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Aerodynamic characterization of Laval nozzles: Pitot tube measurements of the impact pressure
The aerodynamic characterization of some of the employed nozzles was previously performed by using a Pitot tube. It consists
of a fast pressure transducer (Kulite model XCQ-062) that measures the impact pressure (P)) as a function of the distance from the
exit of the nozzle."® Knowing P; and the adiabatic expansion coefficient of the bath gas, the Mach number (M), T, n, P and
hydrodynamic time (fnyaro) through the jet were calculated. An extended description of CRESU system was reported by Jiménez et
al.llIn this work, we present the aerodynamic characterization of 5 Laval nozzles for new operational conditions (He15K at T = 14.6
K, He23K-LP at T = 18.6 K, He23K-IP at T = 26.9 K, Ar50K at T = 76.0 K and Ar100K at 135.0 K) (see Figures S1-S5)). These new
operational conditions, i.e. the required total pressure in the reservoir (Prs) and in the reaction chamber (Pg,), are listed in Table S2
for all supersonic flows together with the resulting jet temperature. The flow ranges of CH;CHO (Fchscho) shown in Table S1 are

those corresponding to the linear part of the second-order plots.

Table S1 Experimental conditions employed in the study of the CH;CHO+OH reaction.

T/K %He %Ar %N, n/10%cm3 Foutter / Slpm Fenacho / sccm Fuzo2/sccm  feuscno / 10 [CH3CHO]/ 10" cm3

11.7+0.7 100 6.88 £ 0.62 4.71-4.87 5.0-63.1 99.1 11 0.078 -0.979
13.0+£0.7 100 6.41+0.55 3.54-3.65 5.0-97.4 99.1 6-11 0.096 - 1.06
146 +1.0 100 4,98 +0.51 2.67-2.79 9.9-974 99.1 6 0.112-1.07
18.6 £ 0.6 100 5.53+0.25 4.45-4.57 5.0-974 61.8 6 0.038-0.743
21.1+0.6 100 3.37+£0.15 5.05-5.29 60.0-235.5 33.9 10 0.399-1.56
22.5+0.7 100 7.43 £0.32 9.56 -10.24 60.2 -633.1 80.5 5 0.211-2.22
21.7+1.4 100 16.7+1.6 9.31-11.67 15.2-143.6 19.3-99.1 8-12 0.326-1.76
269+1.1 91 9 4.08 £0.26 4,19-4.33 5.0-91.0 99.1 26 0.122-2.24
36.2+1.2 100 17.7+0.9 14.47 - 15.30 60.2-677.1 52.5 5 0.338-4.54
453+13 20 80 4.23+0.28 1.34-1.51 31.0-137.9 19.4 8 0.652-2.93
50.5+1.6 100 1.50+0.12 0.81-1.27 56.4-433.4 17.2 2 0.161-1.25
51.6+1.7¢° 100 4.17 £0.35 11.94-12.20 39.5-222.4 72.7 26-51 0.346-1.95
49914 74 26 8.33+0.41 3.57-4.15 60.1-587.6 12.8 4 0.474 -4.62
52.1+0.5 100 19.5+0.3 4,50-4.72 53.2-183.6 15.6 1 0.132-0.455
64.2+1.7¢ 100 2.24+0.15 3.52-3.95 56.1-388.1 17.2 30 0.954 - 6.64
64.1+1.6 20 80 4.63+0.27 1.78 -1.97 17.1-1433 7.5-10.3 9 0.363 -3.05
64.4+0.6 70 30 17.4+0.3 3.33-3.41 6.6 -497.0 16.0-44.5 1-5 0.131-1.09
76.0£0.8 40 60 15.0+0.3 2.69-3.02 35.5-307.7 19.6 3 0.296 — 2.56
89.5+0.6 100 18.2+0.3 6.42-6.93 56.4—-474.9 19.6 3 0.174-5.64
107.0+£0.5 100 4,90 £ 0.06 0.66-1.17 56.4—-474.9 2.9 3-5 0.652 - 5.66
106.0 £ 0.6 100 14.0+0.1 1.33-1.66 62.5-322.6 9.8 3 1.63-8.35

1153+1.1 100 9.58+0.14 0.80-0.97 11.3-125.9 20.1 21 2.33-27.1

136.1+0.8 100 249+04 4,58 -5.04 56.3-474.2 38.1 10 2.73-229

135.0+0.8 100 29.4+05 4.45 -6.05 7.3-715 28.8 46 1.56 -16.5

158.8 + 0.6 100 7.40 £ 0.07 0.51-1.02 56.3-474.2 19.6 10 3.99-34.6

177.5+1.2 100 6.71+£0.11 0.25-0.68 55.9-427.9 14.9 10 5.29-41.1

@ Continuous flow conditions. Slpm, standard litres per minute; sccm, standard cubic centimetres per minute.



Table S2 Operational conditions of the Laval nozzles employed in

this work and the resulting jet temperature.

P.es/ mbar P,/ mbar T/K
366.48 0.117 11.7+0.7
280.16 0.117 13.0+0.7
188.74 0.110 146+1.0
147.28 0.150 18.6 £ 0.6
73.88 0.125 21.1+0.6
147.76 0.280 22.5+0.7
337.21 0.620 21714
78.47 0.191 269+1.1
173.32 1.10 36.2+1.2
132.23 0.295 453+13
52.12 0.120 50.5+1.6
136.24 0.279 51.6+1.7¢
86.00 0.620 499+14
110.15 1.50 52.1+0.5
41.67 0.183 64.2+1.7¢
65.47 0.450 64.1+1.6
112.60 1.670 64.4+0.6
107.96 1.660 76.0+0.8
151.59 2.370 89.5+0.6
26.12 0.790 107.0+£0.5
27.09 2.515 106.0+0.6
16.16 1.964 1153+1.1
71.99 5.20 136.1+0.8
86.69 6.00 135.0+0.8
14.37 1.961 158.8+ 0.6
9.97 2.00 177.5+1.2
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Figure S1 The spatial profile of temperature and gas density in the jet using the He15K nozzle.

9 Continuous flow conditions.
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Figure S2 The spatial profile of temperature and gas density in the jet using the He23K-LP nozzle.
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Figure S3 The spatial profile of temperature and gas density in the jet using the He23K-IP nozzle.
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Figure S5 The spatial profile of temperature and gas density in the jet using the Ar50K nozzle.
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Figure S4 The spatial profile of temperature and gas density in the jet using the Ar100K nozzle.
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Dimerization of CH;CHO

In low temperature kinetic studies, clustering processes are favoured and occur in the timescale of the experiments when high
concentrations of reagent (CH;CHO in this work) are introduced in the system. The first step of a clustering process, the dimerization,
has been widely reported in the literature.2 3. 5 6 9. 10 |f the dimerization of CH;CHO is occurring, the rate coefficient can be
underestimated as the amount of “free” acetaldehyde would be much lower. However, the initial [CH;CHO] employed in this work
are low enough to ensure that the dimerization process is not affecting the measured k(7). We usually performed the kinetic studies
in a wider concentration range than those presented in Table S1 to identify the onset for dimerization, i.e., the concentration beyond
which the bimolecular plots (as those shown in Fig. S6 for 11.7 and 21.7 K) start to present a downward curvature. Once this onset
is identified, all kinetic experiments at a fixed temperature were carried out in the linear part of the k' versus [CH3;CHO)] plots and
k(T) is obtained from the slope of such a plot. In Figure S6, the red circles correspond to kinetic data in the curved zone, where
dimerization interferes in the determination of k(T). These data were disregarded in the kinetic analysis and more experiments in

the suitable concentration range were performed (listed in Table S1).
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Figure S6. Examples of downward curvature in the bimolecular plots at 11.7 K and 21.7 K.
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