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Auto-oxidation is important in atmospheric and

combustion systems

« Gas-phase autoxidation is a pseudo-unimolecular fast lane to molecular
growth and reduction in vapor pressure

* Results in low volatile HOM (=highly oxidized multifunctional compounds)
« Condensable low volatile vapors form SOA (=secondary organic aerosol)
- HOMSs lead to auto-ignition in combustion engines

. b % Clustercollisions dominate ®
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High fidelity experiments to explore
auto-oxidation chemistry

Multi-gas controller

- Jet-Stirred Reactor-Synchrotron Radiation Photoionization Mass Spectrometry
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High fidelity experiments to explore
auto-oxidation chemistry
« JSR-APCI-Orbitrap mass spectrometer analysis, KAUST

v Atmospheric pressure chemical ionization (APCI), soft ionization, mono-
charged ions, proton transfer (M+1)

v" High mass resolution: 100000 to 200000 and Ultra-high detection limit: 1 ppt

APl lon source Linear lon Trap C-Trap

2 et i

1 Dﬁ

- 8 3 8 I fj: =
Differential pumping Orbitrap Cl:|\=i||:>

JSR reactor Sampling tube APCI-Orbitrap MS -

Wang et al., Combust Flame, 2017



Auto-oxidation intermediates under

combustion conditions
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Multiple O, addition auto-oxidation scheme

b: n-alkanes

a: branched alkanes

d: aromatics  e: others

Eight hydrocarbons

c: cycloalkanes
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Wang et al. PNAS (2017), 114, 13102



3" O, addition auto-oxidation scheme
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Auto-oxidation is structure dependent

3rd O, addition autoxidation tendency
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Multiple O, additions promote ignition

- Effect of 3" O, addition reaction scheme on ignition
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hexane/air mixtures at 15 atm angle for n-hexane/air mixtures in

an HCCI engine

« Third O, addition promotes the ignition of n-hexane at RCM conditions
« Engine ignition is advance when third O, addition is considered

* Production of HOM increases advances OH radical production.
Wang and Sarathy, Combust Flame (2016)
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High fidelity experiments to explore
auto-oxidation chemistry
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Experiments under atmospheric conditions

(1) VOC+TME+0O3

\éoc+ TME + O, > OH + other
e — | MS products
+Air * Ozone around 100 ppb

« TME varied 50, 100, 250, 500 ppb

1 m Quartz 2.4 cm i.d. Reactor, High [VOC] = 10 ppm, Residence time ~3s,

Room T and p
] m OH
Simple simulation for [RO,]: [OH] and . | eRoz
1. TME + O; > OH + TME_RO, [RO,Jat 3 5.
2. VOC + OH > RO, seconds for - |
3. TME + OH > TME, RO, butylcyclo- 2 |
hexane: ]

TME (ppb) 20



Straight chain C, H Straight chain C, H, O
* n-hexane * Heptanal
* n-dodecane * Decanal, Decanol, 2-decanone
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Monomers

CesH1005
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2.4{(a) TME 50 ppb CsHxOy 1.6 O C1zHz220v
Ce6H1106 X:10, 11, 12
1.2 o
&D"+Lq“,!41..9.1!:1144+p++#4f+?7 0.0 f.f..ff..P:”....:.HK.,.F.!Vf
g/ (b) TME 100 ppb o a
. Auto-oxidation happens !
2 4
‘w US
S
E 0"':',%L',"ﬁh;‘*+“— ,u,u” I| II|[JIIII|J II|II !Iln‘ul
£ 40{ (c) TME 250 ppb
2 0.6
w
20 03 |
0+ : 'I' - I'! I' n - 0.0k Lu || ..[h]l I II n |I | I ull
1401 (4) TME 500 ppb s rrTTTrTTTTrTT T
O10
. Os Os
2 Os (8 ]:]
| O7 |
O PSSR M anean Ml 1) WP VI F FYPVAOVORN N PRPOPPIOV | P

210 220 230 240 250 260 270

miz

miz

The dominant ROz2 radical: CeéH1106

Dimers

C12H220s
C12H2209
C12H22010



cycloalkane vs aldehyde
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Signal intensity

cycloalkane vs aldehyde +D,0

16{(2) TMES0 ppb  C7HxXOv Sl TMESOppb  C7HXOv | 40/@ TMES0PPD  C7HXOy | #201@TMESO PP C7HXOv |
X: 12,13, 14 X:12,13,14 C7H150
] 3 110/ 7H1506
0.8 20; C7H1306]
0.0/ [1 4 |."| A ..]JI] i | 0 J -II.llj :'!If'ﬂ L EIT S ETYI P 0 L LI ln o 0 L II:L |lu
4] (b) TME 100 ppb 12/ (b) TME 100 ppb ] g0/ (b) TME 100 ppb ] 400{ (b) TME 100 ppb
8 C7H1506 |-
2/ C7H1306 %‘ i 2 401 | 2 2001
0
c . . " mgm c
N |‘| Ladies ol £ | Cycloalkane auto-oxidation may be initiated | £ | | Al
20! () TME 250 ppb g | by the formation of aldehyde function group | § 4% (c) Tme 250 ppb
o n 7
101 40 1 80 1 7004 “L
0___J|J. A ) ko Al L .IllI Ly 0””1!. '''''''''''' ||| ..... - 0 1'- — |.|].|.n S—
L) L) L) T L] L) 200 ] . ! d y .
o e O 400 Ou 2200 ] Os
s0] 05 100; 2001 ] 1100 1
0? 07 04 06 0 04 OE OT
Ll . oboclln § [P Dl e e
230 240 250 260 270 280 290 300 230 240 250mf‘2260 270 280 210 220 230 2421 !2250 260 270 280 210 220 230 2421!2250 260 270 280
miz

ot Oy +D,0 s e 4D,0

In both cases C7H1306 radcials has two acid H atoms



Cyclohexane oxidation = going for that prompt RO radical!

Can H-scrambling avoid
decomposition?
(e.e. Knan. H. C. et al

Need to esca|
potential termination
reactions!

Can you escape
this carbonyl
forming reaction?

Does this
need to
decompose?

*RO intermediate needed to break
the ring, right?

**Leads to odd oxygen RO, (i.e., RO;)
—> So then we need two times RO, +
RO, to get to RO,

(...also RO, + HO,)

25




Summary

Auto-oxidation under combustion and atmospheric conditions shares
many similarities

Experimental and theoretical techniques/skills from both fields
complement each other

Alkanes auto-oxidation leads to HOM formation in both environments,
albeit the underlying chemistry is different.

RO2+R0O2 : atmosphere, RO2=Q0O0OH : combustion
o292
-~ ‘ »

26
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