NO;-radical reactions of poly-substituted phenols in aqueous solution oy
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Motivation and Background Experimental H-atom abstraction
q N A s = Regression line for H-atom abstraction reactions
Free radical ¢ ry in the tropospheric aq phase ) £ alivhatic and cycli ds [121:
= Nighttime oxidation of organic compounds such as phenols by NO, * Laser flash photolysis of nitrate anions at A = 248 nm at - e . ol aliphatic and cyclic compounds -
’ - - = : LA ° 1s1]) = £5,8)+(-0,082 + - @
Substituted phenols in the troposphere ‘ Computer }_ Oscilloscope _{ Amplifier ‘ pH =0.5 (HCIO,) R ‘T . lg(ky/[M-!s1]) = (37,7 £ 5,8) +(-0,082 + 0,015)-BDE [kJ mol"']
= Sources: Emissions from combustion and industrial processes or j\ NO, +hv + H* NO, + OH ) ° = The values of ky; o, for the substituted phenols in
secondary formation from oxidation of benzene derivatives Trigger Photodiode o° TableAZ where calculated using the regression
= Toxic and phytotoxic compounds HNO, + OH NO, + H,0 o °© 5 § €quation
= Tracer compounds for biomass burning Solution H ° = Ratios of (ky; .,/k in Table 2 provide the
) ) = [NO,], = 1.8 - 107 M, laser energy = 950 mJ = Of tky carkaony) 1 .
Scope of study Mirror 1 Mirror 2 SN 5 - (P S e . theoretical contribution of H-atom abstraction
. . ; . Y i * [Na =5-102M; [reactant] =2 — 10 - 10 L .
= Multiphase chemistry still poorly understood and characterized r = WD [ 3] ? [ ; ] (NS S ir— o = The ratios indicate the subordinate role of the H-
= Kinetic and thermodynamic data for tropospheric chemical ® Pseudo first order conditions 8 S atom abstraction mechanism with the exceptions
modeling } = Measurements were done as a function of temperature " * bopmer') o “" of the hydroxyl substituted phenols
= Investigation of the influence of the different substituents for the Pump (278K < T < 318K) Figure 4: Evans-Polyani type correlation (log Kgg
NOj;-radical reaction with phenolic compounds in aqueous solution i : i i “ vs. BDE) for the rate constants in Table 1
3 p! 1ol q Figure 1 I(d]eﬁ)e_rL gll;(;folyms long path absorption set-up as well as literature values (12,
Table 2: Rate constants, literature values and rate constant ratios for the substituted phenols.
. . Rate constant k,,q, [M-'s]
Results and Discussions Compound xo, - e, och, on
Table 1: Measured rate constants at 298 K, activation parameters, Eyqy,o and bond dissociation energy (BDE) for the investigated NO; reactions in aqueous solution. 2- (83+1.4)108° (2.9+£0.3)10%"  (8.5+0.2)0108  (1.1+£0.1)109  (5.6+0.8)108"
2.6- 2.6- 2,6- 2,6 2.6- 4-Hydroxy-3,5- 4-Hydroxy-3,5- 4-Hydroxy-3- 4-Hydroxy-3- 3-Hydroxy-4- & L2 (DLQOHEF  OBLAHE™  @BLAIE (oo
Dimethylphenol  Dichlorophenol Dihydroxyphenol Dinitrophenol Dimethoxyphenol dimett t 1dehyd dimeth benzoic acid methoxyt Idehyd: methoxybenzoic acid  methoxybenzoic acid 2,6- (28£09)10% (1.3+0.2)10° (1.8£02)10° (1.6£0.2)10° (1.7£02)10°
o M W o A v N N N v e Rate constant ratios
M\O/w U\©/U "\©/“\n \O/ . /\O/‘\w e “ou, e Oy o, OSeny o Ky car/kz- [%0] 6 1 12 40 >100
Kyg /Ky [%] 0 2 5 41 >100
[l Aon Ao A Ao Ky eudKog [%] 0 2 14 59 >100/88/ 17
Ky IMs1] (1.8£03Y10°  (1.3%0.2)10° (1.7+0.2)10° (28091105 (1.6%0.4)10° (1.7+0.3)10° (1.4+0.6)10° (1.1£02)10° (1.0+03)10° (13 +0.4)10° * Barzaghi 2004 (21+* Weller 2006 13
E, [kJ mol] 1746 1445 945 1849 1647 18+4 19+10 1644 1544 114
A [Ms1] (15+0.1)102  (39+03¥102  (6.9+0.6)1010 (32£04)y101  (1.0£0.1)101 (2.840.2)1012 (2.8+0.4)1012 (7.8+0.4)1011 (3.8+0.4)1011 (9.0+0.6)-1010
AHF[kJ mol] 15+5 12+4 7+4 15+8 14+6 16+4 16.1+8.2 14+3 12+3 8+3 Electron transfer
+ K- . . . .
& ,'F" P ED=2) Blsa) =) By EBE W) W) LB B LR * Ejomo i8 the energy of the highest occupied molecule orbital and a measure for the the electron
AG[KJ mol1] 21+9 2149 21413 25416 21£11 20+6 21£13 2246 248 219 hmer sy
Egomo [€V ¥ -8.9631 -9.1938 -8.8097 -10.6995 -8.7809 -9.1109 -9.5300 -9.4144 -9.4118 -9.2175 P X . . i
BDE [kJ mol] 3573161 3703161 1358.1/349.3/ ©344.1181 397.3161 3503161 R - 356.9191 357300 357.711 = For pure electron transfer reactions (red regression line) compounds, such as Phenoll?l, 4-Nitro-
phenol*, 4-Fluorophenoll®l, 4-Bromophenoll®l, 4-Chlorophenoll®], 4-Hydroxybenzoic acid!*],
70000 — ; - - C lusi Competitive reaction mechanisms 2,6-Dinitrophenol and 2,6-Dichlorophenol "
2.6-Dimethoxyphenol onciusions with a ratios of (ky; ., /Kyogx) Smaller 5% ¥ s
60000 L . . . ’ iy methoberat s
- = Correlations indicate that direct electron transfer in aqueous solution on were selected aa L9 idony S mehontenso ad
—— 2,6-Dichlorophenol . . R . A )
5 so000 — 4-IIyL;rLox(;:gI:’Slj;:omclhoxybenzald:‘hydc is the main reaction mechanism N g = Comparison of the rate constants in Table 2
3 —— 4-Hydroxy-3,5-dimethoxyb d . . . . - bs 0 gpc euiraniansten 2 9
£ oo T iiydroxy 3 methoxybenzaldehyde | = Differences in the rate constants are attributed to different E o o f shows that the rate constants are dominated = ¢
B — #Hydroxy-3-methoxybenzoic acid contributions of the proposed reaction mechanisms and to the l l l 8 by electronic and steric effects z
2 So000 —— 3-Hydroxy-4-methoxybenzoic acid ! " A on i ] i
H ———- 26-Dinitrophenol substituent effects ) = Compounds with electron withdrawing <
§ 20000 = Atmospheric lifetimes of the investigated biomass burning tracers!’! *HNO, *+HNO, *HNO, substituents react slower because of ﬂ‘? " e e
£ oo b should be carefully evaluated in modelling studies applying the fast Ciy H, iy destabilization of the formed intermediate I 87221240 039020 Ep V)
= A NO, rate constants in aqueous solution obtained as well as a proper phenoxy radical romatie see Figure 3 84 e (12918 397+ 01 £0.) By V]
200 250 300 350 400 phase tranSfer descrlptlon

r=09522

= The exclusion of H-atom abstraction as an

possible reaction pathway indicate that the

Figure 3: Possible reaction mechanism of the nitrate radical investigated phenols reagt mainly with the
with substituted phenols in aqueous solution(!l. electron transfer mechanism

Wavelength [nm]
Figure 2: Measured UV spectra of the investigated
phenols (¢ = 3 - 10® M) in aqueous solution.

= The obtained equations may be applied for the prediction of rate 10g kyo = £ (BDE) 10g kagsx = f (Exowio)
constants for reaction of nitrate radical with substituted phenols in
aqueous solution
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Figure 5: Correlation (log kyosx  Vs. Epoyo)  of
investigated phenolic compounds in Table 1.
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