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Direct and relative rate coefficients for the gas-pase reaction of OH radicals
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Sandor D6bé

Abstract 2-methyltetrahydrofuran (2-MTHF) is a renewableeayr solvent, a platform molecule for organic
syntheses and a potential automotive fuel or fagitave that can be produced efficiently from ligietiulosic
biomass. Its reaction with OH radicals is importeoicerning both of its atmospheric fate and comibsKinetics
of the overall reaction OH + 2-MTH#F> products (1) were studied at room temperatiire 298 + 1 K) using both
direct and relative kinetic methods. The low presdast discharge flow (DF) experiments couplechwésonance
fluorescence (RF) detection of OH have provideddinect rate coefficient df; (298 K, 2.64 mbar He) = (1.21 +
0.14 (+2)) x 10 cn?® molecule® s™. The relative-rate experiments (RR) with gas-chatmgraphic (GC) analysis
were performed at higher pressure in synthetiasiing the reaction OH + cyclohexammedsH;,) — products (2) as
reference. The determined rate coefficient rkilk, = 3.80 + 0.17 (x2) has been converted kg(298 K, 1030 mbar
air) = (2.65 + 0.55 (#2)) x 10" cn? moleculé s™. Thisk, value agrees reasonably well with the only otlage r
coefficient reported which was determined also ighér pressures. Comparison with the DF resultcatgis a
possible pressure dependence of the reaction. Ingfa2-MTHF on the chemistry of the atmosphere hasn
briefly discussed.

Keywords Biomass-derived chemicals ¢ 2-methyltetrahydrofuradH radicals « Reaction kinetics « Atmospheric
chemistry

Introduction

Biomass represents a huge renewable supply ofdalubosic substances that can be used for theuptamh of
chemicals, energy, and solvents providing the pi@keto replace fossil commodities and thereforép haitigate
global warming [1], [2], [3]. There has been a higerease of the number of publications in therditere
concerning the catalytic conversion of biomass bimnass-derived resources to “low carbon footprivdlue-
added chemicals including biofuels [4] [5]-[8].Tlkgclic ether 2-methyltetrahydrofuran (2-MTHF) iseonf the
most promising renewable biomolecules. It can lmeElpced from biomass through furfural, or levuliaicid (LA)
with high yields. The title molecule 2-methyltetyalnofuran is produced from LA through the C5-cyddister,y-
valerolactone (GVL), which in itself is also a vatite platform molecule, produced by using a mudté of
homogeneous and heterogeneous catalytic methogsrtiamtly, there have been more and more efficiatalysts
available that do not necessitate the use of exgensble metals [4], [9].

2-MTHF is a particularly valuable alternative saivdor the pharmaceutical industry. It is an aprqtolar
solvent to replace, e.g., tetrahydrofuran (THF)jclhis derived from fossil reserves and also didmeethane
(CH,CI,), which is known harmful to the Earth’s protectiozpne layer. The physical and chemical propedfes
MTHF, such as, its low solubility in water, highbpoiling point and remarkable stability make attiaetits
application in syntheses involving organometallaosd organocatalysis and also for processing lighdasic
substances [10].

2-MTHF can also be used favourably as a biofuaidéel to gasoline in a wide mixing range [11]. 2-MTH
belongs to the group of second generation biof(#® that are produced from biomass, i.e., noniedibllulose,
hemicellulose or lignin, and so it does not compeite food production, unlike the first generatibiofuels (1G),
such as corn ethanol [12]. Recently proposed LAvedr2G biofuels, beside 2-MTHF, include ethyl |énate
(ELA) [4], GVL [5], [13] and 2,5-dimethyltetrahydforan (DMTHF) [14]. Moshammer and co-authors have
recently published a sophisticated experimental detadiled modelling study on the combustion anthéleof 2-
MTHF [15]. The authors have presented also an ptfdeverview of the related combustion literatutB][ In view
of the excellent physical, chemical and fuel préiper environmental and potential economic advardagf 2-
MTHF, its market-share is expected to grow rapidiythe future bringing down the price of this bisadased
chemical.
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Some release of 2-MTHF into the atmosphere is tablé during its use as a biofuel in transportatioas a
solvent in organic synthesis. Thus, we stronglyelvel that it is of vital importance to make relatalssessment of
the atmospheric chemistry and environmental impddhis renewable chemical before its widespreagl as it
should be in the case of any other industrial chatsior alternative fuels proposed in recent yehrsthe
atmosphere, the fate of 2-MTHF is essentially debeed by the rate of its reactions with OH radicder an
assessment of the atmospheric impact of 2-MTHFe wtefficients for OH reactions at and below ambien
conditions are needed. Moreover, rate parameterthéoreactions of OH with 2-MTHF are needed inidewrange
of temperature and pressure for the developmepteafictive chemical kinetic models for combusti@plécations.

Here we report rate coefficient for the reactiorOdf radicals with 2-MTHF at room temperatufie< 298 +
1 K) by using both absolute and relative kinetidmoes. Our work is part of a series of experimeatal theoretical
investigations that have been in progress on thetikis, photochemistry and catalysis of 2G reneesabOur
preliminary results on the kinetics of the OH + 2thyltetrahydrofuran (1) reaction have been rejgoirig16].

OH + 2-MTHF— products (1)

O

o

2-methyltetrahydrofuran, 2-MTHF.
Experimental
Discharge flow technique (DF—RF)

We have applied our conventional low pressure thstharge flow apparatus (DF) coupled with resoeanc
fluorescence (RF) detection of OH radicals [17-18]perform the direct kinetic experiments. Sincdes
modifications of the apparatus have been made,ageribe it here in some more detail; a schemasiwithg of the
apparatus is presented in Fig. 1.

As previously, our flow-tube reactor was positionedtically providing a convenient way of its fitg with
detection ports and gas introducing lines. Thetogawas constructed of Pyrex and had an inner diemud 40.1
mm and an overall length of 600 mm. Its internatfaze was coated with a thin layer of halocarborx wa
(Halocarbon Corporation, Series 1200) to reduce dffect of heterogeneous wall reactions. The reactas
surrounded by a thermostatting gown through whiistiliéd water was circulated in the current expemts at
room temperature by means of a thermostat (Jul&Bd-MV). The reaction pressure was measured at the
downstream end of the reactor by using a calibratgghcitance manometer (MKS Baratron, 10 Torr hebkig
reactor was equipped coaxially with a moveablecigjeto vary the reaction time. The injector cotesisof an outer
tube of 16 mm o.d., surrounding a coaxial shomeetof 6 mm o.d. OH was obtained by reacting hyenoatoms
with a slight excess of NOnside the moveable injector: H + NG> OH + NO. H atoms were generated by 2450
MHz microwave dissociation of Hin a large excess of He flow (Medical Suppliescidtron 200 generator)
discharged in a quartz tube which was attachetgaipstream end of the injector (Fig. 1). The dgesam passed
through the discharge contained Ar in a small paege (~0.002%) to facilitate dissociation of; lthe effective
degree of dissociation was ~15%. OH entered the-filoe from the injector through radially directed, mm
diameter holes. This arrangement had the advafageviding constant initial OH concentration aich position
of the injector and facilitated fast mixing of tteactants. Concentrations of the OH-source molesauéze: [NQ] =
4 x 10 and [H] = 6 x 13* molecule cr.

The flow tube and the moveable injector were cotettto a gas-handling vacuum system; flexible &tast
steel tubes (1 m x 12 mm i.d.) were used for th@eotion of the injector. The gas-handling systeas wperated
by two-stage rotary vacuum pumps (Tungsram BP-8Adodtel CIT) which also served for the evacuatairthe
flow-tube section between succeeding experimehts;,gbodness of the vacuum was monitored by Piranges
(Edwards, AGD 101M and MLW, PP-Vacuummeter). Gastanes, needed for the experiments were prepared on
the vacuum line premixed with helium by using MK&r&tron pressure meters (10, 100 and 1000 Torrshead

Helium was the carrier gas which entered the flgstesm through liquid-nitrogen-cooled activatedcsilgel
traps for further purification. He flows were regidd and monitored by calibrated mass-flow corgrsli(Tylan,
FC-260 and Aalborg, GFC 17). Smaller flows wereutatgd by needle valves (Hoke, Micromite) and were
determined by measuring the pressure rise in knesimmes by means of pressure transducers (El DBiviand
Schaewitz) connected to a strip-chart recorder ¢ikés] OH-814).

The average linear flow velocity wag, ~ 2000 cm & corresponding to ~60 ¢hs* volumetric flow rate.
This flow velocity is significantly faster than usereviously in most of our DF experiments, e.g[liii] and [19],
but it was needed because of the high rate ofttltkesl reaction. Thus, the apparatus was operatéiarde rotary
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Fig. 1 DF-RF apparatus and gas flows applied to studetkis of the reaction of OH radicals with 2-
methyltetrahydrofuran (2-MTHF). MW: microwave dische; TC: thermocouple; PCB: GC internal standard,
perfluoro-cyclo-butane (PCB); P: pressure meter:ll4t Suprasil lenses; PMT: photomultiplier; A/D:adogue-to-
digital converter; PC: computer for signal averggamd data acquisition; HV: high voltage power sypp

pumps of high pumping capacities (Edwards 40-L, &dis 80-L and Tungsram BPL-25). The pumps were
connected to the flow tube through large traps ematith liquid nitrogen in order to avoid back dgfon of oil
vapour and for removing condensable corrosive vepdthe DF technique allowed the reaction to bdistlwith
~0.3 ms time resolution.



The lower end of the flow tube was coupled to aklanodised aluminum fluorescence cell mounted with
Suprasil (Heraus) windows. The OH radicals wereatet by A>*—X? (0,0) resonance fluorescence (RF), and a
microwave-powered discharge lamp provided the exciRF radiation (AHF-Analysentechnik, GMW 24-308RD
generator). A novel construction RF lamp assemldg wsed in the experiments (Fig. 1). The lamp wesaaially
arranged double quartz tube through which waterrated Ar (~1% HO in Ar) was flown at ~1 mbar pressure. The
optimal flow and pressure conditions for the RFpawere set by a needle valve (Hoke, Micromite) amtessure
meter (MKS Baratron, 10 Torr head) .

The induced RF radiation was collected at rightestp both the optical axis of the lamp and the gfeeam
and imaged onto the photocathode of a photomutigiEMI, 9781QB). The PM viewed the OH fluorescence
through an interference filter with the optical pesties ofA.x = 307 NM, T = 25% andFWHM = 25 nm (LOT-
Oriel). Blackened baffles and light traps were usededuce scattered light in the detection volume.

The analogue signal from the PM was digitalized madsferred to a laboratory PC for averaging amthér
data acquisition using a purpose-built hardwaréwsok system (H-Interorg Ltd, 2013) which providad on-line
estimation of the rate coefficient of the reacti®i detection sensitivity was ~1 x °ifiolecules cr.

The 2-methyltetrahydrofuran (2-MTHF) reactant wiatsdduced into the reactor from 2-MTHF/PCB/He gas
mixtures that were prepared manometrically in 1Byrex bulbs and were allowed to mix for at leasodrs prior
to use; the 2-MTHF concentration was typically ~5Bfe inert internal GC standard perfluoro-cycloang (PCB)
served for determination of the accurate conceatraif 2-MTHF in the gas mixtures; no measurablengjes were
observed during a few days of storage time. Tha&di@-MTHF samples contained 250 ppm butyl-hydrebojliol
(BHT) as a stabilizer. No BHT has been found indgae mixtures by GC analysis in line with that bioding point
of BHT (265°C) is much higher than that of 2-MTHF ().

Relative-rate technique (RR-GC)

The relative-rate (RR) kinetic experiments wereriedr out in a 19.8 cm (optical length) x 2.1 cmtdmmal
diameter) jacketed cylindrical quartz cell whichsafiitted with Suprasil windows and was thermostatedoom
temperature by means of a thermostat (Julabo, F8)L-Whe photolysis cell was equipped with a GC stmgp
port, which included a septum joint and could bacesated separately. The reaction temperature itisedeell was
measured with a retractable thermocouple and wasdf@onstant at 1 K. OH radicals were produced lytg
oxidation of methyl nitrite in atmospheric presssyathetic air:

CH3;ONO +hv — CH;O + NO
CH;0 + G, —» HO, + CH,0O
HO,+ NO— OH + NG,

For photolytic production of OH radicals, we usedadified cinema projector, the light source of g¥hi
was a 3 kW Xe lamp. This light source is of muchieir power then required for the current kinetipegkments,
but it is intended to be used also for a subseqpeottuct study of the OH/2-MTHF/air photo-oxidatiogaction
system using a large-volume photoreactor. A paiabieflector collimated the light of the Xe lamp &oparallel
beam and was passed through a heat reflecting maine three water filters of 11 cm optical pathsheto remove
the heat ballast. The middle part of the light besntering the photolysis cell was cut by a 20 canditer blend
bored in the middle of a blackened metal platetardight intensity was reduced by metal sieves.

The reaction mixtures contained (1.48—2.72) *° 1folecules cit 2-MTHF reactant, (0.70-1.16) x 0
molecules ci? c-CgH,, reference reactant, 0.4 x#nolecules ¢’ ¢-C,F; (internal GC standard), ~5 x 0
molecules ¢t methyl nitrite, and synthetic air close to 1 bBEne gas mixtures were prepared on a conventional
vacuum line in a 10 L Pyrex bulb using MKS Baratnoressure gauges (10 and 1000 Torr heads). Inta tes
experiment, the reaction mixture was allowed tmdtéor 48 hours in the dark in the 10 L Pyrex comda there
was no observable loss of the reactants.

The concentration depletions of 2-MTHF and t©&€H,, reference compound were determined by
temperature programmed gas-chromatography (GC)deet00 and 160 °C using flame ionization (FIDedbn
(Agilent, 7890A GC). A QS-BOND (Restek) fused sllicapillary column (30 m x 0.53 mm x 20 pm film
thickness) served for the separation of the comgsuiHe was the carrier gas. During analysis, thepiag line of
the reactor was flushed through with the reactiaxture and samples for GC analysis were withdraya lgastight
syringe.

The quoted uncertainties are two standard devigtibroughout the paper and represent precision dhig
errors are typically those that have returned febamdard curve fitting procedures and have alwags Ipropagated
for the derived quantities. Suppliers and puribéshe materials used in the DF-RF and RR-GC erparts have
been summarized in Table 1.



Table 1 Materials used in the experiments

Name Supplier Purity (%) Note
He Messer-Griesheim 99.996 e
H, Messer Hungaria 99.999 e
Synthetic air Messer Hungaria >99.99 e
Ar Linde 99.995 at
H,O lon exchange water b
NO, Messer-Griesheim >99 ¢
2-MTHF Aldrich >99 o
c-C4F5 (PCB) PCR Inc. 99 ef
c-CeH1z Aldrich >99 &
CH;ONO Synthesized >99.5 h ¢

4 Used as provided; He was passed throug) Naps filled with activated silica gel beforatering the flow reactor
®Used for the operation of the OH resonance fluenese lamp

¢Purified by multiple low temperature distillatioitsvacuum until the frozen Necame ‘bright white’

4 2-methyltetrahydrofuran (2-MTHF); the liquid samptentained 250 ppm butyl-hydroxyl-toluol (BHT) as a
stabilizer

®Degassed prior to use

"GC internal standard, perfluoro-cyclo-butane (PCB)

YReference reactant, cyclohexaneCgH1,)

" Prepared from methanol with nitrous acid [20] andiffed by multiple bulb-to-bulb distillations inacuum and
stored at 255 K in darkness

Results
Determination ok; from DF—RF experiments

The discharge flow experiments were conducted-aR98 + 1 K reaction temperature gnég 2.64 + 0.10 mbar He
pressure.The standard pseudo-first-order kinetic method witie plug-flow approximation was employed to
determine rate coefficient for the overall reactadrOH with 2-MTHF using a large excess of [2-MTH®}er the
initial hydroxyl radical concentration of [Oblk 1 x 10"* molecule ci?. The 2-MTHF concentration was varied
between 1.65 and 27.3 x amolecules cii. The experiments were performed by recording the r€sonance
fluorescence signal magnitudes vs. the varied i@aclistance Az, with, S, and without,Sy, of the reactant 2-
MTHF flow. The experimental observables were eviglddy equations (1) — (I1I):

Son — ’ Az I
—In(Soﬁ>—kl X 0
k,” =k, x[2— MTHF]+ const - (m
_inS, =k, x 22 D)

lin

The measured hydroxyl decays, when plotted accgrttinegn. (1), displayed straight lines, the slopes
provided the pseudo-first-order rate coefficierdqay constantk;’. Sample decay plots are presented in Fig. 2, and
Fig. 3 shows a plot df;,’ versus [2-MTHF]; the bimolecular rate coefficiekt, was obtained by weighted linear
least-squares (LSQ) analysis. The plotte8.}nvs. Az data gave also straight lines, the slopes of whigiplied the
‘wall rate coefficient’ ofk, ~ 25 s. This is of the usual magnitude for heterogendoas of OH we observed
previously for OH reactions with oxygenated organiblo corrections of the pseudo-first-order ratefiicients
have been made for axial and radial diffusiona¢@ and viscous pressure drop. Estimations byrtesppéormulas
[21-22] have shown the corrections to be small pawdially cancelling each other’s effect for oupeximental
conditions. The experimental parameters and kimesalts have been summarized in Table 2.



Table 2 Experimental conditions and kinetic results foe DF—RF study of the OH + 2-MTHF (1) reactioh=
298 + 1 K,p=2.64 £ 0.10 mbar He)

10 x [2-MTHF] ki (s Vin (cm s%) ky (s 107 x k; No.?
(molecules crm) (cm® molecule® s
1.65-27.3 45-363 1100-2100 25+8 1.21+0.14 39

aNumber ofk;," determinations

05 |-
1.0 .
1.5 |- i
’-% 2.0 - -
n I 7
8 2.5 - -
D eS " 1.73 7
£ - ® 583 .
3.0 |- A 9738 -
| ¢ 13.88 ]
35 v 2189 266.3s"
| [2-MTHF]/ 10" molecule cm™ |
4.0 |- i L. 1 M | § L £ 1 " 1 3 1 . | & i | T

8 10 12 14 16 18 20 22 24 26 28 30

Azl cm

Fig. 2 Typical semi-logarithmic OH decay plots from DF-Rkperiments of reaction (1). The numbers attached t
the straight lines are pseudo-first-order rate famehts measured at the respective 2-MTHF conegiotrs.
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Fig. 3 Plot of pseudo-first-order rate coefficients agaithe 2-methyltetrahydrofuran concentration. Thepes
providesk;.

Determination ok; from RR—GC experiments

The relative-rate experiments were carried ouf at (298 + 1) K reaction temperature pn= (1030 + 20) mbar
synthetic air. The rate coefficient ratiky/k,, was obtained by comparing the rate of loss of rictant 2-
methyltetrahydrofuran (2-MTHF) to that of the refece compound;-hexane ¢-CgHy,).

OH + 2-MTHF— products (1)
OH +c-CgH» — products (2)

Provided that the reactant and the reference contpare removed solely by reactions with OH radieald are
not reformed in any process, the standard RR egioress derived:

- - Ce H12
.(W)(k_)l e~ Catha, W)

[2— MTHFL k, [C -C, le]t

where [2-MTHF}, [2-MTHF];, [c-CsH12]o, and [c-GH3]; are the concentrations at tirne 0 and subsequent times,
t. Thus, a plot of In([2-MTHR}[2-MTHF],) against In(§-CeH12]o/([c-CsH12]r) should be a straight line with slope of
ki/k, and intercept of zero. The data obtained from isdweadiations are plotted according to equa(idf) in Fig.
4. Linear least-squares (LSQ) fitting procedurddgehe rate coefficient ratia/k, = (3.80 + 0.17) and an intercept
of zero within the experimental uncertainties.

The determined rate coefficient ratio has beent@un absolute scale by making use of the ratéficieat
of the reference reaction OHc+CgH1, (2) recommended by Atkinson in his critical dataleation,k, (298 K) =
(6.97 + 1.41) x 102 cn? molecule [23]. In this way, the rate coefficiefitkg(298 K, 1030 mbar air) = (2.65 * 0.55)
x 10 e mol™ s is obtained. Results of the RR—GC experiments baea summarised in Table 3.



Table 3 Experimental conditions and kinetic results far teaction of OH radicals with 2-MTHF using theatele-
rate kinetic method with-CsH;, as the reference reactamt 298 + 1 K,p = 1030 + 20 mbar synthetic air)

10 x [2-MTHF], 10 x [c-CHilo  kitko 10" x k, 10" x k, No.?
(molecules cr) (molecules crm) (cm®molecule’s™  (cm®molecule’s™)
1.48-2.72 0.70-1.16 (3.80+£0.17) 6.97 % a1 2.65 £ 0.55 11

2 Number of RR data points (see Fig. 4)
®Taken from [23]

1.50 |
k 1k =3.80% 0.17

7=298K
p = 1030 mbar air

1.00

In([2-MTHF]_/ [2-MTHF])

0.00 1 1 1 1
0.00 0.10 0.20 0.30 0.40

In([c-C,H_]. / [c-CH_,])

Fig. 4 Relative-rate plot used to determine the ratefmeft ratiok;,(OH + 2-MTHF)k,(OH +c-CgH1»)

Discussion
Kinetics of the reaction of OH with 2-MTHF
The following rate coefficients are obtained foe tieaction OH + 2-MTHF (1) from our current work:

DF-RF result:

k(298 K, 2.64 mbar He) = (1.21 + 0.14 @ x 10! cn molecule® s,
RR-GC result:

ki(298 K, 1030 mbar air) = (2.65 + 0.55 @ x 10 cn? molecule® s™.

The determined rate coefficients are large valusglaling high reactivity of OH with the cyclic eth2-
MTHF similarly to open-chain aliphatic ethers, sesy., [24—26] and references therein. It is tmbed, moreover
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that thek; value determined at ~3 mbar is less than halhaf measured at ~1 bar suggesting a possible peessu
dependence of the reaction.

To our knowledge, a single other kinetic study basn reported on the reaction of OH radicals with 2
methyltetrahydrofuran [27]. Wallington and co-workapplied the direct technique of flash photolysi) coupled
with RF monitoring of OH and also the relative-régehnique of stationary photolysis (SP) combineth WTIR
analysis by performing the experiments in 47 mbaraAd 980 mbar synthetic air, respectively [27]e¥ have
concluded the results obtained with the two methodsgree well and proposed a room temperatureccegicient
of k(298 K) = 2.2 x 10" cn® molecule® s™. Our RR—-GC rate coefficient is higher by ~19% #mellow pressure
DF-RF rate coefficient is lower by a factor of ~1lBone compares the high pressure RR results, anly rate
coefficient agrees within error limits with thaparted by Wallington et alk;(295 K, 980 mbar air) = (2.53 + 0.31)
[27] andk,(298 K, 1030 mbar air) = (2.65 * 0.55), this wdkth given in 10" cn?® molecule® s™.

Reaction (1) is anticipated to proceed via H-atdmstraction. There are several examples in the tecen
chemical kinetic literature revealing that manytleé hydrogen abstraction reactions of OH radicedeqed via the
formation of hydrogen-bonded ‘prereaction’ compexRCs) which frequently give rise to specific étin
features, such as a pressure dependence and uterapalature dependence (see, e.g., the reviewgpapR8—29]
and [30]). In a very recent theoretical articlen8iie has reported on the kinetics, mechanism agwhhchemistry
of the reactions of cyclic ethers with differergdrradicals including the reaction of OH with 2-MA F81]. Simmie
has performed high level quantum chemistry compmuriatand found the abstraction by OH to occur thhothe
formation of PRC along the reaction path posseg$iagizable binding energy of ~(-23)
kJ mol™. The computations have shown abstraction from yhéthbe negligible compared with abstraction ofgri
H-atoms which occur through negative barriers [81]accordance with the high rate coefficient meegur
experimentally.

Experimental observation of a pressure dependeageimdicate that the reaction system behaves cladigic
activated: the prereaction complex is formed vibratlly-rotationally excited, which, beside transfong to
products, may undergo the competitive processagfofmation back to reactants and deactivation dilfissons
with the bath gas molecules giving rise to a deszraxd the overall reaction rate coefficient witltidasing pressure.
While this explanation is believed to be a reastmalne, it is also clear that the pressure depamdshould be
more firmly established by performing further kisetexperiments in a wide pressure range, and @ielfgr
supplemented by statistical rate theory computation

Implications for atmospheric chemistry

2-MTHF reacts in a fast reaction with OH radicalgphoto-dissociates only at very short wavelengtiees not
hydrolyse [32] and so its atmospheric depletioresailace predominantlyia reaction with OH. We have used the
OH reaction rate coefficient df, = 2.7 x 10™ cn? molecule! s* we have determined at 1 bar and room
temperature to estimate the tropospheric lifetim2-MTHF with respect to its reaction with OH raalis, 7on. With
an average global OH concentration of [@é} = 1 % 16 radicals criv® (24 h average) [33-34], the tropospheric
lifetime of 7oy = 1/(ky(298 K) x [OH]00a) = 11 hours is estimated. That is, a very shapdspheric lifetime is
predicted. It is noted that this estimation is lolasa the assumption of complete global mixing &fiZHFwhich is
clearly not the case in view of the short lifetiamed the average tropospheric transport time-sdadd@v months.

The short lifetime implies that 2-MTHF will be degled close to its emission sources affecting aality at
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local and regional scales, most prominently throdigtmation of ozone. Ground-level ozone is a ptjoRir
pollutant that is toxic, a potent greenhouse gashhs direct and indirect effects on the Eartlifeate system [34].
Different atmospheric organics (VOCs) have differability to contribute to ozone formation, whiclarc be
quantified by using the ranking parameter of PO®Rofochemical Ozone Creation Potential) developgd b
Derwent and co-workers — see, e.g. [35] and [36JCP values are derived by atmospheric chemistryefsd85—
36], via calculation of the total additional ozoaeadding a given amount of VOC relative to theitiall of the
same amount of ethene (the POCP for ethene isetkefas 100). Jenkin has proposed a simplified method
estimate POCP values for organic molecul8“(VOC) [37]. The estimation procedure uses the fumetatal
molecular properties of the VOCs (molecular massnlmer of carbon atoms, number of C—C and O-H bomnd®
coefficients for OH reactions (including OH + etbg¢mt 298 K and in 1 bar air, as well as empirgalameters
depending on the types of organic molecules [358e-also a summary of the method in [24].

Using Jenkin’s method and our rate coefficient sneed at ambient conditions, we have estimateduse \at
~35 fore"°“2-MTHF). This is less than the POCPs of reactiyerbcarbons or >C4 ethers and alcohols [24], [35—
36] indicating that the practical use of the reniel@aiomolecule 2-methyltetrahydrofuran will likehot lead to a
deterioration of air quality. A more sound assesgma& the atmospheric impact would be expected from
experimental and modelling studies of the atmosphmroto-oxidation of 2-MTHF.
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