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Fig. 5 Demonstration of the fits of (a, b) Equation (6) for HONO wall production in the case of low humidity
(<2%), (c) Equation (7) for HONO wall production in the case of higher humidity (2–15%), (d) Equation (12)
for HCHO wall production

to the plateaus were utilised only. During the increase of humidity we found a transient

behaviour, which is most probably arises from the finite time for the relative humidity to

adjust; a sprayer was used to add water into the chamber.

Rohrer et al.(2005) found that NO2 does not influence the rate of wall HONO production.

In our case it seems that the addition of NO2 in experiment II has slightly enhanced HONO

production; the value of parameter a is 8.8×1021, when using the same T0 value. Although

the current experiments did not contain enough information for a quantitative description

of the wall HONO production as a function of NO2 concentration, it is possible to carry

out a simple calculation. For jNO2
= 10−3 s−1, under dry conditions the HONO production

rate in the absence of added NO2 is 6.7 × 106 molecule cm−3 s−1 using Equation (7), while

with 5 ppb added NO2 it is 8.4 × 106 molecule cm−3 s−1; a difference of 1.4 × 106 molecule

cm−3 s−1. Using the current parameterisation in MCMv3.1 for the assumed NO2 → HONO

heterogeneous reaction (k= 0.7 × 105 s−1) 1.2 × 106 molecule cm−3 s−1 HONO production

rate is obtained originating from the added 5 ppb NO2, which means that if the observed

enhancement due to NO2 is correct, the two numbers are in a very good agreement. The

influence of added NO2 should be further investigated experimentally, since the apparent

HONO production can also be affected by contamination effects.

It is also interesting to compare our numerical results to those of Rohrer et al. (2005).

They used a different empirical equation for the characterisation of the HONO wall produc-

tion. At 300 K, jNO2
= 8 × 10−3 s−1 (typical for the experiments carried out in EUPHORE)
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can be attributed to that they used of literature values, while we used calculated data, taking
the albedo and the absorption of the chamber also into account. Our results show that in the
investigated 0Ð15% relative humidity range, the production of OH from HONO is about a
factor of 2 higher than the OH production from 100 ppb ozone. This result emphasises the
importance of accurate quantitative characterisation of HONO production.

HCHO formation on the chamber wall (R2) did not show any correlation with humidity.
It was found that it is highly dependent onjNO2, and also temperature inßuences the process.
Therefore, the following function was Þtted to the data of experiments II and III:

W(HCHO)EUPHORE= c × jNO2 exp(ŠT�
0/ T) (12)

Calculations yieldedc= 3.1× 1017 cmŠ3 andT�
0 = 5686 K. The Þrst order dependence of

HCHO wall production onjNO2 is shown in Figure 5d. Again, the scatter is signiÞcant, but
considering the slow rate of the process, it is acceptable. Also, since the absorption bands of
HCHO are further from those of NO2 than those of HONO, therefore the calculated values of
jHCHO from the jNO2 measurements has a higher uncertainty, good correlation is not expected.

Considering the wall production as the main formaldehyde source at the conditions of
experiments II and III, (justiÞed by model calculations) and the photolysis loss terms for
HCHO:

HCHO+ hv � 2HO2 + CO (R3)

HCHO+ hv � H2 + CO (R4)

and using TUV4.2 values of

jHCHO,radical = jNO2/ 324 (13)

jHCHO,molecular= jNO2/ 210 (14)

it is possible to calculate the photostationary HCHO concentration, which yields 8.2 ppb at
298 K, and solar zenith angle 30� ( jNO2 = 8 × 10Š3 sŠ1). Calculating the HO2 production
from HCHO photolysis at its steady state gas-phase concentration using equation

P(HO2)HCHO = [HCHO]ss × 2jHCHO,radical (15)

gives P(HO2)HCHO = 1.0× 107 cmŠ3 sŠ1. This production is low, so it will not signiÞcantly
affect the radical budget in low concentration experiments, unlike the OH production from
HONO. On the other hand, HCHO wall production should be taken into account to obtain
reliable formaldehyde concentrations when simulating experiments involving HCHO formed
in gas-phase chemical reactions or added in low concentration to the chamber. Rohreret al.
(2005) observed HCHO wall production rates of 0Ð5.6× 10Š5 sŠ1 (0Ð0.2 ppb hŠ1) in the
SAPHIR smog chamber, which are also at least one magnitude lower than the ones in the
EUPHORE chamber. The chemical mechanism of HCHO wall production in Teßon chambers
is even less understood than that of HONO wall production, therefore we do not speculate
on the mechanistic origin of the obtained expression.

As for the consequences for the future VOCÐNOx experiments to be carried out in
EUPHORE, it is likely that in most cases the initial [HONO] derives from contamination of the
injected NOx, since in all the three investigated experiments, the initial HONO concentration
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Wall production rates for HONO and HCHO were calculated for the experimental cases,
and empirical formulae were used to express thejNO2, relative humidity and temperature de-
pendence of their wall production rates. From our datasets it was possible to detectjNO2 and
temperature dependence of HONO wall formation in the case of dry conditions (RH< 2%),
while in the more humid region (2%< RH< 15%) the relative humidity dependence domi-
nated. We also determined the effect of added NO2 to the HONO formation rate and found
that it is in good agreement with the current parameterization of MCMv3.1. For HCHO wall
production only temperature andjNO2 dependence was detected.

Comparing our results to those of Rohreret al. (2005), we found that wall production
rates in EUPHORE are one magnitude higher than in the SAPHIR smog chamber. We also
present the magnitude of the HONO radical source in the EUPHORE chamber in a modiÞed
version of Figure 4 of Carteret al. (2005) in our Figure 7. It can be seen that the HONO
offgassing measured in the EUPHORE chambers are in the low range of earlier UCR and
UNC chambers, but are higher than the sources in TVA and new UCR chambers, as well as
in the SAPHIR chamber. It was shown that the background HONO source produces about a
factor of two more OH radicals than ozone at typical chamber concentrations (100 ppb) and
HCHO wall production might be signiÞcant in low reactivity experiments.
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