that the PICS of ACN has been reduced by a
factor of three (54 Mb — 18 Mb)

4.5. Discrepancy (#): Unexpected observation on m/z = 178 signal in 1-iodonaphthalene experiments

Discrepancy (ii) is the unexpected appearance of m/z = 178 signal when l-naphthalenyl is reacted
with CoH, at temperatures >700K as can be observed in Figure 2. Although m/z = 178 species such as
phenanthrene and anthracene are predicted (and observed) to be major products from 2-naphthalenyl, none
of the theoretical studies predict significant m/z =178 formation from 1-naphthalenyl. We consider many
potential explanations for this discrepancy: (ii.1) impurity in starting material, (ii.2) fast isomerization of
the nascent radicals, (ii.3) a missing C,H, addition reaction in the mechanism, (ii.4) secondary chemistry
of C,H; side product forms m/z=178, (ii.5) significant misestimation of rate coefficients for reactions in
the model, and (ii.6) much of the m/z = 178 observed is C,H;I rather than C,,H,,. Each is discussed in
turn here. First, we consider the possibility of opposing isomer contamination (2-iodonaphthalene) in the
precursor (1-iodonaphthalene), explanation (ii.1). If 2-iodonaphthalene were present in the reactor during
the 1-iodonaphthalene experiments, then some 2-naphthalenyl radical would be formed, and that would form
C,4 PAHs through sequential acetylene addition. However, as mentioned in the experimental section, the
opposing isomer contamination in the starting material has been measured to be less than 0.5% by NMR.
It is possible that the 2-iodonaphthalene impurity level in the reactor is higher than in the starting material
(e.g. if there was some 2-iodonaphthalene carry-over in the apparatus from earlier experiments, or if some
of the 1-iodonaphthalene isomerizes to 2-naphthalene on the walls of the reactor.) However, even assuming

10% of 2-naphthalenyl radical included in initial naphthalenyl radical concentration under the experimental
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condition same as Figure 2c¢, this could only explain up to 17% of m/z = 178 mass signal observed in Figure
2c. Extremely high contamination, which reproducibly varied in specific ways depending on the experimental
conditions, would be required for isomer contamination to explain the data. This is implausible. So we don’t
believe isomer contamination can explain our observation of significant m/z=178 signal in the 1-naphthalenyl
experiments.

We considered the possibility (ii.2) that the observed discrepancy may be due to improper treatment of
the isomerization between 1-naphthalenyl and 2-naphthalenyl radicals. For example, excess energy deposition
in 1-naphthalenyl radicals produced by the photolysis laser flash could cause isomerization to 2-naphthalenyl
before the nascent radical is thermalized by the bath gas. To assess this possibility, a simple assessment
of this isomerization was performed using Rice-Ramsperger-Kassel-Marcus (RRKM) theory [12] and the
result suggested that isomerization was negligible at our experimental conditions. The detailed calculation
is presented in the Supplementary Information 4.5.

We now consider hypothesis (ii.3), that another reaction pathway, previously not considered in the model
chemistry [13] exists. The fact that species N8-1 was formed in significant amounts in the model under every
temperature condition (Figures 2a—2c) suggests that its reaction with C,H, might be important; however,
the second C,yH, addition to N8-1 in Scheme 1 has not been considered in the model. This might suggest
that another species formed by the second CyH, addition to N8-1, not considered, may be responsible for
the signal at m/z = 178. A set of CBS-QB3 ab initio calculations of the second acetylene reaction to N8-1
has been carried out using Automated Reaction Calculator (ARC) and Gaussian 16, and the new reaction
with the lowest barrier is shown in Figure S18 in the Supplementary Information.[14, 15] However, the
reaction (High-pressure limit rate coefficient k& = 5.99 x 10 cm® mol~!s=! at 800K to form m/z = 179 that
is followed by immediate dissociation to m/z = 178) was able to account for only 5% of observed m/z = 178.
The level of theory used in the literature kinetic model was G3(MP2,CC) [13], while the level employed here
was CBS-QB3, which is not quite as accurate. To test the sensitivity of the N8-1 + C,H, reaction rate to
possible errors in the computed barrier height, the rate coefficient of this reaction at 800 K was calculated
with a 2 kcal/mol lower barrier height. This rate coefficient k& was 1.26 x 107 cm® mol~!s~! at 800 K, which
can only account for up to 15% of observed m/z = 178. So while the N8-1 +C,H, reaction is not completely
negligible, it does not appear to be fast enough to explain the large observed m/z=178 signal.

The bimolecular reaction between vinyl radical (C,Hj3) and N8-1 forming H radical and a product at
m/z = 179 was also considered as a possible source of m/z = 178, hypothesis (ii.4). This reaction was added
to the kinetic model with an intentionally overestimated rate of k& = 3.0 x 10" cm?® mol~'s™! to assess its
potential significance. However, this reaction only accounted for up to 11% of the observed m/z = 178
even assuming immediate and full dissociation of the species at m/z = 179 (from the bimolecular reaction
above) into a stable product with m/z = 178 and H atom (see the red pathway in Figure S18 and the model
prediction in Figure S 19¢). So this reaction cannot explain the observations.

Another hypothesis (ii.5) for the discrepancy between model and experiment is that the parameters used
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to describe the reaction kinetics and the thermochemistry in the model are inaccurate. If the well-skipping
reaction of 1-naphthalenyl radical + C,H, to form acenaphthylene is overpredicted in the model, the ratio
of 152:153 predicted by the model at early times would be way off, and the concentration of 153 would be
underpredicted, affecting the predictions of the rates of the subsequent reactions that convert 153 into 152
(and 178). To test this hypothesis, a sensitivity analysis under the experimental condition similar to Figure
2c was performed for each yield of phenanthrene, anthracene, and C;,H;, (m/z = 178 species in Figure S18)
to help identify reaction parameters the reactions are sensitive toward and determine if an improvement
can be achieved by adjusting a certain parameter (See Figure S20). In Figure S20a and b, the computed
k for the well-skipping reaction of 1-naphthalenyl radical + C,H, to form acenaphthylene has the largest

d(é?]f )n) of around -1 on both phenanthrene and anthracene formation (where C}, is the concentration of the
1

species n and k; is the rate coefficient of the reaction ). So reducing this k for the well-skipping reaction
by a factor of 5 will increase the yield of phenanthrene and anthracene by about 5 times (if we assume
the sensitivity coefficient is constant with respect to well-skipping reaction rate coefficient k). This might
suggest that adjustment in other rate coefficients can improve the agreement between the model and the
experimental data further. However, it has to be noted that the the model prediction on m/z = 178 signal is
about 4 orders of magnitude smaller than experimentally observed signal at m/z = 178. We do not believe
the values of the rate coefficients in the model, which are derived from quantum chemistry, can be off by 4
orders of magnitude. For this reason, we doubt errors in the numerical values of parameters in the model are
responsible for the large discrepancy for m/z = 178, although they might partially explain the discrepancy.
Instead we suspect the model must be completely missing key reaction(s) leading to an m/z=178 species.
Another possibility, hypothesis (ii.6), is that much of the m/z=178 signal observed from photolyzing
C,pH;I in the presence of C,H, is from C,HsI rather than C,,H,,. Because iodo compounds have much larger
PICS than hydrocarbons, even a small amount of C,H;I formation could explain this mysterious m/z=178
peak. We tested this hypothesis with an iodine-free control experiment: we photolyzed 1-bromonaphthalene
at 800 K and 25 Torr in the presence of acetylene. As shown in Figure S21a, m/z = 178 signal was not
observed to be significant, while m/z = 152 (C;,Hg) and m/z = 153 (C,,Hy) were observed as expected. This
indicates that the large m/z = 178 signal observed using C;,H,I as the radical precursor is an artifact related
to the presence of iodine atoms in our system. We think mostly likely the m/z = 178 is due to formation
of C4H,I, though this is not the only possible explanation (e.g. instead, presence of iodine could somehow
catalyze formation of C,,H;,. Our models do not predict such catalysis nor significant formation of C,H,I,
see section 4.11 in Supplementary Information. Also, we couldn’t observe C,HsBr which we expect to see
instead of C,HjI from the control experiment using 1-bromonapthalene with acetylene (Figure S22). So we
don’t understand the origin of this apparent artifact. If the presence of iodine in our system is somehow
forming an artifact at m/z = 178 in the 1-iodonaphthalene experiments, it is possible that same artifact
is occurring in the 2-iodonaphthalene experiments also, so there is uncertainty in the C,,H,, yield. It is

also plausible that C,H;I affects the observed time-dependent behavior of m/z = 178 in 2-naphthalenyl +
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acetylene system at longer time scales. This is discussed further in the following subsection.
200 We conclude discrepancy (ii) is due to iodine side-reactions not included in our models, probably mainly

due to the formation of C,H;I.

E, (kcal/mol) 17.81

4

Oe +H, or RH

m/z=178

. of® , CyHyo+ Hyor RH

\
O’ s
O ‘O T Cub i

m/z=179
| RSR
+ 7 GHs m/z=179

m/z=27 //

Figure S 18: Potential energy diagram for the secondary acetylene addition to N8-1 using the CBS-QB3 and suggested possible

pathways to the formation of m/z = 178 species.
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Figure S 19: Corresponding to Figure 2 in the main text. The kinetic model includes (i) intentionally reduced chemically

activated rate of acenaphthylene formation (i.e. 1-naphthalenyl radical + C,H, — ACN + H) by a factor of 5, (ii) N8-1 +

C,H; — m/z=178 + H,, (iii) acenphthylene + CyH3— m/z=178 + H (assumed k = 1.62 x 10'° cm® mol~!s~1), and (iv)

reactions indicated in Figure S18.
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Figure S 21: Time-dependent Time-of-Flight mass spectrometry raw signals of the photolysis experiment on (a) 1-

bromonaphthalene + acetylene measured up to 8 ms. Reactor condition was 800 K, 25 Torr, C,H, concentration was 3x1016

molecules/cm?, and (b) 2-bromonaphthalene + acetylene measured up to 15 ms. Reactor condition was 800 K, 25 Torr, C,yH,

concentration was 3x10'® molecules/cm?
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Figure S 22: Time-of-Flight mass spectrometry raw signals comparison between the photolysis experiment on 1-
bromonaphthalene + acetylene (red) and 1l-iodonaphthalene + acetylene (blue). Reactor conditions for both experiments
were 800 K, 25 Torr, CyH, concentration was 3x 106 molecules/cm3. Each raw mass spectra is the subtraction between corre-
sponding mass spectra at 8 ms and -200 us. By doing this, we can easily figure out which m/z signals originate from the reactions
after the photolysis. The numbers in the figure indicates the m/z of each peak. ’ac’ indicates that the corresponding peak is
from acetylene residual; 'p’ indicates that the corresponding peak is from the precursor used in each experiment (red peaks
with ’p’: from 97% purity 1-bromonaphthalene precursor; blue peaks with 'p’: from 97% purity 1-iodonaphthalene precursor);
’cal’ indicates that the corresponding peak is from calibration gases; Asterisk indicates that the corresponding peak is from the

reactions after the photolysis.
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4.6. Possibility of isomerization between 1- and 2-naphthalenyl radical

Since the residual energy after photolysis can possibly trigger unintentional isomerization between 1-
naphthalenyl radical and 2-naphthalenyl radical, a simple assessment of this isomerization has been carried
out using RRKM theory[12]. The dissociation energy of the 1-iodonaphthalene precursor to form I atom
and l-naphthalenyl radical is 2.795eV (Ref. 16), while the photolysis laser pulses in this study contains
4.606 eV per photon.[17] Assuming all the residual energy (1.811eV) stays in the 1-naphthalenyl radical af-
ter photolysis, parallel translation of the Boltzmann distribution of 1.811eV from the ground state has been
assumed. The external rotational terms for both reactant and transition state when using RRKM theory
were ignored. The collision frequency coefficient was calculated using the sum of the radii of acetylene and
benzene as the diameter of the target molecules. The collision frequency was calculated by multiplying the
number density of total gas molecules under our experimental conditions. This turned out to be around
2.67 x 108s~!. Quantum chemical information for 1-naphthalenyl radical and the transition state for iso-
merization to 2-naphthalenyl radical have been taken from the literature.[18] The density of states and sum
of states have been calculated using Beyer-Swinehart algorithm[19]. As a result, the normalized probability
at the energy in which the isomerization rate coefficient is equal to the collision frequency was below 10713,
as shown in Figure S23. This implies that under our experimental conditions, it is reasonable to ignore the

effect of isomerization between 1-naphthalenyl radical and 2-naphthalenyl radical.
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Figure S 23: RRKM calculation of 1- and 2-naphthalenyl radical isomerization. The left figure is the population profile with
regard to the energy states of 1-naphthalenyl radical well. The right figure shows the corresponding isomerization rate constant
at each energy state of the 1-naphthalenyl radical well. The red shaded region indicates the conditions where the isomerization

rate constant is faster than the collision frequency.
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4.7. Possibility of C,Hsl as a source of m/z = 178 observation in 1-naphthalenyl + CyH, system

C,H, (m/z = 52) is a source for C,H; radicals (m/z = 51) that later react with I atoms to form C,H,I
(m/z = 178). Since I-atom containing species usually have high PICS, even small concentration of C,H;I
can result in a significant m/z=178 signal in these photoionization experiments. To assess this possibility,
additional kinetic modeling was carried out. On top of the kinetic model used in this study, following rate
coefficients were added: C,H,+H—C,H;+H, with k=4.0 x 10! cm3 mol~!s~! [20]; C,H, + C,H;—C H; +
C,H, with k=4.0 x 10" cm® mol~!s™! (assuming same as C,H, + H—C,H; + H,); C,H; + [-C,H;I with
k=1.0 x 1013 cm® mol~! s71. Unfortunately, even assuming the PICS of C,H,I as 50 Mb, the kinetic model

indicated insignificant contribution of C,H3I into m/z = 178 signal observed from the experiments.
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Sensitivity of phenanthrene to rate coefficients

Sensitivity of anthracene to rate coefficients

Sensitivity analyses on the yield of phenanthrene and anthracene to rate coefficients at various temper-

Figure S 24: Sensitivity analysis on phenanthrene (left column) and anthracene (right column) in 2-naphthalenyl + C,H,
system. Each row represents corresponding temperature; Detailed experimental conditions to each corresponding temperature

are same as Figure 4 in the main text.
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conditions (2-naphthalenyl + CyH, system)

dIn[ETN-2)/dIn[k636]): N2-2+I=>ETN-2+HI
dIN[ETN-2)/dIn[k318]: C2H2+N2-2(+M}=H+PTR(+M)
dIN[ETN-2]/dIn(k332): C2ZH2+N2-2(+M)=H+ANT(+M}
dIn[ETN-2)/dIn[k26]: N11-2(+M)=N2-2(+M)
dIn[ETN-2)/dIn[k35]: CZH2+N1-2(+M)=N2-2(+M)
dIn[ETN-2)/dIn[k652): N2-2 +1=>C12H91
dIn[ETN-2)/dIn[k135): CZH2+N1-2(+M)=N11-2(+M)
dIn(ETN-2)/dIn[k668]: C2H3+1=C2HZ+HI
dIn[ETN-2)/dIn[k615]): C2H2+H(+M)=C2H3(+M)

dIN[ETN-21/dIn[k221]): N14-2(+M)=H+ETN-2{+M)

dINETR-2UdIn(k211]: N2-20+M)=H-+ETN-2(+M)
dIn[ETN-2]/dIR[K318): C2H2+N2-2(+M)=H+PTR(+M)
AIN[ETN-2)/dIn[k333): C2H24+N11-2(+M)=H+ANT(+M)
dIn[ETN-2)/dIn[k636): N2-2+1=>ETN-24HI
dIn[ETN-2)/dIn[k332]: C2H2 +N2-2(+M)=H+ANT(+M)
dIn[ETN-2]/dIn[k228): C2HZ+N1-20+M)=H+ETN-2(+M)
dIN(ETN-21/dIN[k35]: CZH2+N1-2(+M)=N2-2(+M}
dIn[ETN-21/dIn[k221]: N14-2(+M)=H+ETN-2(+M)
dInETN-21/dIn(k615]: C2HZ+H(+M)=C2H3(+M)

dIn[ETN-2/dIn[k319): C2H2+N8B-2(+M)=H+PTR(+M)

Figure S 25: Sensitivity analysis on 2-ethynylnaphthalene in 2-naphthalenyl + C,H, system. Detailed experimental conditions

Sensitivity of 2-ethynylnaphthalene to rate coefficients

| 500K

4.9. Sensitivity analyses on the yield of 2-ethynylnaphthalene to rate coefficients at various temperature
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dIn{ETN-2)/dIn[k211]: N2-2(+M)=H+ETN-2(+M)
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dIn[ETN-2)/dIn[k615]: C2ZH2+H(+M)=C2H3(+M)
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4.10. Additional kinetic model included model simulation on 2-naphthalenyl + C,H,

a b c d
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Figure S 26: Corresponding to Figure 4 in the main text. The kinetic model includes (i) intentionally reduced chemically
activated rate of -scission to form 2-ethynylnapthalene (i.e. N2-2 — ETN-2 + H) by a factor of 5, (ii) intentionally reduced
N2-2 + I — ETN-2 + HI by a factor of 2, and (iii) intentionally reduced N2-2 + C;H, — PTR + H by a factor of 5
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4.11. Time-dependent integrated mass-spec signals result from 2-bromonaphthalene + C,H, experiment

Since 2-naphthalenyl + C,H, system also uses 2-iodonaphthalene as a precursor, it is plausible that
C,H,I has an effect on the observed time-dependent behavior of m/z = 178 in 2-naphthalenyl + acetylene
system after the secondary chemistry (e.g. C,H, + H — C,Hj;). We tested this hypothesis using 2-
bromonaphthalene as a precursor. We photolyzed 2-bromonaphthalene at 800 K and 25 Torr in the presence
of acetylene. Since bromine atom is not detectable in our photoionization time-of-flight mass spectrometry,
using bromonaphthalene as a precursor has a disadvantage when it comes to estimation on both the initial
C,oH; radical concentration and the sampling time that are necessary for kinetic modeling. However,
different from iodine (m/z = 127), bromine (m/z = 79 and 81) doesn’t overlap with 1- and 2-naphthalenyl
radical (m/z = 127). So, it is clear that any observed m/z = 178 signal is solely attributed to C;,H;, species.

From Figure S21b, we can observe m/z = 178 signal as it is expected in the model simulation. So it
is clear to say that C;,H;, is formed by acetylene addition to 2-naphthalenyl radical (C,yH,). Also, from
Figure S27a, the m/z = 178 signal shows stagnant time-dependent behavior after 2 ms as expected in the
model simulation. It has to be noted that the sampling time is unknown from bromonaphthalene + C,H,
experiment. However, it is clear that m/z = 178 doesn’t increase any further after 2 ms, which indicates that
somehow formed C,HgI at the temperature above 700 K is a strong candidate for the discrepancy on m/z
= 178 signal increasing behavior at longer time scale as shown in Figure 4c and d. From these, we conclude

it is likely that discrepancy (iv) is mainly due to C,HsI formation in the system.
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Integrated MS Signal

Integrated MS Signal

Figure S 27: Time-dependent integrated m/z signals measured up to 8 ms after the photolysis of the 2-bromonaphthalene in
the presence of CoH,. Red open circles indicate the m/z = 152 signal; blue open circles indicate m/z = 178 signal; black cross
symbols (+) indicate the m/z = 153 signal; red open square symbols indicate the m/z = 154 signal; and black open triangle
symbols indicate the ratio of m/z = 152 to m/z = 178 from the experiment. Reactor conditions: 800K, 25 Torr, and the

concentration of C,H, was 3x106
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4.12. Cy H,, potential energy surface for Scheme 2
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Figure S 28: This figure has been taken from Figure 3 in [13] and modified. The level of theory is G3(MP2,CC)//B3LYP/6-
311G**. Energies are relative to 2-naphthalenyl radical + 2 C5H,
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