Investigation of 2,5-dimethylfuran oxidation reaction initiated by
O(3P) atoms via synchrotron photoionization
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Introduction Results
Energy allows us to access convenient lifestyles. Owing to this provision of i - Table 1. Branching ratios of the identified products that show fast forming rate at

energy and the human population growth, the global demand for energy, which f=r — feor : either/both temperatures relative to 3-penten-2-one.
mostly relies on fossil fuels, is increasing rapidly.! More than 80% of this : WSS : | k.. I — H abstraction O(3P) addition s Specios Branching ratios and uncertainties
requirement has been fulfilling through fossil fuels, the limited thus depleting et L S TR | ook I ,_.-.4'--1-:4,,- o S0 K 700 K
resource.!> To reduce the usage of fossil fuels and meet the requirement, eclectic 3 ] _,wgv‘g. 7 VATY Y o . 0 40 propyne 0.17 £ 0.07 0.37 +0.13
resources are being studied and biofuels have been receiving great attention. 5 DA% \@/+ G \@< ISC 42 cthenone 0.59 +£0.21 0.91+0.29
Among the candidates of biofuel, 2,5-dimethylfuran (2,5-DMF) attracts many | | 3 Puml N ) T el N 70 3-buten-2-one 0.42+0.14 2.52+0.81
researchers to investigate its properties. 2,5-DMF has a high volumetric energy OO NS Weewemyloo - L T e \@ 70 (E)-2-butenal 0.72£0.23 0.72+0.23
density (31.5 MJ/L) compare to gasoline (32.2 MJ/L) with a high octane number e A = — P ot e \Q/ - . : 2/ 54 3-penten-2-one 1.00=0.30 1.00=£0.30

e | o _ oo \y S -  Secondary roduct at m/a=110 \B/ + o (D 7 { 84 3-methyl-2-butenal 0.80 + 0.24 0.43 +0.13
(119).34 Higher octane numbers tend to reduce knocking in an engine and thus ‘ o +70 K/mol : 112 (£)-3-hexene-2,5-dione 1.28 +0.40 0.78 £ 0.23
increase fuel efficiency and lessen damages to the engine.® Due to its great N | \ i - 59 k/mol 112 5-hydroxyhexa-3,4-dien-2-one 0.82 + 0.25 0.46 + 0.13
potential as an alternative fuel, many studies regarding production and | ’ 5 ; : R 20 2 30 112 2,5-dimethylfuran-3(2H)-one 0.15 + 0.05 0.12 + 0.03
combustion of 2,5-DMF have been carried. - ‘ ‘ inetic Time (ms)

Our previous stud){ probed methylidyne_ radical (_CH anq C_D) reac_:tion with Figure 2. Time traces of reactant (inverted signal, i.e. Scheme 1. Reaction pathways for H abstraction and for )
2,5-DMF and two main pathways, CH addition and isomerization assisted by a | multiplied by -1), primary, and secondary products at O(3P) addition. The energies of the presented species are Conclusions
hydrogen atom, were reported.® In this work, oxidation of 2,5-DMF initiated by Ch g m A =0 Fmad 700K relative to 2,5-DMF+ O(3P). . o o _ L _
O(3P) was Studled at 550 and 700 K through Synchrotron radlatlon Coupled Wlth L . In thIS InVGStlgathn, OXIdatIOn Of 2,5'd|methy|furan InltlatEd by O(3P) Was StUdIEd
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multiplexed photoionization mass spectrometry at the Lawrence Berkeley gigure 1|.0The tgree-hdimin;i_ongl el employing synchrotron radiation at the Lawrence Berkeley National Laboratory. A
) . ataset opbtained at the IN Berkeley, h tical stud ! f dt b : hemist fi th
National Laboratory (LBNL). The measured photoionization (Pl) spectra and theoretical study was also performed to probe primary chemistry reaction patnways.
Kinetic traces were utilized to identify products. Reaction mechanisms of all the == B Products branching ratios were calculated compared to 3-penten-2-one (set the 3-pent§n-
Identified products are presented employing the potential energy surface (PES) | [ Figure 3. Mass spectra at both temperatures (middle), - w72 il 2-or_1e_ as 1.00) based on Equatlpn 1. We ot;served t WO main reaction pathways, O(°*P)
scan method and electronic structure calculations. and experimental photoionization plots with 2 T : ﬁd(;'tlon a”t()j thydtr'oge? subtrtactlczn_. ITPZ _Og _P)Iafiféltlog Bf;thwr?y,hm()(rje favc_)r?ble tthan
appended literature/simulated photoionization curves. ydrogen abstraction, Torms two triplet diradicals (L and L), whith undergo Intersystem
“ TF;]IZ orimary products are propii/ne (m/z 40), ethenone P crossing into the singlet epoxide E. The hydrogen abstraction pathway generates only
The Chemical Dynamics Beamline 9.0.2 at the Advanced Light Source (ALS) (m/z 42), 3-buten-2-one (M/z 70), (E)-2-butenal (m/z T e T T e the doublet radical (A). In fact, the formation of the radical (B) is endothermic. An
pf LI_B!\IL was utilized _to carry _out this experiment.® Reaction species were 70), 3-penten-2-one (M/z 84), (2)-3-hexene-2,5-dione === : oxygen molecu_le then binds to A to generate pr_oducts. From our previous stydy of the
Identified Fhrough multiplexed time- _an_d energy-resqlve_d mass spectrometry (m/z 112), and 2,5-dimethylfuran-3(2H)-one (m/z NO 12 Cl _|n|t|ated oxidation of 2?methylfuran the maln_expected product from this channel
coupled with tunable synchrotron radiation for photoionization. The collected 12). . T | derives from the self-reaction of the peroxy radical and should be 5-methylfurfural,

which Is indeed observed. The experimental Pl spectra of products Iin this work were

data consisted of the ion signal as a function of photon energy (eV), reaction i . \
time (ms), and mass-to-charge ratio (m/z), which formed a three-dimensional 0 Tf\ i ) o identified by comparison with literature Pl spectra and/or simulated Pl spectra. The
= = = = = = ﬁ o ! Jlll A i 0 A I A . . _ Jﬂ. s / \.\ - | Ao o Iﬁ,‘ li AN 120x1 - ~L:
data block (Figure 1).” Two-dimensional slices of the three-dimensional data It e T e B e B A e A i [ —— identified molecules at the both temperatures are propyne (m/z 40), ethenone (m/z 42),
. . L. ) @ o pRemasenaas Adefer gy | 44 I o —
were obtained for the data analysis by fixing one variable. The reactants show " ctonEney ) LT0OK ] No m/z (amu) . 2 acetaldehyde (m/z 44), 2-proen-1-ol (m/z 58), 3-buten-2-one (m/z 70), (E)-2-butenal (m/z
negative 1on signal (depleting species) from kinetic time plots (ion signal vs HEC"CV N o o1 25DMF 2 70), 3-methyl-2-butenal (m/z 84), 3-penten-2-one (M/z 84), (£)-3-hexene-2,5-dione (M/z
kinetic time), whereas products have a positive signal. Figure 2 shows the time z 70 } ; ‘ 112), 5-hydroxyhexa-3,4-dien-2-one (m/z 112), and 2,5-dimethylfuran-3(2H)-one (m/z
- . . . c 42 .-y .
traces of the reactant (multiplied by -1) compared with a primary product and w] " . }L L | | )\ l‘ IIIIII 112). At 700 K additional product masses were detected, m/z 68, 82, 94 and 110, and
. . - . 8 ' 1. bl T = . S - . .
secondary products. The signal was integrated in the time range 0-40 ms to £ opret r . 4‘;% " S Blc\J“ 4 T wﬂ n— :;j)” L al S o Identified as non-primary products based on their time traces.
- - - - - N s
minimize the presence of secondary product signal at both temperatures. " m/z (amu)
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