NO;-Radical Reactions of poly-substituted Phenols in aqueous Solution
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Motivation and Background

Free radical chemistry in the tropospheric aqueous phase

Reactions of atmospheric radicals (OH or NO;) can initiate the
degradation and conversion of organic compounds such as phenols in the

atmosphere.
Substituted phenols in the troposphere

Sources of phenolic compounds are the direct emissions from
combustion processes or the atmospheric oxidation of benzene
derivatives. Due to their properties, the chemistry of the phenols can take
place in all atmospheric phases as for example in the liquid phase (cloud

droplet, fog, rain or hygroscopic particle).
Scope of study

Investigation of the influence of the different substituents on NO;-radical
reaction rate constants with phenolic compounds in aqueous solution.

Results and Discussions
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Figure 1: Laser photolysis long path absorption set-up
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Laser flash photolysis of nitrate anions at A = 248 nm at
pH=0.5 (HCIO,)

NO; +hv +H* NO, +OH

HNO, + OH - NO, + H,0

= [NO,], = 1.8 - 107 M, laser energy = 950 mJ

[NaNO,;] =5 - 102 M; [reactant] =2 — 10 - 10° M
Pseudo first order conditions

Measurements were done as a function of temperature
(278K < T < 318K)

Table 1: Measured rate constants at 298 K, activation parameters, E;;oyo and bond dissociation energy (BDE) for the investigated NO; reactions in aqueous solution.
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Figure 4: Evans-Polyani type correlation (log kggx
vs. BDE) for the rate constants in Table 1

Figure 3: Possible reaction mechanism of the nitrate radical
with substituted phenols in aqueous solutionl!.

Dimethoxyphenol

as well as literature values -2,

= Regression line for H-atom abstraction reactions of aliphatic and cyclic compounds!!2l:
lg(kyy/[M's1]) = (37,7 £ 5,8) + (0,082 + 0,015)-BDE [kJ mol-']
* The values of ky; ,; for the substituted phenols in Table 2 where calculated using the

regression equation

Table 2: Rate constants, literature values and rate constant ratios for the substituted phenols.

= Compounds with electron withdrawing
substituents react slower because of the
destabilization of the formed intermediate
see Figure 3

= The exclusion of H-atom abstraction as an
possible reaction pathway indicates that the

Rate constant Ky [M-Is71] investigated phenols react mainly with the
Compound R, =Gl -CH, =OCH =OH electron transfer mechanism
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Rate constant ratios

Ky curdks. [%] 6 11 12 >100 :
KipeuKe. %] 0 2 5 >100 solution
Ky ea/ly s 1%] 0 2 14 >100/88/ 17

* Barzaghi 2004 [21** Weller 2006 [3]

=Ratios of (ky ., /Kagsx) in Table 2 provide the theoretical contribution of H-atom

abstraction

pathways and to the substituent effects
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Figure 5: Correlation (log  kypsx  Vs.  Epomo)  of

investigated phenolic compounds in Table 1

= Correlations indicate that direct electron transfer is the main reaction mechanism in aqueous
= Differences in the rate constants are attributed to changing contributions of the different reaction

* Atmospheric lifetimes of the investigated biomass burning tracers!”! should be carefully

evaluated in modelling studies applying the fast NO; rate constants in aqueous solution obtained

as well as a proper phase transfer description

=The ratios indicate the subordinate role of the H-atom abstraction mechanism with the

exceptions of the hydroxyl substituted phenols
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= The obtained equations may be applied for the prediction of rate constants for reaction
of nitrate radical with substituted phenols in aqueous solution

Outlook

as OH in the aqueous phase
peroxy radicals)

of NO; and/or OH

= Further measurements of other 2,6- and 2,4-substituted phenolic reactants towards NO; as well
= Spectroscopic investigations to study the formation of transient reaction products (e.g. organic

= Product studies in order to identify and quantify the oxidation products formed in the presence



