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Motivation and background

Free radicals such as NO; play an important role in the chemistry of the aqueous tropospheric phase. In order to understand the impact of free radical chemistry in the tropospheric aqueous phase
kinetic data with relevant organic compounds are required. Oxygenated organic compounds are either directly emitted to the atmosphere as fuel additives or solvents or they are formed in the
troposphere as intermediate products of chemical degradation of other volatile organic compounds. NO;-radicals react with these oxygenated organic compounds mainly during nighttimes via
different reaction mechanisms. In this study already existing kinetic data have been supplemented and compared with rate constants for atmospheric relevant carbonyl compounds, carboxylic acids
and their anions. Correlation among chemically similar compounds gives insight into the reaction mechanism involved and may also allow the prediction of unknown rate constants. Furthermore,

kinetic data are essential for tropospheric chemical modeling.
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Two different sources were used to generate NO;-radicals via
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laser flash photolysis. Nitrate anions were photolysed at a
wavelength of A = 248 nm at pH = 0.5 adjusted with HCIO,.
NO;- radicals are produced via the following reactions:

NO; + hv + H . NO, +OH

HNO, + OH * NO; +H,0
A very low pH of 0.5 was necessary to have undissociated
HNO, for the latter reaction to take place. For measurements at

higher pH, peroxodisulfate ions (S,04*) were photolysed at a
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wavelength of A = 351 nm, yielding sulfate radical anions that
react with nitrate to form NO,-radicals:

S,042 + hv . 280,

SO, +NO; = SO, + NO,
A laser photolysis long path laser absorption set-up (LP-LPA)

was used for the kinetic investigations. The temporal decline
of the NO; concentration caused by reaction with the organic

reactant was observed using a He-Ne laser operated at the NO,
absorption maximum of A = 632.8 nm.

Figure 1: Experimental set-up of laser photolysis long path

absorption (LP-LPA) experiment

Results and discussion

Temperature dependent rate constants were measured for 4 carbonyl compounds, 3 carboxylic acids and their anions (Table 1).
Much faster rate constants measured for the anions in comparison with the acids suggest a different reaction mechanism. From
the Arrhenius equation, the Activation Energy (E ) and the preexponential factor (A) were obtained. The Arrhenius plots for

the aldehydes are shown in Figure 2.

Table 1: Observed rate constants at 298K, Arrhenius preexponential factors and activation energy.

Equival.
No Compound Formula H- BDE A Ex K 2nd. 208 NO,
Atoms |KJ mol] [s1] [kJ mol-1] [M-1s-1] DL
1 2-Butanone C,H,C(O)CH, 2 *386 (4+0.9)-10" 24 + 15 (2.2+0.4) - 10’ a
2 Hydroxyacetone CH,C(O)CH,0H 2 *382.7  (4+0.8)- 10’ 13+ 11 (1.8 +£0.3) - 10’ a
3 Butyraldehyde C,H.CHO | *361 (5+0.4)-10" 17 +4 (5.6 +£2.3)- 10’ a
4  Propionaldehyde C,H,CHO *366 (3+0.5)- 10" 22+ 11 (5.8+1.6) - 10’ a
5 Lactic acid CH,CH(OH)COOH | #386  (1.0+£0.3)- 10" 274+199 (2.1+0.9)-10° b
6 Pyruvic acid CH,C(0)COOH 3 *405  (9.6+0.8)-10° 149+42  (24+0.3)-10° b
7  Glycolic acid CH,0OHCOOH 2 *393  (4.5+09)-10" 329+141 (9.1+£02)-10° b
8 Lactate CH,CH(OH)COO- (83+04)-10" 225+28  (1.0+£0.2)-10’ b
9 Pyruvate CH,C(0)COO (3.7+0.3)-10""  243+£50 (1.9+0.5)- 10’ b
10 Glycolate CH,0HCOO (1.8+£0.2)- 10" 245+£89 (1.0+£02)-10" b
a Nitrate photolysis *calculated after [1]
b Peroxodisulfate photolysis *from [2]
. . . ————— For both the activation energy (E,) and the
8.2 F O  Propionaldehyde - logarithm of the rate constant of an H-abstraction
* éiﬁiﬁf@fy o reaction a linear dependence on the C-H bond
8.0 & A Hydroxyacetone | energy is presumed. The bond energy of the weakest
: C-H bond, which 1s most likely to be broken in an
~ R H-abstraction reaction, 1s referred to as bond
o el dissociation energy (BDE) [3]. The measured rate
% : constants divided by the number of the equivalent
% 74| abstractable H-atoms were plotted against the BDE
: (Fig.3). These data were supplemented by literature
7.2 | rate constants [3] and BDEs of other aliphatic
: compounds yielding the following correlation line:
7.0
6l | | lg(k/nH) = (40.1 +7.7) - (0.088 + 0.020) - BDE
0.0031 0.0032 0.0033 0.0034 0.0035 0.0036 0.003"
UT K R=0.91 and n=18 k [M-!s-'] ; BDE [kJ mol-'].

Figure 2: Arrhenius plot for Propionaldehyde, 2-Butanone,

Butyraldehyde and Hydroxyacetone
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Figure 3: Plot of logarithm of the measured and literature rate constants
[3] at 298 K per abstractable H-atom against the BDE.

In contrast to Figure 3 the plot of the E, versus the BDE (see Fig.4)
for the measured compounds and such from literature the data
appears to be more scattered. Overall 1t could be said that the E,
increases with BDE for some compounds but without any straight
correlation. From the data currently available exact reasons cannot
be derived.
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Figure 4: Plot of measurement obtained E, and literature values [4]
versus bond dissiciation energy.

Some compounds follow the correlation presented in Figure 3 more
closely than others. Rate constants might not only be function of
BDE, but also steric, 1onic strength and electronic effects [3]. These
effects are likely to favor contribution to the overall reaction of NO,
from other mechanisms than H-abstraction such as electron transfer
reactions. This might be the case for compounds that are further
away from the correlation.

Conclusions

The measured compounds follow a correlation which suggests an
H-abstraction reaction with NO,. This correlation might be used for
a good approximation of unknown rate constants of H-atom
abstraction reactions, if the BDE of the particular compound 1s well
known. But it should be always critically applied especially if
contribution from other reaction mechanisms 1s likely.
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