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RECENZJA

pracy doktorskiej magistra Barttomieja Witkowskiego pt. ,, Investigation of the secondary
aerosol (SOA) nucleation from a-pinene ozonolysis” wykonanej na Wydziale Chemii
Uniwersytetu Warszawskiego pod kierunkiem dr. hab. Tomasza Gierczaka

Prace badawcze, majace na celu lepsze zrozumienie zjawisk wplywajacych na
zanieczyszczenie atmosfery, majg bardzo duze znaczenie zaréwno naukowe, jak i praktyczne.
Bardzo dobrze wpisuja si¢ tez w obszerny zakres zagadnien zwigzanych z ochrong
srodowiska, zrownowazonym rozwojem i poprawa jakosci zycia. Badania powstawania
aerozoli 1 ich sktadu, prowadzone w zespole dr. hab. Tomasz Gierczaka na Wydziale Chemii
Uniwersytetu Warszawskiego, niewatpliwie naleza do tego obszaru. Praca doktorska mgr.
Bartlomieja Witkowskiego jest logiczna kontynuacja tych badan. Wybdr zaréwno jej tematu,
jak i drog prowadzacych do koncowych rezultatow uwazam za w pelni uzasadniony.

Cele swojej pracy Doktorant przedstawil w dwustronicowym rozdziale zatytulowanym
wAim of this work”. Wbrew ogdlnie przyjetym zasadom, jest on zamieszczony dopiero na 86.
stronie rozprawy, czyli po czesci literaturowej. Gtéwnym celem pracy bylo zbadanie sktadu
wtornego aerozolu organicznego (SOA), powstajacego w wyniku ozonolizy o-pinenu we
wcezesnym etapie jego powstawania. Doktorant zamierzat skoncentrowaé sie na analizie stabo
do tej pory scharakteryzowanych zwigzkéw o wysokiej masie czagsteczkowej (HMW), a w
szczegoOlnosci na potwierdzeniu obecnosci i ustaleniu badz potwierdzeniu struktury o-
acyloksyhydroperoksyaldehydow. W tym celu mgr Witkowski zamierzal najpierw
przeprowadzi¢ synteze¢ odpowiednich zwigzkéw wzorcowych, opracowaé¢ metody ich analizy
z wykorzystaniem zaawansowanych technik spektrometrii mas, a nastepnie przeprowadzi¢
modelowe badania postawania aerozolu inicjowanego produktami utleniania o-pinenu
ozonem, W specjalnie w tym celu skonstruowanym reaktorze przeplywowym. Dla ulatwienia
interpretacji wynikow badan reakcji o-pinenu, Doktorant zamierzal takze wykonac
analogiczne badania dla cykloheksenu, jako prostszego strukturalnie zwigzku modelowego.
Finalnym celem mialo by¢ potwierdzenie lub wykluczenie udziatu a-acyloksyhydroperoksy-
aldehydow w procesach nukleacji aerozoli i wskazanie — jesli zalozenie o uczestnictwie tych
zwigzkéw nie potwierdziloby si¢ — alternatywnych mechanizméw nukleacji. Lektura
rozprawy wykazuje jednoznacznie, ze zalozone cele mgr Witkowski osiggnat.

Wyniki swoich badan Doktorant opisal w bardzo obszernej, bo liczacej 234 strony
rozprawie, napisanej w jezyku angielskim. Sklada si¢ ona z typowych czesci, ale
uszeregowanych w nietypowej dla prac doktorskich kolejnosci, charakterystycznej raczej dla
publikacji naukowych. Rozpoczyna ja obszerny, blisko 80-stronicowy wstep literaturowy.
Jego pierwsza czg$¢ jest poswiecona opisowi aerozoli atmosferycznych w kontekscie historii



chromatografii cieczowej, sprzezong z tandemowg spektrometrig mas. Po ,,rozgrzewce”, ktorg
stanowila analiza powstajagcych kwasow karboksylowych, mgr Witkowski zajgl sie
opracowaniem skutecznej metody wykrywania a-acyloksyhydroperoksyaldehydéw. Swdj cel
Doktorant osiggnal, a uzyskane wyniki uwazam za najbardziej wartosciowy element
recenzowanej rozprawy. Zostaly one juz opublikowane w artykule w Journal of Mass
Spectrometry. Na szczegblne podkreslenie zastuguje systematyczne podejscie do problemu
ustalania budowy a-acyloksyhydroperoksyaldehydéw, w ktorym zostaly wykorzystane takie
metody jak badanie wielostopniowej fragmentacji, dokladne pomiary masy jondéw oraz
badania zwiazkéw znaczonych izotopowo. Swiadczy to bardzo dobrym przygotowaniu
Doktoranta w dziedzinie technik analitycznych, a zwlaszcza spektrometrii mas.

Dysponujac opracowanymi metodami analitycznymi mgr Witkowski zajal sie
opracowaniem warunkéw prowadzenia reakcji cykloheksenu i o-pinenu z ozonem w fazie
gazowej, w skonstruowanym w ramach pracy reaktorze przeptywowym. Pragne podkresli¢,
wykazang w tej czesci rozprawy, bieglo$¢ doktoranta w przeprowadzaniu obliczen o
charakterze inzynierskim i staranng analize wptywu réznych czynnikéw na mozliwy przebieg
badanych reakc;ji.

W ostatniej cze$ci opisu wynikow wiasnych mgr Witkowski przedstawil wyniki
analizy skladu aerozoli, tworzacych si¢ w wyniku reakcji cykloheksenu i a-pinenu z ozonem
w reaktorze przeplywowym. Wykonana na poczatku analiza zawartosci kwasow
karboksylowych dala wyniki zgodne z danymi literaturowymi, co potwierdzilo poprawnos¢
opracowanej metody prowadzenia reakcji w reaktorze przeptywowym. W kolejnym etapie
Doktorant stwierdzil, ze w warunkach otrzymywania aerozolu, w wyniku reakcji
cykloheksenu z ozonem w reaktorze przeplywowym, nie tworzg sie znaczgce ilosci o-
acyloksyhydroperoksyaldehydéw. Analogiczny byl wynik do$wiadczen z uzyciem o-pinenu.
Pozwolilo to wykluczy¢ o-acyloksyhydroperoksyaldehydy jako istotne zalgzki nukleacji
aerozoli, wskazujac réwnoczes$nie na inne zwigzki wysokoczateczkowe, tworzace si¢ w
wyniku ozonolizy a-pinenu, jako substancje spelniajace t¢ role. Autor rozprawy stwierdzil, ze
nukleacja nie zachodzi najprawdopodobniej w fazie gazowej, uczestniczg w niej oligomery
kwasowe, a istotnym elementem jej mechanizmu jest absorpcja zwigzkdéw karbonylowych. Te
wyniki wskazujg na konieczno$¢ modyfikacji przyjetych obecnie mechanizméw nukleacji
aerozoli inicjowanej produktami ozonolizy a-pinenu. Réwniez ta cze$¢ rozprawy $wiadczy o
bardzo wysokich kwalifikacjach mgr. Witkowskiego, w tym przypadku w zakresie chemii
analitycznej i organicznej.

Prac¢ zamykaja: kilkustronicowe, bardzo dobrze opracowane podsumowanie
uzyskanych wynikéw i wynikajacych z nich wnioskéw, spis skrotow stosowanych w
rozprawie oraz spis cytowanych publikacji liczacy 220 pozycji.

Rozprawe doktorska mgr. Witkowskiego trudno jest oceni¢ jednoznacznie. Z jednej
strony na uznanie zastuguje gleboka wiedza Autora w dziedzinie chemii organicznej, chemii
atmosfery, chemii analitycznej i spektrometrii mas, a takze umiejetno$¢ Konstruowania
zlozonej aparatury naukowej i wykorzystania jej we wlasnych badaniach. Doceni¢ nalezy



Podsumowujac niniejsza recenzj¢ pragng podkresli¢, ze praca doktorska Pana mgr.
Bartlomieja Witkowskiego dotyczy jak najbardziej aktualnych probleméw naukowych z
dziedziny chemii atmosfery i spektrometrii mas. Zalozony cel pracy Autor osiagnal.
Uzyskane wyniki przedstawil co prawda tylko w jednej — jak do tej pory — publikacji
naukowej, ale nie watpie, ze liczba ta szybko si¢ powigkszy, poniewaz wyniki te na to
zashuguja. Byly one prezentowane takze w formie 3 komunikatow ustnych i 3 posteréw na
konferencjach naukowych. Mojg bardzo wysoka opinie o kwalifikacjach naukowych mgr.
Witkowskiego psujg nieco zle wrazenia z lektury rozprawy, ktéra wymagala naprawde
znacznego wysitku. Mniej istotna jest pewna liczba wspomnianych juz bledéw i niescistosci —
w tak obszernej i multidyscyplinarnej pracy trudno si¢ ich ustrzec. Nie mam jednak zadnych
watpliwosci, ze recenzowana rozprawa speinia z naddatkiem wymagania okre$lone stosowna
ustawg o stopniach naukowych i tytule naukowym, w zwigzku z czym wnosz¢ do Rady
Wydzialu Chemii Uniwersytetu Warszawskiego o przyjecie rozprawy i dopuszczenie jej
Autora do dalszych etapéw przewodu doktorskiego.




Review of Ph.D. thesis: “Investigation of the secondary organic aerosol (SOA)

nucleation from o-pinene ozonolysis” by Bartlomiej Witkowski

1. General comments
Aerosol formation in the atmosphere is a topic of tremendous importance due to its impact on
global climate. However comprehensive and detailed chemical mechanisms leading to their
formation from gas-to-particle processes in the case of secondary organic aerosols (SOA) are
still lacking despite numerous efforts to better understand the influence of experimental
conditions (reactant concentrations, relative humidity, presence of seed particles) on the
observed SOA formation. However, most experiments so far have been carried out in smog
chamber experiments where reaction times are in the range of a few minutes to several hours
or even days. Therefore this study performed in an aerosol flow tube is an important
contribution to a better understanding of these first reaction steps where semi-volatile

products formed through gas-phase processes can nucleate or condense to form new particles.

The thesis is classically built on 5 chapters: (i) an introduction (77 pages) detailing the
atmospheric context; (ii) the objectives of the work (2 pages); (iii) the description of
experimental methods (15 pages); (iv) results including analytical development, description of
the flow reactor developed and analyses of samples from cyclohexene and a-pinene
ozonolyses performed in the flow tube (116 pages); (v) a final summary (3 pages). Overall the
manuscript is 234 pages long and the language — English — is quite good to make it a clear
report of the work done. A few aspects of the manuscript leave some scope for improvement.
A ‘List of Illustrations’ (Tables, Figures) would have been convenient for the reader at some
times, as well as rate coefficients for chemical reactions (when available) to support some
comments (e.g. page 31 on the “rapid” oxidation of NO to NO,), or some literature values
reminded to the reader when discussing the results (e.g. page 170 yields of carboxylic acids
previously measured in other studies; page 203 timescale of SOA formation in the Lee and

Kamens study).

The first chapter details the atmospheric context of the study, sometimes at the expense of
conciseness and readability like in §1.3.2 for instance which could have focused on
tropospheric ozone only, or rather present other tropospheric oxidants like the OH radicals,

especially since the ozonolysis experiments have been performed without any OH scavenger.
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Sections 1.3 and 1.4, focusing on alkene ozonolysis for the former, and more specifically on
SOA formation due to o-pinene ozonolysis for the latter, are of particular interest and
highlight carefully through an extensive and thorough bibliographic analysis the complexity
of the topic and the various hypotheses concerning the chemical species involved in SOA
formation.

Chapter 2 is a transition chapter, which — based on the lack of experimental evidence outlined
previously —, emphasizes the need for better chemical characterization of high-molecular
weight (HMW) compounds expected to be the nucleation precursors for SOA formation, and
in particular a-acyloxyhydroperoxy aldehydes. The merit of this approach has to be
emphasized, because working on speciated multi-functional oxygenated chemical species is
not an easy task since it implies sampling and analyzing trace concentrations of generally
thermolabile compounds, preventing the use of more classical techniques such as GC/FID (or
MS). The use of the LC/ESI/MS" technique, as described in Chapter 3, is therefore
particularly suitable for these highly polar molecules.

Analytical developments are described (first section of Chapter 4) for a series of nine
carboxylic acids and fifteen a-acyloxyhydroperoxy aldehydes of interest in the subsequent
ozonolysis reactions, using either commercially available standards for the former chemical
family or compounds synthesized in the liquid phase for the latter one, in order to optimize
the LC/MS conditions such as ionization method, solvent composition, MRM parameters,
collision energy. The obtained MS" mass spectra have then been carefully analyzed to
establish fragmentation patterns which have been confirmed through the analysis of several
isotopically-labeled analog compounds. A second section of Chapter 4 focuses more
specifically on the experimental conditions in the flow reactor during SOA formation. It
would have been nice at this point to get more justifications on the chosen reaction time and
the accuracy of its estimation (§4.2.1), or the criteria for choosing the rate coefficients
presented in Table 4.15 (surely the literature database for these compounds is huge but why
choosing specific studies over more recent recommended coefficients?!).

The following section (§4.3) deals with the SOA formed from the ozonolysis reactions of
cyclohexene and cyclohexene-d10, whose comparison allows in a very convincing way for
the assignment of chromatographic peaks; and for a-pinene. For each reactive system, this
work presents the identification and quantification of compounds of interest, namely
carboxylic acids, a-acyloxyhydroperoxy aldehydes and HMW species, obtained in dry
(RH~3%) and humid (RH~40%) conditions a-Acyloxyhydroperoxy aldehydes were not
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found in the SOA samples, at least not in significant quantities that could explain aerosol
formation in the flow reactor, but other HMW peaks were observed and partially identified
based on the comparison with isotopic fragmentation patterns (for cyclohexene) or the
cyclohexene model (for a-pinene), and previous literature data. Interestingly, these HMW
compounds observed at a very short reaction time (~33 s) differ from the ones previously
identified as major components of cyclohexene SOA in smog chamber studies where
chemically aged SOA could be analyzed, thus highlighting the interest of short timescale
studies to characterize the particulate species involved in the early stages of SOA formation.

The manuscript is concluded by a summary of the work done, where I would have expected
more widening of research perspectives (other species under consideration, new analytical
techniques, change of experimental conditions) that could provide further insight in this

specific area.

There are a few bothering typos in the manuscript, listed below:

e p.16 and p.222: DMS is “dimethylsulfide” and not “sulfate”; “nitrate” is generally
considered as a particulate ion and should probably be replaced by “nitrogen oxides™?

e p.20: SSA is the ratio of scattering to the sum of scattering and absorption (and not
“adsorption™).

e p.111 and p.118: all the equations should be written as “ax + b” (“x” is systematically
missing) so one can figure out right away the slope and intercept of each regression
curve. Also, there is a power of ten missing in the last column of Table 4.3 for 5-
oxohexanoic acid (probably 10'°).

e p.115-116: please check Table 4.5 (the molecular peak in the MRMs column should
be 185 for pinic acid and 183 for cis-pinonic acid) and Figure 4.7 (pinic and cis-
pinonic acids should be ‘A’ and ‘B’ respectively, not the reverse).

o In Chapter 4, the use of the abbreviations ‘ECI’ (Excited Criegee Intermediate) and
‘EIC’ (Extracted Ion Current) should be checked carefully, especially in Figure titles
because they often get confused (page 167, Figure 4.24 and following).

e p.222: List of abbreviations / CE is defined as capillary electrophoresis but seems
rather used with the meaning of “collision energy” in the text?!

e A list of other minor typos will be provided directly to the author by the reviewer.
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2.

Specific questions

Here are some questions which have arisen from reading the manuscript:

1)

2)

3)

4)

3)

6)

7

8)

9
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Page 16: Sources of mineral dust in the atmosphere / 1 would think other
anthropogenic activities are contributing to the observed concentrations of
atmospheric dust, and not only agricultural activities?

Page 21: Health effects of atmospheric aerosols / A lot of US studies are mentioned
but what about Europe? And more specifically about Poland? Is it a special concern?
(or should it be?)

Page 90: Just Are eluents A pure (formic acid or ammonium formate) or diluted in
deionized water (then the concentration should be specified)? And was it ammonium
formate or acetate that was used? (since it is not mentioned in the reagent list — p.88 —
contrary to ammonium acetate)

Page 101: Were the ultrasound extraction parameters optimized and how was the
collection efficiency evaluated? Since ultrasounds tend to heat by cavitational effects,
how did you make sure the method was suitable for heat-sensitive samples?

Pages 110 and 115: Standard solutions are analyzed three times to establish the
calibration curves. However there is no mention of the repeatability, or any hint at the
uncertainties for the calibration? Have matrix effects (suppression or enhancement) be
investigated? Do you expect them to be significant?

Page 158: Why have the experiments been performed at only one reaction time
(estimated at ~33 s) and why this specific time?

Page 161: The reactant concentration ranges used in this study (a few to hundreds of
ppm) are far above atmospheric concentrations (as also highlighted by the author page

193) although they are known to influence SOA yield and most likely chemical
speciation as well. How can you further relate your work to atmospheric implications?
Page 164: When SOA are formed in the reactor, interactions with the wall should be
expected at least for semi-volatile and particulate products. Were there any
experiments to try to evaluate the wall influence on the results?

Pages 170, 192, 200 & 216-217: How were the uncertainties on the molar yields
determined (not specified in the text)? How did you make sure the increase in molar
yields due to the presence of higher relative humidity in the air flow was not due to a
different partitioning of hydrophilic molecules between the gas and particulate phases
as a result of filter sampling (the partial adsorption of water onto the glass fiber filter

enhancing the collection efficiency of the species investigated for instance)?



3. Summary
The thesis of B. Witkowski satisfies the criteria of a creative scientific work, based on: (i) an
exhaustive bibliography which identified research areas to be addressed; (ii) analytical and
instrumental developments; (iii) an original contribution to a better chemical characterization
of oxygenated species formed via ozonolysis processes and involved in secondary organic
aerosol formation.
Besides, B. Witkowski is co-author of 3 publications (2 as a first author) and has presented his
work in several conferences at the national and international levels. The author has thus
proved his ability to perform research and to achieve valuable scientific results. His stays
abroad (University of Colorado, Boulder, USA and ICARE/CNRS Orléans, France) for a total
of almost 13 months have provided him with a great opportunity to meet high-skilled
researchers in the community of atmospheric chemical kinetics.
In summary, I recommend that the permission for a public defense of the dissertation can be

granted to B. Witkowski.

MINES DOUA|
941 rue Charles Bourseu|
CS 10838
59508 DOUA| Cédex
Tél. 03 27 71 22 22 - Fax 03 27 7125 25

Véronique RIFFAULT, Assoc. Prof. Dr. Hab.
Chemistry and Environment Department,

Ecole Nationale Supérieure des Mines de Douai, France

B AT A BT i S i T Gl s WS B bt Sl e g e T AT R ST L e Ll e e T e ST e e i 1 e L e T T A e
Ecole Nationale Supérieure des Mines de Douai - 941 rue Charles Bourseul - CS 10838 - 59508 Douai cedex, France Page 5



