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Poly-alcohols are wide-spread compounds used in many
applications as antifreeze agent, engine coolant, moisturizer
and plasticizer. [1]
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1 The oxidation of poly-alcohols by free radicals could represent ‘
an 1mportant process for the formation of dicarboxylic acids Trigger

such as oxalic acid and succinic acid. These acids are known
(WSOC)

components of the water soluble organic carbon
fraction on atmospheric particles. [2,3]

. Due to the high water solubility of alcohols oxidation reactions Solution
of these compounds will take place mainly in the aqueous Mirror 1 Mirror 2
solution. A fast conversion of alcohols to acids by aqueous I

\

phase oxidation reactions might influence the organic particle :
mass production and the aqueous solution acidity.
.  Using the laser-flash photolysis setup, the reactivity of OH, ] a
NO; and SO, radicals in aqueous solution was studied as a ¢
function of the temperature. The results will be used to better Pump

describe the atmospheric multiphase chemistry of poly-
alcohols.

Fig. 1: Scheme of the Laser Photolysis Long Path Absorption set-up.

Results and Discussion
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' . A C : Figure 2: Reactivity of several primary alcohols and
Table 1: Summary of aqueous phase rate constants, activation parameters, number of most easily abstractable H- _ dlo!s Wlﬂ,l two terminal hy.droxyl-group s towards OH
atoms (n) and bond dissociation energies (BDE) of poly-alcohols from this work and literature studies. 6.0 . <: rad1ca}ls i aquedts solutlon. at_room temperature.
o : - (®) diols - laser flash photolysis (this work); (©) diol -
No. Compound Radical Kyo3x A E, Technique Method Ref.  ny BDE* — ' gamma radiolysis (Table 1); (A) primary alcohols - pulse
M-l M-l kJ/mol kJ/mol 7 | © ' radiolysis
1 1,2-ethanediol OH  (17£0.3)-108 (9.0+0.3)-1010  9.9+2.0 LFP OHISCN-_ thiswork 4 385 = 40| .
OH 24109 PR OH+Fe(CN)*  [4] JF . | |
OH 1.7-10° PR OH + Fe(CN)+ 4] _ 5 Figures 3 and 4: Eyans—Polqnyl type correl.atlon (log(lFH) VS.
OH 1.7-10 PR OH + CO,?* 4] : BDE) for H-abstraction reactions of OH radicals (left picture)
OH 1.4-10° PR OH +SCN- " 201 s and NO, radicals (right picture, [6]) in aqueous solution. (©)
NO;,  (6.6£2.8)-106 (7.1£1.1)-10° 17.6+8.3 LFP Direct this work N poly-alcohols (Table 1); (®) data coming from the literature.
NO 1.6-106 PR Direct 4 15—
NOz 7.6:103 FP Direct %4} A S L
SO, (2.740.3)107 (3.740.2)100 12.143.3  LFP Direct this work Number of C-Atoms
2 1,2-propanediol OH (1.7£0.3)-10° (1.9+0.2)-10'1  11.5+8.6 LFP OH +SCN- thiswork 1 380 ' ' ' 81 "
OH 1.7-10° PR OH +SCN- [4] f ;
NO,  (9.9+0.8)-106 (6.8+0.2)-1010 21.8+2.3 LFP Direct this work 9.5 o
SO, (4.3£0.9)-107 (1.2+0.1)-1019 13.8+3.2 LFP Direct this work :
3 1,3-propanediol OH (2.7£0.2)-10° (2.5+£0.2)-10""  11.4+6.3 LFP OH +SCN- this work 4 383
OH 2.5:10° GR  OH+CHOH  [4] ~ o0l ~ 6l
4 1,2,3-propanetriol ~ OH (1.9£0.3)-10° (2.8+0.2)-10'1  12.3+4.0 LFP OH+SCN-  thiswork 1 380 <~ : -7
OH 2.0-10° PR OH +SCN- 4 = >
OH 1.8-10° PR OH + Fe(CN)*  [4 o | o 5 F
OH 2.1-10° PR OH + Fe(CN)* 4] 2 85 2
OH 1.9-109 PR OH + CO,> 4] *
OH 1.5-10° PR OH +SCN- 4] 41
OH 2.1-10° PR OH + CO;* 4 3.0 |
NO, (1.3£0.2)-107 (1.4+0.1)-1012 28.7+2.4 LFP Direct this work * 3 [ N
NO, 1.8-106 PR Direct [4] | | .
SO, (3.7£0.4)-107  (3.9£0.3)-10° 11.7+4.2 LFP Direct this work 380 390 400 350 360 370 380 390 400 410 420
5 1.2-butanediol OH  (2.330.4)10° (5.2+0.5)-10! 13.37.0 LFP OH+SCN-  thiswork 1 380 BDE / kJ mol” BDE / kJ mol”!
6 2,3-butanediol OH 1.3-10° PR OH +SCN- [4] 2 380
7 2.4-butanediol OH 2.2:10° PR OH +SCN- [4] 1 380 dlog ky oy =(22.4+4.5) - (0.035 +0.012) - BDE [kJ mol-!] (n=26;r=0.77) Eqgn. 1
8  1,4butanediol OH  (3.5+0.1)10° (2.0+0.1)-10"" 10.0+1.8 LFP OH +SCN-  thiswork 4 383
OH 3.2-10° PR OH +5CN [4] d log ky no3 =(39.9+£5.4) - (0.087 £ 0.014) - BDE [kJ mol-'] (n=38;r=0.90) Eqn. 2
9  2,5-pentanediol OH 2.2:10° PR OH +SCN- [4] 1 380 ’
10 1,5-pentanediol OH  (4.420.7y10° (3.1+0.1)-10" 10.6+2.8 LFP OH+SCN™ - this work 4 383 [ Rate constants of OH reactions in Table 2 (K, 4arcac) Were calculated applying a structure activity
OH 3.6:10° GR OH + C,H.OH [4] , nd,SARcalc. . ,
1 1.6-hexancdiol OH 47109 GR OH+ C,H.OH __[4] TS method (SAR) published by Monod and Doussin [7]. The obtameq data for different glcohols were
PR = pulse radiolysis, LFP = laser flash photolysis, GR = gamma radiolysis, FP = flash photolysis compared to measured rate constants as well as rate constants derived based on equation 2 and the
* calculated using Benson incremental method [5] corresponding C-H bond strengths of the compounds (K4 genson.calc.)-

] Good agreement with data from pulse and . . . .

. . . - compound K2nd, meas. K2nd.sAR cale. % K2ndBenson cale. 7 Table 2: Comparison between
gamma radiolysis studies. 9.4 1 7 ool s s s measured rate constants at T = 298 K

) Reactivity order: OH >> SO, > NO, ?t_g?gginol ;:32183 %;égzigz 150 }:ééiigz :431(6) with calculated Yalues using the SAR

| ! L-butanol 49-10° 402-10° 2 3.37-10° 10 method and the incremental method of

1 Reactivity of the reactants increases linearly —~ 927 . 2-propanol 1910 22510 18 11610 39 Benson [5] applying Equation 1.

b the temperature (Fig. 1) < Sl me @ per g
Wi P &-1)- ~ / / 1-pentanol 3.9-103 5.21-103 34 2.26-103 42 ) Mono-functional alcohols are

O Compounds with two terminal OH-groups .' | ] | pexanol e A N S o .

.. : e 7.5 . 1-ocfanol 7.7-10° 8.67-10° 13 4.51-10° -41 well described by the SAR
reacts faster than the vicinal diols. < - iso-butanol 3.3-10° 3.6010° 9 8.41-10° 75
.. . ) average 13 49 approach.

- peactivily of C-O mpounes : i te-rmmal ! _ Il)ozlyegllgzggfc§1 1.7-10° 1.60-10° -6 3.37:10° 98 - The reactivity  of - poly-
hydroxyl-groups increases linearly with the %_pmpaneg%oi %182 533183 5 ;32182 a alcohols is in  general
number of carbon atoms in the molecule » | | 3' 2' | 3' 3' | 3' 4' | 3' 5' — i 12 3-propancriol 1:9-103 2:00-102 5 1:26-103 34 overestimated by the SAR

: : : : : : 1,2-butanediol 2310 2.60-10 13 1.26:10 45 :
: ] . i 10 10 10
(Fig. 2). The same applies to the reactivity . | I/T[10”inK"] Yt batnediol 210" 1010 6 D10’ s J Largest deviations from the
of primary alcohols (Fig. 2). Figure 1: Arrhenius plots for the reactions of (®) NOs, (°) 1. 4-butanediol 35107 470107 34 39510 13
SO, and (A) OH radicals with 1,2,3-propanetriol in the 2,5-pentanediol 2.2:107 49010 123 1.26-10° 43 measured data are shown by
aqueous solution. % hexanediol 4710 0010 p 010 16 . :
erythritol 1.9-10° 2.30-10° 21 2.52:10° 33 the non-vicinal diols.
arabitol 1.6:10° 2.50-10 56 1.26:10° 21
mannitol 1.6:10° 2.70-10 69 2.52:10° 57
average (all) 30 "

a Summary and Conclusion

. Poly-alcohols can act as effective radical scavengers in the tropospheric aqueous phase and subsequently influence the overall tropospheric oxidation budget.

J  Aqueous phase oxidation reactions of alcohols are potential precursors for particle-bound acids such as oxalic acid, pyruvic acid, malonic acid, succinic acid and glyoxylic acid.
. Model simulations with CAPRAM 3.01 shows that the aqueous phase conversion of ethylene glycol can contribute considerably to the formation of oxalic acid under remote (up to 1.7%) and urban (up to
9.5%) conditions. [3]
The SAR method appears to be a very useful tool 1n addition to established Evans-Polany1 correlations to estimate rate constants for OH radical reactions 1in aqueous solution.
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