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The first experimental study of the low-temperature kinetics of the gas-phase reaction of
NH, with acetaldehyde (CHzCHO) has been performed. Experiments were carried out
using laser-flash photolysis and laser-induced fluorescence spectroscopy to create and
monitor the temporal decay of NH, in the presence of CHzCHO. Low temperatures
relevant to the interstellar medium were achieved using a pulsed Laval nozzle
expansion. Rate coefficients were measured over the temperature and pressure range
of 29-107 K and 1.4-28.2 x 10 molecules per cm?® with the reaction exhibiting
a negative temperature dependence and a positive pressure dependence. The yield of
CH3CO from the reaction has also been determined at 67.1 and 35.0 K, by observing
OH produced from the reaction of CH3zCO with added O,. Ab initio calculations of the
potential energy surface (PES) were combined with Rice—Rampsberger—Kessel-Marcus
(RRKM) calculations to predict rate coefficients and branching ratios over a broad range
of temperatures and pressures. The calculated rate coefficients were shown to be
sensitive to the calculated density of states of the stationary points, which in turn are
sensitive to the inclusion of hindered rotor potentials for several of the vibrational
frequencies. The experimentally determined rate coefficients and yields have been used
to fit the calculated PES, from which low-pressure limiting rate coefficients relevant to
the ISM were determined. These have been included in a single-point dark cloud
astrochemical model, in which the reaction is shown to be a potential source of gas-
phase CHzCO radicals under dark cloud conditions.
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1. Introduction

An active field of astrochemical research remains the understanding of the
reaction mechanisms for the formation of complex organic molecules (COMs),
which are molecules observed in space containing carbon with at least 6 atoms."
Since the early 1960s, the development of ground based radio astronomy has led
to a rapid rate of detection of COMs with a wide range of functional groups in the
interstellar medium (ISM).> The detection of COMs at very high spatial resolution
in cold objects suggests a gas-phase route to their formation rather than just via
a pure surface-grain chemistry mechanism.* However, the mechanisms for
forming many gas-phase COMs are still unknown, with both gas-phase and grain-
surface (via non-thermal desorption) routes possible.

The formation of biomolecules such as amino acids from COMs under pre-
biotic conditions has attracted much interest.* Amino acids such as glycine
(NH,CH,COOH), which has been observed in the coma of a comet,® are building
blocks for proteins, which are essential components of all living systems. The
peptide bond (NH-C=0) the plays a key role in the linking of amino acids into
peptide chains and proteins, and contains all the components necessary for the
formation of nucleic polymers under prebiotic conditions.® However, only two
molecules containing this bond have been observed in space, formamide
(NH,CHO),” and acetamide (NH,C(O)CHj;).?

In a previous paper’ we investigated the low-temperature kinetics of the gas-
phase reaction between the amidogen radical (NH,) and formaldehyde (CH,O)
as a possible source of interstellar formamide. In this paper, we have performed
an experimental and theoretical study of the kinetics of the reaction of NH, with
acetaldehyde, the next aldehyde in the homologous series after formaldehyde, for
which there are three energetically favourable channels (AH calculated in this
study, see Section 4):

NH, + CH;CHO—NH; + CH;CO, AH, =72 (kJ mol™) (R1a)
NH, + CH;CHO—NH; + CH,CHO, AH, , = 43 (kJ mol™) (R1b)

NH; + CH;CHO—NH,COCH; + H, AH, = 30 (kJ mol™)  (Ric)

Reaction (R1) therefore, is both a potential source of gas-phase organic radi-
cals (CH3CO and CH,CHO via reactions (R1a) and (R1b), respectively), and of
acetamide (NH,COCHj3;, via reaction (R1c)), the largest interstellar molecule with
a peptide bond that has so far been observed in space.? We present measurements
of rate coefficients for the reaction of NH, and CH;CHO in the range 29-107 K,
using a pulsed laser photolysis-laser induced fluorescence (PLP-LIF) technique
coupled with a Laval nozzle to achieve the low temperatures relevant to the ISM.
We also report an experimental measurement of the absolute branching yield for
reaction (R1a) generating NH; + CH;CO products at 35 K and 67 K. We also
performed a theoretical investigation of the reaction using ab initio methods to
calculate the potential energy surface, and used reaction rate theory to calculate
both rate coefficients and product branching ratios over the temperature range
20-400 K. These kinetic data are then incorporated into a single point dark cloud
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astronomical model to assess the impact of the newly determined rate coeffi-
cients. A more detailed introduction to the low-temperature kinetics of gas-phase
reactions, to the astrochemistry of acetamide, and to the related reaction between
NH, and formaldehyde, is given in the ESI in Section S1.}

2. Methodology
2.1 Experimental study

The use of a Laval nozzle expansion coupled with a PLP-LIF technique has been
employed by this group to study a range of low temperature neutral-neutral
reactions, including reactions of OH with unsaturated hydrocarbons' and
VOCs,'*** 'CH, (singlet methylene) with atmospheric gases and hydrocar-
bons,'>'* CH with CH,0," and NH, with CH,0.° In the current study, we employ
the same technique to study the low temperature reaction of NH, with CH;CHO.
As the experimental apparatus employed in the current and previous studies has
been discussed in detail elsewhere,'*™* only a very brief overview is given here,
with additional details given in the ESI in Section S2.}

The low temperatures employed in this study were obtained by the isentropic
expansion of a gas mixture from a high pressure reservoir to a low pressure
chamber through a Laval nozzle, producing a thermalized low temperature gas
flow that is stable for several centimetres from the nozzle exit. A set of 4 nozzles
were used during the experiments to achieve flow temperatures of between 29 and
107 K. The density and temperature profile of the flows were characterized by
impact pressure measurements, and the temperature of several of the uniform
flows was confirmed by rotationally resolved LIF spectroscopy.*>"”

The gas mixture introduced to the reservoir consists primarily of an inert bath
gas (Ar (99.9995%, BOC), He (99.9995%, BOC), or N, (99.9995%, BOC)), together
with smaller amounts of the NH,, precursor (NH; (99.98%, BOC)), the CH;CHO co-
reagent (Sigma-Aldrich, =99.0%), and CH, (99.995%, BOC). These reagent and
bath gases were combined in the required quantities in a mixing manifold using
calibrated mass flow controllers (MFCs; MKS Instruments). Both the bath gases
and the CH, were introduced as pure gases, while the NH; was introduced as
a dilute mixture of ~10% in Ar. The dilute NH; flow typically accounted for less
than 0.2% of the total flow, resulting in ~0.02% NH; present in the gas expan-
sions. The CH;CHO co-reagent was introduced by entraining CH;CHO vapour in
a flow of the bath gas passing through a glass bubbler (a modified Dreschel bottle)
containing CH;CHO liquid. By measuring the pressure of the bath gas over the
CH;CHO, the concentration of CH;CHO entrained in the gas flow was determined
via its known vapour pressure,” and confirmed by UV absorption spectroscopy
(see ESI Section S27).

NH, radicals were generated from the PLP of NH; at 213 nm (Reaction (R2)) by
the 5th harmonic of a Nd:YAG laser (Quantel Q-Smart 850), with a typical pulse
energy of ~10 mJ. NH, radicals were observed by time-resolved LIF spectroscopy,
probing the A4 *A; (0,9,0) < X *B, (0,0,0) transition near 597.7 nm (ref. 19 and 20)
using the output of a Nd:YAG pumped dye laser (a Quantel Q-smart 850 pumping
a Sirah Cobra-Stretch). The non-resonant fluorescence at ~620 nm was collected
via a series of lenses through an optical filter (Semrock Brightline interference
filter, Amax = 620 nm, fwhm = 14 nm), and observed by a temporally gated channel
photomultiplier (CPM; PerkinElmer C1952P), mounted at 90° to both laser
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beams. The temporal evolution of the LIF signal was recorded by varying the time
delay between the photolysis and probe lasers. A typical time-resolved LIF profile
(Fig. 1) consisted of 165 delay steps and resulted from the average or between 5
and 15 individual delay scans.

NH; + 7w (213 nm) —» NH, + H (R2)

Photolysis of NH; produces both ground and vibrationally excited NH,,**** and
as a consequence of this the profiles of NH, (v = 0) exhibit a growth resulting from
the relaxation of vibrationally excited NH, (see Fig. 1). As kinetics measurements
are limited by the dynamic time of the low temperature expansions, it was
important that this relaxation was as efficient as possible, in order to maximise
the time in which we could observe the loss of NH, (v = 0). As such, CH,, which
has been shown to efficiently relax NH, (v > 0),” was added to our gas flows.

Experiments looking at the dimerization of CH;CHO at low temperatures were
conducted using the same experimental apparatus as described above. CH;CHO
was observed by probing the *(n,m*) A *°A” « X 'A’ transition at 308.0 nm,?* using
the frequency doubled output of a Nd:YAG pumped dye laser (same system as
described above with a BBO doubling crystal). The non-resonant fluorescence at A
> 390 nm was discriminated using a long pass Perspex filter.

Some additional experiments were also carried out observing the production
of OH radicals from the reaction of CH;CO with O, (R4), in order to obtain the
yield of CH;CO produced from reaction (R1) (via channel (R1a)). As a part of these
experiments, the temporal removal of OH by CH;CHO, both with and without O,
present, was also recorded, with the OH produced by the PLP of tert-butyl
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Fig. 1 NH, (v = 0) temporal traces collected at 52.2 K, a total Ar density of 6.2 x 10*®
molecules per cm?, [NHz] = 2.5 x 10 molecules per cm?, [CH,4] = 1.8 x 10'® molecules
per cm?®, and [CH3CHOJ of 1.3, 2.8 and 5.1 x 10 molecules per cm? (grey squares, red
triangles, and blue circles respectively). Solid lines are the least squares fitting of a bi-
exponential function to the traces from which k. is obtained (see Section 3.1 for details).
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hydrogen peroxide ((CH;3);COOH; tBuOOH). These experiments were all con-
ducted using the same experimental apparatus as described above. The tBuOOH
precursor was introduced in the same method as the CH;CHO co-reagent, by
entraining its vapour in a flow of bath gas passing through a bubbler containing
tBuOOH liquid (Alfa-Aesar, 70% aqueous solution). The concentration of tBuOOH
in our low temperature flows was estimated using its known vapour pressure at
room temperature, and confirmed by UV absorption spectroscopy (see ESI Section
S2t). OH radicals were observed by probing the A> =% (v = 0) « X* I1 (' = 0)
transition at ~307.9 nm, using the laser system as described above. The resonant
fluorescence was collected using a gated photomultiplier tube, in which the
scattered laser probe light was gated out, fitted with an interference filter centred
at 308.5 nm (Barr Associates, fwhm = 5 nm).

2.2 Theoretical calculations

All ab initio electronic structure calculations were carried out using the Gaussian
09 programme.>® Geometric structures of the stationary points involved (reac-
tants, products, and intermediates including adducts, pre-reaction complexes
(PRCs), and transition states (TSs)) were optimised at the M062X/aug-cc-pVTZ
level of theory,>* using the ultrafine integration grids in Gaussian. Rotational
constants, harmonic vibrational frequencies, and zero-point energies (ZPEs) were
obtained from the same level of theory. TSs were found to have only one imagi-
nary vibrational frequency, while for the reactants, products and intermediates,
all of the vibrational frequency values were positive. ZPEs obtained from the
harmonic frequencies were corrected with a scaling factor of 0.956 for M062X/
aug-cc-pVTZ.?® Intrinsic reaction coordinate (IRC) calculations were performed for
all the TSs identified to verify their linkage with the respective local minima on
the PES. More accurate single-point energy values were obtained at the CCSD(T)/
aug-cc-pVIZ level®?*® upon the optimised structures. RRKM calculations were
performed using the Master Equation Solver for the Multi-Energy Well Reactions
(MESMER) program.*

3. Results
3.1 Kinetics

Typical NH, (v = 0) LIF temporal profiles produced following the PLP of NH; can
be seen in Fig. 1. As can be seen from these profiles there is an initial growth in
the NH, signal, with no instant signal observed. As discussed above, this growth
in the NH, (v = 0) signal is due to relaxation of vibrationally excited NH, produced
following the photolysis of NH;. Although the growth of the NH, (v = 0) signal is
not strictly a single exponential growth (due to the presence of several vibra-
tionally excited states relaxing down), we were able to fit the NH, traces satis-
factorily treating the growth as a single process:

NH, (v=1)+X " NH, (v=0)+X (R3)

where X can be CH,, the bath gas, NH3;, and the co-reagent R under investigation.
In practice, relaxation by the bath gas (Ar, He, or N,) is slow,*** necessitating the
addition of CH, to our flows to promote efficient vibrational relaxation. Together
with the reaction for the removal of NH, (v = 0):

This journal is © The Royal Society of Chemistry 2023 Faraday Discuss., 2023, 245, 261-283 | 265
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NH, (v=0)+ CH;CHOL products (R1)

and as experiments were carried out under pseudo-first-order conditions (i.e.
[NH,] <« [CH3CHO] and [CH,]), the temporal evolution of the NH, (v = 0) LIF
signal (which is proportional to the NH, (v = 0) concentration) is given by:

’

# [NH, (v= 1)]o(exp4“/'e" - eXp*’ng’) (E1)
kobs - krel

[NH, (v=0)], = (
and

’

kos = k1 [R] + & (E2)

loss

where k,,; and &, are the pseudo-first-order rate coefficients for the reactions
producing and removing NH, (v = 0), [NH,, (v = 1)], is the initial amount of NH, (v
= 1) produced following photolysis of NH; that is subsequently relaxed down to
NH, (v = 0), and kj, is the total rate coefficient for other loss processes of NH,
(v = 0), such as diffusion out of the probe laser beam volume. Eqn (E1) was fitted
to the NH, (v = 0) temporal profiles, and the parameters k,,, k,;,;, and [NH, (v =
1)]o extracted. As can be seen from Fig. 1, the NH, traces are satisfactorily fit using
a biexponential function, indicating the validity of treating the growth of the NH,
(v = 0) signal as a single process. Plotting k,, . vs. [CH;CHO] should then yield
a straight line (eqn (E2)), with a gradient equal to the bimolecular rate constant,
k,, and intercept k.. An example of such a bimolecular plot can be seen in Fig. 2.
As can be seen from Fig. 2, in some of our bimolecular plots we observe a curva-
ture in the k,,; values at high [CH;CHO], which we attribute to the formation of
CH,;CHO dimers in our low temperature flows. Depending on the reactivity of the
dimer with NH, compared to the monomer, the bimolecular plots may curve
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Fig. 2 Left axis: bimolecular plot of k,, vs. [CHsCHO] for the reaction between NH, +
CHsCHO (R1). Right axis: dimerization experiments observing CH3sCHO LIF signal vs.
[CH3CHO]. The deviation from linearity above approximately 5.5 x10** molecules per cm®
CH3CHO in both plots indicates significant dimer formation above this concentration. All

data collected at 52.2 K and a total Ar density of 6.2 x 10*® molecules per cm?.
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upwards or downwards, or display no curvature if the dimer removes NH, at
exactly twice the rate as the monomer. In order to help identify at which CH;CHO
concentration significant amounts of dimers form, experiments were carried out
monitoring the relative concentration of CH;CHO in the flow via laser-induced
fluorescence as a function of the [CH;CHO] added (see Fig. 2). In regions in
which little or no dimerization is occurring, the amount of CH;CHO monomer
present in the flow will increase linearly with the [CH;CHO] added; as such the
CH;CHO LIF signal will increase linearly (closed red triangles in Fig. 2). However,
in regions in which CH;CHO dimerization is occurring, the amount of CH;CHO
monomer present in the flows will actually be less than the [CH;CHO] added, and
as such the CH;CHO LIF signal will begin to curve over with increasing [CH;CHO]
(open red triangles in Fig. 2). These dimerization experiments were carried out for
each low temperature uniform flow employed in this study. When determining
the bimolecular rate coefficient, k;, from a bimolecular plot, only data in the
linear region below the CH;CHO concentration at which dimers formed were
used (solid black squares in Fig. 2). As can be seen from Fig. 2, both the bimo-
lecular plot and the dimerization plot exhibit the same shape with increasing
[CH;CHO] and are in good agreement on the concentration at which CH;CHO
dimers begin to form (above 6 x 10" molecules per cm?).

The bimolecular rate coefficients for the reaction of NH, with CH;CHO (R1)
determined in this study are presented in Table 1. The errors reported are the 1o
confidence intervals of the linear least squares fits of the bimolecular plots. A
selection of these results recorded using He as a bath gas are shown in Fig. 3.
Presenting only those rate coefficients collected in a particular bath gas and at the
same approximate pressure, it can be seen that the reaction exhibits a clear
negative temperature dependence over the temperature range investigated (see
Fig. 3 top panel and Fig. S31). By presenting the rate coefficients collected at the
same approximate temperature (from the same nozzle) and again in the same
bath gas, it can also be seen that the reaction exhibits a strong positive pressure
dependence over the pressure range investigated (see Fig. 3 bottom panel and
Fig. S41). Both the negative T dependence and the positive P dependence are
indicative of reactions with a pre-reaction complex on their potential energy
surface (PES; see Fig. 7). There have been no previous studies of the reaction
between NH, and CH;CHO at low temperatures, and only one study at higher
temperatures, over the temperature range 297-543 K, conducted using an
isothermal discharge flow system.** These high temperature rate coefficients are
compared with our theoretically determined rate coefficients in Section 4, and in
Fig. 513.%

3.2 NH, (v > 0) removal

The strong pressure dependence of reaction (R1), which at certain temperatures
and with certain bath gases exhibited an almost 1:1 relationship between rate
coefficient and pressure, was slightly unexpected, and indicated that the reaction
is firmly within the low-pressure region over the pressures investigated (1.4-28.2
x 10"® molecules per cm®). In contrast, the reaction between OH and CH;CHO,
which has also been studied at low temperatures, does not exhibit any pressure
dependence over the temperature and pressure range of 21-106 K and 1-20 X
10"® molecules per cm?, respectively.*® One method for estimating the high-
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Table 1 Bimolecular rate coefficients for the reaction between NH, + CHzCHO together
with relevant experimental conditions

Density’/10% k107" em?® per
Nozzle Gas ~T?/K T’ /K molecules per cm® molecule per s
1 Ar 31 34.2 + 3.0 2.1 +£0.3 3.77 £ 0.61
30.3 £ 2.7 3.4+04 5.82 + 0.45
28.7 £ 2.6 6.2 £0.8 10.7 £ 1.9
He 37 42.2 + 5.4 2.6 £0.5 1.74 £ 0.50
37.2+31 4.6 £ 0.6 3.56 £ 0.54
35.0 + 2.8 6.1 £ 0.7 3.69 + 0.53
343+ 34 8.8+ 1.3 4.72 £ 0.91
N, 66 70.0 + 2.7 1.4 +0.1 0.25 + 0.27
67.1 +2.1 2.5 +£0.2 0.84 £+ 0.38
67.1 +2.1 2.5+0.2 1.53 £ 0.33
64.6 + 2.0 4.5 £ 0.3 0.92 £+ 0.39
62.9 + 2.4 6.4 £ 0.6 2.80 + 0.31
2 Ar 45 52.2 £ 2.9 6.2 £ 0.5 3.17 £ 0.09
47.0 + 2.8 11.2 + 1.0 4.37 £+ 0.41
41.6 £ 1.6 28.2 +1.6 9.88 £+ 0.90
39.3 + 2.7 16.5 £ 1.7 8.46 + 0.37
He 51 55.4 + 3.8 10.0 £ 1.0 1.76 £ 0.10
55.4 + 3.8 10.0 £ 1.0 1.56 £ 0.09
50.9 £ 1.9 179 £1.0 3.48 £ 0.25
47.6 + 1.5 23.5+1.2 3.89 £ 0.38
N, 83 89.9 £ 2.5 4.2 £0.3 0.72 £ 0.10
84.4 + 2.8 7.4 £ 0.6 0.57 £ 0.22
80.5 £ 2.9 13.0 £1.2 2.57 £ 0.31
78.4 + 2.9 17.7 £ 1.6 1.43 + 0.42
3 Ar 45 47.9 + 4.3 6.2 £ 0.8 4.89 + 0.11
44.4 + 4.3 11.2 + 1.6 9.95 + 0.91
43.3 £ 4.3 159 £ 2.3 11.6 £ 0.7
He 52 54.6 + 4.0 7.4 +£0.8 1.4 + 0.12
51.8 + 3.7 10.1 £1.1 2.3 £0.12
49.6 £ 3.9 14 £ 1.6 3.13 £0.18
N, 89 92.9 + 6.6 5.3 +£0.9 0.17 £+ 0.05
874+ 64 9.1+1.7 0.92 + 0.18
85.6 = 6.0 12.7 £ 2.2 1.14 £ 0.18
4 Ar 55 594+ 7.4 8.8t 1.6 3.7 £0.21
54.2 £ 7.9 15.0 £ 3.2 6.28 + 0.59
52.4 + 7.8 20.5 £ 4.5 9.69 + 0.61
He 62 63.2 + 6.2 6.8 £0.9 0.80 + 0.14
62.9 £ 5.7 13.5 £ 1.9 0.73 £0.14
60.0 + 6.2 18.6 = 2.9 1.61 £ 0.22
N, 101 106.7 £ 8.6 7.6 £7.6 0.42 £ 0.04
99.5 + 9.8 12.7 £ 3.1 0.21 £+ 0.03
97.0 + 9.7 17.7 £ 4.3 0.21 + 0.08

% Average T of the low temperature flows for a particular nozzle and a particular gas.
b Uncertainties in each value of T and density are +1¢ (the standard deviation) of the
measured T and density along the axis of the Laval expansion. ¢ Uncertainties reported at
the 10 level for the linear least-squares fitting of the pseudo-first-order coefficients as
a function of [CH;CHO].

pressure limit of a reaction is the proxy method,***” in which the loss of vibra-
tionally excited NH, with CH;CHO is measured. Here, the assumption is made
that following the formation of the collision complex, the excess vibrational
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Fig. 3 Selected T and P dependent rate coefficients, collected in He bath gas, for the
reaction NH, + CH3zCHO (R1). Top panel: T dependent rate coefficients collected at an
approximate He density of 9.5 x 106 molecules per cm?; bottom panel: P dependent rate
coefficients collected at approximate temperatures of 37 K (grey squares), 51 K (red
circles), 52 K (blue upward triangles), and 62 K (green downward triangles). Each T
corresponds to a different Laval nozzle (1-4 respectively).

energy in the NH, is rapidly redistributed among the many other modes in the
complex, and any NH, formed following dissociation of the complex is in v = 0.
Thus, the proxy method provides an estimate of the capture rate coefficient for
complex formation, which can be used as the inverse Laplace transform (ILT)
parameters for the initial association reaction of NH, with CH3;CHO in our
MESMER calculations (Section 4).

Rate coefficients for the removal of NH, (v = 0, x, 0) with CH;CHO, where x =
0-4 and represents vibrational excitement of the v, bending mode in NH,, are
presented in Fig. 4 and Table 2, together with the transitions and wavelengths
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Fig.4 Rate coefficients for the removal of NH; (v = 0-4) with CHsCHO. Grey squares; T =
67.1K, INy] = 2.5 x 10'® molecules per cm®. Red triangles; T = 37.2 K, [He] = 4.6 x 10%
molecules per cm®.

Table 2 Rate coefficients for the removal of NH, (v, = 0—-4) by CHzCHO

k%/x107* cm? per molecule per s

v, Transition® A/nm In N, at 67.1°K In He at 37.29K
0 0,9,0 < 0,0,0 597.7 0.08 + 0.04 0.54 + 0.05
0.15 + 0.03 —
1 0,11,0 < 0,1,0 591.1 1.23 4+ 0.18 3.140.15
0,12,0 < 0,2,0 607.2 2.68 & 0.23 —
608.4 — 2.87 £ 0.2
3 0,13,0 < 0,3,0 628.9 3.01 + 0.21 3.31 + 0.28
627.4 — 3.66 = 0.12
4 0,16,0 < 0,4,0 611.0 3.57 £ 0.28 4.61 +0.16
616.8 2.97 + 0.21 —

“A %A, < X 2B, transition. ? Uncertainties reported at the 1o level for the linear least-
squares fitting of the pseudo-first-order coefficients as a function of [CH3;CHO].
¢ Collected using nozzle 1 at T = 67.1 K and [N,] = 2.5 x 10'® molecules per cm".
“ Collected using nozzle 1 at T = 37.2 K and [He] = 4.6 x 10" molecules per cm®.

employed.*"*® In experiments monitoring removal of NH, (v = 1-4), no CH, was
added to the low temperature flows, and a Perspex filter was used to collect the
fluorescence and cut out the scattered laser light from the 213 nm photolysis
pulse. As can be seen from Fig. 4 and Table 2, removal of vibrationally excited NH,
by CH;CHO is significantly faster than removal of ground state NH,, with higher
vibrational levels appearing to be removed faster than lower vibrational levels.
However, the rate coefficient does appear to be reaching a limit (the high-pressure
limit) at high v; at 37.2 K in He this limit is practically reached by v = 1, and
appears around 4 x 10 '° em? per molecule per s (assessed visually), while at 67.1
K in N, the limit is not reached until around v = 2 or 3, and appears to be around
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3.5 x 107" ecm® per molecule per s. These results suggest that for the NH, +
CH;CHO system, only at the lowest temperatures are the initial collision
complexes long-lived enough to ensure complete redistribution of the excess
vibrational energy from the NH, species into the complex, and that at higher
temperatures some complexes may dissociate before this has happened. Thus,
proxy method estimations of the high-pressure limit for other systems carried out
looking at the removal of v = 1 only, may underestimate the true limit. However,
as the results at 67.1 K in N, show, the redistribution of energy from higher
vibrational states appears to be faster, suggesting the high-pressure limit may still
be estimated by looking at removal from successively higher vibrational levels.
The slightly larger high-pressure limit at 37.2 K suggests a small negative
temperature dependence in the initial association reaction between NH, and
CH,CHO.

3.3 OH/CH;CO yields

OH LIF profiles produced following the photolysis of NH; in the presence of both
CH;CHO and O, are presented in Fig. 5. The OH observed is the result of CH;CO,
the product of reaction (R1a), reacting with O, to produce OH (R4):

CH;CO + O, — OH + co-products (R4)

As the experiments were carried out under pseudo-first-order conditions (i.e.
[NH,] <« [CH,], [CH3CHO], and [O,]), the growth and loss of the OH signal can be
described by a bi-exponential function of the form:

’

K. , /
ot 5 s i)

loss growth

where k;,mwth and k,, are the pseudo-first-order rate coefficients for the reactions
producing and removing OH, [NH,], is the initial amount of NH, produced
following PLP of NH3, and foy is the observed OH fluorescence signal, or OH yield
(note, the reaction of CH3;CO + O, can also lead to other products). As OH itself
reacts with CH3;CHO (R5), its primary loss is the sum of (R5) and diffusional
losses. Although the OH profiles are not strictly bi-exponential in nature, as the
growth of the OH signal is the result of series of subsequent reactions (vibrational
relaxation of NH; by CH, (R3), reaction of NH, with CH;CHO to form CH3CO
(R1a), and reaction of CH;CO with O, to form OH (R4)), they could be satisfac-
torily fit using eqn (E3), and the parameters k'gmwth, Kioss» and fou extracted.

The OH yields themselves do not give the yield for CH;CO production from
reaction (R1). To do this requires two additional pieces of knowledge; the first is
an understanding of how many OH radicals have been produced relative to the
initial number of NH, radicals produced, while the second is an understanding of
the yield of OH from the reaction of CH;CO wit