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1. Introduction

Oxygenated volatile organic compounds (OVOCs) arportant constituents of the
atmosphere. They include, e.g., aliphatic alcohaldehydes, ketones, and organic acids. In
the free troposphere, the abundance of OVOCs ikehighan that of the non-methane
hydrocarbons and their overall reactivity with O$i domparable with that of methane, in
contrast that methane is present in much highecesaration. Degradation of OVOCs in the
atmosphere takes place via the reaction with Olitatsland, in the case of photochemically
active molecules, via photolysis. Free radicalsfarmed in the photooxidative degradations
of the oxygen-containing organics which basicalgtedmine the oxidative capacity of the
atmosphere, the transformation of nitrogen oxides the concentration of OH radicals and
tropospheric ozone. Ozone is the third most imporgageenhouse gas in the atmosphere, it is
one of the toxic components of urban smog and soreelated to such grave environmental
problems as global warming and the quality of &VOCs have both natural and
anthropogenic sources (vegetation, industry, taffind are formed in a great part via the
oxidation of hydrocarbons in the atmosphere.

All organics that | have selected for reaction kicee and photochemical studies
contain the carbonyl, C=0, group. The presence adraonyl group significantly affects the
reactivity leading to reduced or even increasedtinaty toward OH radicals depending on
the position of the carbonyl group and other stistits in the molecules. Characteristic for
several of the carbonyl molecules is that they dbdmht and undergo photochemical
reactions at relatively long wavelengths, alreadthie actinic regioni(> 290 nm), thus they
are photochemically active in the troposphere.

The following reactions are subjects of my PhD work

OH + CHC(O)OH (d;-AA) — products Ky (1)
OH + CHC(0)OD(d;-AA) — products ko (2)
OH + CD;C(O)OH (ds-AA) — products Ks (3)
OH + CD;C(0O)OD(ds-AA) — products Kq 4)
OH + CHC(0O)CHCH3; (MEK) — products Ks (5)
CH3C(O)C(O)CHCHjs (2,3PD) +hv — products  o2,3pp J2.3rp D2,3rD (6)
OH + CHC(O)C(O)CHCHjs (2,3PD)— products ks (7)
HOCH,CHO (GA) +hv — products Jea (8)



Reaction rate constants;ks andk;, photolysis quantum yield€- 3pp, and photolysis
rate constantsl, sppandJsa were determined. Absorption cross sections ofR,3Rspp as a
function of wavelengthi) were also measured. Determination of rate cotstan the OH
reactions allowed to assess reactivity — molecstiarcture relationships and to estimate the
atmospheric lifetimes of the studied OVOCs withpext to their OH reactions. The
determined photochemical parameters have providedht into the photochemistry of
carbonyl molecules in general, and allowed to estitnthe photolysis lifetime of the studied
photochemically active organics. Both the determhireaction kinetic and photochemical data
can be used as input parameters for atmospherielimgostudies.

| have done my PhD research in the framework ofemé¢h-Hungarian “Agreement
Pursuant to a Co-Tutorial Thesis” signed betweenUhiversity of Lille and the University
of Szeged. The experiments were carried out bofframce (Ecole des Mines de Douai) and
in Hungary (Chemical Research Center, Budapest) niaking use of the different
experimental techniques that are available atwioerésearch sites.

2. Experimental

| have carried out reaction kinetic and photochammiievestigations applying several
experimental techniques and procedures that aemasyy complementary to each other.

The relative rate (RR) methodas used to determine rate constants, for reaction
(1) - (4) and (7). Application of the RR method ahxes the measurement of the rate of
consumption of the studied reactant simultaneoustly that of a reference compound, the
rate constant for which is accurately known. Irs tvay, rate constant ratios are obtained that
are converted to absolute values by taking rateteots for the reference reactions from the
literature. The experiments were carried out both i~ 250 L Teflon-bag reactor and a 10 L
Pyrex bulb at atmospheric pressure in air using phetooxidation of methyl nitrite
(CH3ONO) as the source of OH radicals. The concentratiepletion of the reactants and
reference compounds were measured by gas-chroraptogr(GC) analysis using flame
ionisation detection (FID).

The direct discharge flow (DF) methodas applied to determine absolute rate
constant for reactions (5) and (7). This technigllews the investigation of elementary

reactions at thenstime scale by direct observation of atoms and fagkcals. The main part
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of the kinetic apparatus is a flow reactor equipp&tth a movable injector. The OH radicals
were produced inside the injector by reacting Hretavith NQ; H atoms were obtained by
microwave discharge. The reactants were highlytelilun He and were introduced through a
side arm at the upper end of the reactor. Theimratime is set by the linear flow rate and the
distance between the tip of the injector and thtead®n block. OH radicals were monitored
at the end of the flow tube by using the sensitind selective detection method of resonance
fluorescence (RF). The RF lamp used for OH detecti@s a quartz tube operated by
microwave discharge of flowing & vapour in argon. The experiments were carried out
under pseudo-first-order condition, that is, inthexcess of the reactants over [OH].

The absorption spectruof 2,3PD, was determined by using a home-builyleipath
UV / Vis spectrophotometer. The measured absorbengere converted to absorption cross
section g, 3pd4), by employing the Beer-Lambert law.

The photolysis rate constantg¢'photolysis frequencies’) of 2,3PDJ,3pp were
determined in air, at 254 and 312 nm wavelengthhenTeflon-bag reactor using fluorescent
lamps for irradiation. The consumption of 2,3PD wasasured as a function of reaction time
using GC-FID. The photolysis frequencies of 2,3P&ravmade independent of the photon
fluxes by means of N and acetone actinometry. In this way, effectivmmum vyields,
@°", 305, could be derived for the non-monochromatic liggirces.

Determination of @, 3pp With pulsed laser photolysi¢PLP) was achieved by
performing the irradiations with a XeF exciplexdag = 351 nm) in a cylindrical quartz cell
(QR). The reaction mixture, beside 2,3PD, contam&alC internal standard and air. Samples
were taken at regular time intervals with a gahttgyringe and the concentrations measured
by the GC. The number of laser shots (the readtioa) was recorded and the laser energy
per pulse was measured. The quantum yield waslatdduby the concentration depletion of
2,3PD and the absorbed laser energy.

The error limits given in this Summary and throughony Thesis designates1
statistical uncertainty, unless otherwise stated.



3. Results

3.1. OH reaction kinetics of acetic acid and deugzd acetic acids

Rate constant for the reactions of OH radicals ithtic acid (1) and its deuterated
variants (2, 3, 4) have been determined by usiegré¢hative rate (RR) kinetic method. The
experiments were performed in the Teflon-bag regd®&-TR experiments) dt= 300 £ 2 K
in atmospheric pressure air. In the relative-rateasnrements rate constant ratios are
determined by comparing the rate of loss of thessate studied to that of the reference
compounds, the rate constant of which is knowneaterinined by independent direct kinetic
studies. Specifically for the reaction of OH witltetic acid, the following reaction

competition was applied:

OH + CHC(O)OH (do-AA) — products (1) (studied reaction)
OH + CH,OH — products (22) (reference reaction)

Provided that neither the substraleAA, nor the reference CIDH are lost by reactions
other than (1) and (22) and they are not reformedhe reaction system, the following
expression is obtained by integration:

In{[ do-AA] o / [do-AA] ¢} = (K1 / k22) x IN{[CH30H]o / [CHsOH];} (Eg. 1)

where fo-AA] o, [do-AA]+, [CH30H]o, and [CHOH]J; are the concentrations at time zero and

t, respectively. The following reference reactangsemused for the other acetic acid reactions:
OH + di-AA (2): CD3OD, OH +d3-AA (3): CH3OH, OH +ds-AA (4): CDsOD.
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Figure 1. Typical relative rate plots. Squaredy-AA (CH3C(O)OH), circles: d3-AA
(CD3C(O)OH). The data for C#£(O)OH have been shifted by 0.2 for clarity. Théera
constant ratiog; / ky» andks / k2 have been obtained as the slopes of the strangist |

The determined rate constant ratios have been dexvi® absolute values by taking the rate
constant of the reference reactions from the litea The following results have been
obtainedk;(OH + dp-AA) = (6.3 £ 0.9)kx(OH + d;-AA) = (1.5 £ 0.3) ks(OH + ds-AA) = (6.3
+ 0.9) andk(OH +d,s-AA) = (0.90 + 0.1) all given in I8 cn® moleculé" s* (T = 300 * 2 K).

3.2. OH reaction kinetics of methyl-ethyl-ketone

The reaction OH + MEK (5) was studied by using divect DF-RF methodT(= 297
+ 3 K,p=3.17 £ 0.08 mbar He). The experiments were edrout under pseudo-first-order
conditions with high excess of methyl-ethyl-ketomencentration over that of OH,
[MEK] >> [OH]o. In this way, due to the high sensitivity and stlaty of OH detection,
reaction (5) could be studied essentially in isolatfrom the interferring parallel and
consecutive reactions. Under the plug-flow condgi@f the fast DF technique, the reaction
time is given simply as the ratio of the variedctemn distance and the linear flow rate,

t=z/ v. Accordingly, the experimental observables wer@wated by equations (2 - 4):



—In (SO 1 S2M) = K. (z/7) (Eq. 2)
k.= k; [CH3C(O)CH,CHg] + const (Eq. 3)

-InS% =k, (z/V) (Eq. 4)

where S2" and S5 are the amplitudes of the OH RF signals in thegmee and absence of

MEK, respectivelyks' is the pseudo-first-order rate constant. Eveneuride applied pseudo-
first-order conditions the heterogeneous loss oft@dk place, the rate constant of whikh,
could be determined in the absence of MEK accorthrigqg. 4.
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Figure 2: DF-RF kinetic plots used to obtain rate constanthe reaction OH + MEK (5). On
the left hand side, typical semi-logarithmic OH algx are presented (cf. EQ. 2). The pseudo-
first-order plot on the right hand side providesas slope of the straight line (cf. Eq. 3).

The following rate constant has been proposed &Y#-RF investigation:
ks (297 K) = (1.09 + 0.09) x I cm® moleculé s™.

The reaction of MEK with OH, together with the ratnstant that | have determined by the
direct DF method, have been utilized in relativieerstudies of the OH + 2,3PD (7) reaction

(see below).
3.3. Reaction kinetic and photochemical study o8-hentanedione
The most detailed investigations have been perfdrmi¢h 2,3PD, which belongs to

the important family ofa-dicarbonyls. OH reaction rate constanks),( absorption cross

sections 42 spp), photolysis frequenciegyspp and quantum yieldsZ{; spp) were determined.



OH reaction kinetics.Both direct (DF-RF) and relative rate (RR) expeinial
techniques were used to determine the rate corfstatiite overall reaction OH + 2,3 PD (7).

The DF-RF experiments were carried ouffat 300 + 3 K reaction temperature and
p = 2.49 + 0.03 mbar He pressure. The experiments as@nducted and the evaluations were
carried out by using the usual pseudo-first-ordmrditions and evaluation scheme (Section
3.2). Consumption of OH on the walls of the reaetas somewhat higher than usual in DF
experiments, but the pseudo-first-order plots mtedigood straight lines. The following rate
constant was determined in the DF-RF stull}300 K) = (2.25 + 0.12) x I cn?
moleculé' s*, given with I statistical uncertainty.

The RR studies were carried out both in the coildpsTeflon-bag reactor (RR-TR
experiments) and the Pyrex reactor (RR-PR expetshetT = 300 + 2 K, andl = 302 + 4
K, respectively, in atmospheric pressure synthatic2,3PD was found to photolyse slowly at
the wavelengths used to produce the OH radicalg @& 365 nm). The significance of
photolysis was quantified by separate experimenthe absence of the OH radical source,
methyl nitrite, and was taken into account as micanrection in the RR kinetic equations
(Eq. 1). The following reference reactions weredusRR-TR, OH + MEK (5) and OH +
C,HsOH (24); RR-PR, OH + MEK (5). The RR plots, simikar those shown in Figure 1,
have obeyed straight lines providing rate constasetative to the reference reactions.
Thek-ratios were put on the absolute scale by takirsjuated kinetic data form the literature
with the results ok; = (1.95 + 0.17), (2.50 £ 0.23) (RR-TR) and (2.06.17) (RR-PR) given
in 10" cn?® moleculé' s*,
The good agreement lends credence to the relpalolithe results that were obtained from
independent measurements using different experahéathniques. The recommended rate
constant for the reaction of OH radicals with 2,3BCithe non-weighted average of tke

determinations (the error is the estimated overatertainty proposed as)l

k(300 K) = (2.19 + 0.22) x I cn? moleculé' s*.



Photochemical study of 2,3PBs a first step, the absorption spectrum of 2,33
determined: the wavelength dependent cross sectiengsdl), were obtained from
absorption measurements using the home-constrgetedpectrophotometer and evaluating

the data by the Beer-Lambert law.
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Figure 3: Absorption spectrum of 2,3PD in the gas phasesighated are also the
wavelengths where the photochemical and kinetieexgents were carried out.

Photolysis studies of 2,3PD were carried out by legipg pulsed laser photolysis
(PLP-QR) at4 = 351 nm and also stationer photolysis (SP-TRh witiorescent lamps
emitting at1 = 254 and 312 nm wavelengths, in a quartz cyloarcell and the collapsible
Teflon chamber, respectively.

In the PLP-QR experiments the photolysis quantuatdy{QY), @, 3p351 nm), was
determined T = 300 + 2 K,p = 1000 mbar air). The concentration of 2,3PD wassuared by
GC analysis before photolysis, [2,3BDdnd aftem laser shots, [2,3PR]QY was obtained
by applying equation 5:

In([2,3PD},/ [2,3PD}) = — C x & 3p351 nm) x i x E) (Eq. 5)

whereE is the laser energy per pulse & a constant containing known parameters such as
the optical path lengthy, sp1), etc. A plot of In([2,3P0] / [2,3PD}) versusn x E has
provided a straight line, and the photolysis quangdeld of @, 3p(351 nm) = 0.11 + 0.01
was obtained from the slope (Eq. 5).



In the SP-TR continuous-photolysis experimentsgreréd with fluorescent lamps,
the photolysis rate constants (“photolysis frequesiy were determined. The concentration
depletion of 2,3PD was found of single-exponenbgl GC measurements providing the
photolysis rate constants as decay constdnisp (254 nm) = 4.60 + 0.09 anH 3pp (312 Nm)
= 1.40 + 0.03, all in 18 s*. The photolysis rate constants have been norniafize the
different photon fluxes by using N©Oor acetone actinometry. Thesppvalues normalized to
the actinometry photolysis frequencies were usedetermine an “integral” or “effective”
quantum vyield,®, e, for the photolysis of 2,3PD by taking into accbtine emission
spectra of the fluorescent lamps.

Table 1. Summary of photolysis quantum yields for 2,3-peetlione
¢2,3def (254 nm)a ¢2,3|:>|:)eff (312 nm)b ¢2,3PD (351 nm)
0.29£0.01 0.41 £0.02 0.11+£0.01

2 Acetone actinometry.NO, actinometry.

3.4. Photolysis study of glycolaldehyde

These experiments were performed in the Teflon{gagtor atT = 300 £ 2 K, in
atmospheric pressure air using 312 nm fluorescabest for irradiation; only a few
experiments were carried out.

The consumption of glycolaldehyde, (GA), was mamitbas a function of reaction
time using HPLC analysis. Single-exponential timehdwiour was observed with the
photolysis rate constant 3£4(300K) = (1.48 + 0.05) x 16s™.

Formaldehyde and methanol were indentified as pyiphotolysis products, but their
yields (Hcho andZchzon) could be determined only with large uncertaidtyeqo = 10.4 —
26.7 % and chzon = 1.8 — 8.7 %.



4. New scientific results

1. The rate constant d6(297 K) = (1.09 + 0.09) x I¥ cn® moleculé® s* has been
determined for the reaction of OH radicals with imyeethyl-ketone (MEK) by using the
direct, low-pressure, fast discharge flow (DF) taghe coupled with resonance fluorescence
(RF) detection of OH [1]. This is the first ratenstant for reaction (5) determined with the
thermal DF-RF method: previous experiments appiectolytic techniques. Conversely, the
obtainedks value is in good agreement with the literatureoremendations, thus it has

become one of the best known kinetic parameters.

2. Relative rate (RR) experiments were carried ioud Teflon chamber to determine rate
constants for the reactions: OH + €HO)OH do-AA) (1), OH + CHC(O)OD (d1-AA) (2),
OH + CD;C(O)OH (ds-AA) (3), and OH + CRC(0O)OD (ds-AA) (4) [2]. While, the rate
constantsk;, ks, andk, agree well with most of the literature data, theasured;(OH + d;-
AA) = (1.5 + 0.3) x 18° cn?® moleculé" st is the first kinetic result for reaction (2). Thate
constants display characteristic differences dejpgnan the site of the D-substitution in the
moleculesk; = ks >> k; andk,; > k4 (T = 300 K). These results show a significant primary
deuterium isotope effect, and confirm that it i® thcidic H-atom which is abstracted
preferentially in the reaction of OH with aceticidaclt is contrary that the O-H bond has
higher dissociation energy compared with that ef (tH,)C-H bond. By the kinetic results of
the current work, the group rate constankegf; = 1.13 x 10" cm® moleculé' s is proposed

for use in the estimations of OH reaction rate tamis.

3. Rate constant for the reaction OH + LKD)C(O)CHCH;z (2,3PD) (7) has been
determined the first time. Both relative and dirkictetic measurements & were carried
out. Altogether 4 types of experiments were pergmmat two research sites, comprising the
wide pressure range of ~ 2 mbar and ~ 1000 mbae. RR and DF kinetic studies have
provided rate constants in good agreement with edlolr: the proposed average value is
k(300 K) = (2.19 + 0.22) x I cn? moleculé* s*. The determined; implies significant
enhanced reactivity. The relatively high rate cansis attributed to the presence of the,CH
group ing-position to one of the carbonyl groups in the B3Rolecule. To account for the
activating effect of vicinal carbonyl groups, the-C(O)C(O)-) = 1.55 value is recommended

for use in group additivity estimations of OH reantrate constants [4].
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4. The gas phase absorption spectrum of 2,3PD éms teetermined to extend well into the
visible region. It is characterized by two wide aiption bands resembling the spectrum of

the lower homolog-diketone, 2,3-butanedione (biacetyl) [4].

5. Pulsed laser photolysis (PLP, 351 nm) and caatis photolysis (SP, 254, 312 nm) were
applied to determine quantum vyields (QY$.gpp for 2,3-pentanedione. Surprisingly high
QYs were obtained at the longer wavelengths, blytiorpoor agreement with each other [4].
The average value @b, 3pp~ 0.3 is proposed over the wavelength range ~ 3360-nm. All
three wavelengths represent sufficient energy itata photodissociation processes via C-C
bond rupture: the formation of acyl radicals haeerbvalidated by product studies. No gas-

phase photochemical study of 2,3PD has been reppréxiously.

6. The determined reaction rate constants and phetoical parameters allow the estimation
of the tropospheric lifetimes of the studied molesuThe following lifetimes are estimated
with respect to the OH reactionssy(acetic acid) = 18 dayson(MEK) = 11 days, and
oH(2,3PD) = 5.3 days. Although the exact value iB gtiite uncertain, it is proposed that
atmospheric removal of 2,3PD occurs predominantipugh photolysis with the short
tropospheric lifetime of,no(2,3PD) < 1 hour [4].
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