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Abstract

Proton-transfer-reaction mass spectrometry (PTR-MS) has emerged as a useful tool to study the atmospheric chemistry of volatile organic
compounds (VOCs). The technique combines a fast response time with a low detection limit, and allows atmospheric measurements of
many important VOCs and their oxidation products. Here, we inter-compare the results obtained with two differently configured PTR-MS
instruments operated onboard a Falcon aircraft during the Mediterranean Intensive Oxidants Study (MINOS) campaign in the Mediterranean
region. One PTR-MS was operated at a drift tube pressure of 2.3 mbar and an electric field divided by gas number densitijvafue (

120 Td for the detection of VOCs and aromatic hydrocarbons. The other PTR-MS was operated at an increased pressure of 2.8 mbar and
a reduced=/N of 97 Td for the detection of peroxyacetyl nitrate (PAN). As a consequence, m@¥§(H,O), cluster ions were present in

the drift tube, which undergo proton-transfer reactions with VOCs similarsto*Hons. The results for methanol (GBH), acetonitrile

(CH3CN) and acetone (CHOCH;) obtained with the instruments compared very well. The agreement between the two results was relatively
independent of the ambient mixing ratio of water, which influences #@"tH,O), cluster ion distribution, and of ozone, which has been
implicated in the artificial formation of aldehydes and ketones.

© 2004 Elsevier B.V. All rights reserved.
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1. Introduction the ultimate fate of these compounds in the atmosphere. Most
VOCs react with hydroxyl radicals (OH), many react with
\olatile organic compounds (VOCSs) are released to the ozone and at night with nitrate radicals ()and some can
earth’s atmosphere from a wide variety of sources, both of be photolyzed. The products of the reactions may react fur-
natural and man-made origfit]. Although some sources are ther or may be lost from the atmosphere by deposition at
reasonably well quantified, many uncertainties remain aboutthe earth’s surface or through uptake by clouds and aerosols
followed by rainout. The magnitude of the different loss pro-
cesses is largely unknown, and hence the atmospheric budget
* Corresponding author. Tel.: +1 303 497 3878; fax: +1 303 497 5126.  of organic carbon remains very uncertain. Resolving the un-
| E-mail addressjoost.degouw@noaa.gov (J. de Gouw). _ certainties is one of the main problems in our understanding
l?rewously with Institute for Marine and Atmospheric Research, Uni- of the chemistry of the lower atmosphere. It is an important
versity of Utrecht, Utrecht, The Netherlands. . . . . . . .
and1SSU€, since the photo-oxidation of VOCs is implicated in the

2 Present address: Department of Environmental Science, Policy, . . . .
Management, University of California, Berkeley, CA, USA. formation of ozone and aerosols in polluted air, which are

1387-3806/$ — see front matter © 2004 Elsevier B.V. All rights reserved.
doi:10.1016/).ijms.2004.07.025



130 J. de Gouw et al. / International Journal of Mass Spectrometry 239 (2004) 129-137

both major air pollutants, have adverse health effects to hu-formed during the New England Air Quality Study (NEAQS)
mans, and are significant factors in the earth’s climate system[15].
[2]. Here we inter-compare measurements of methanol
Proton-transfer-reaction mass spectrometry (PTR-MS) is (CH3OH), acetonitrile and acetone that were made using
a technique for measuring trace amounts of VOCs in air, and two differently configured PTR-MS instruments onboard a
was developed by Lindinger et al. at the University of Inns- Falcon research aircraft as part of the Mediterranean Inten-
bruck[3,4]. In PTR-MS, air is continuously pumped through sive Oxidants Study (MINOS)L6]. The MINOS campaign
a drift-tube reactor, and the VOCs are ionized by proton- was focused on the chemistry of tropospheric ozone in the
transfer reactions with $0* ions. The HO* and product Mediterranean region and on the long-range transport of pol-
ions are extracted from the gas flow, and are mass analyzedutants to the global atmosphere. Global models have shown
and detected with a quadrupole mass spectrometer. Clusterthat summertime ozone levels over the Mediterranean are
ing of the HBO* and product ions with water molecules in  continuously elevated with mean mixing ratios in excess of 80
the drift reactor is prevented to a large extent by applying a ppbv[17]. Athree-dimensional chemistry transport model re-
longitudinal electric field in the drift tube. This simplifies the produced the seasonal trend of ozone levels observed at Crete
ion chemistry in the drift tube reactor considerably and al- Island, but consistently underestimated the ozone mixing ra-
lows the detection of a wide variety of VOCs independently tios by 10-20 ppbv, pointing out the need for more compre-
of the water content of the sampled air. hensive information on the VOC and N®mission sources
Since 1998, PTR-MS has been used in a number of air- inthe region and a better understanding of the VOC chemistry
borne measurements of the atmospheric composition. PTR{18]. The MINOS campaign was organized in August 2001
MS and other instruments were used onboard a Dutch Cita-to study these and other issues, and involved ground-based
tion research aircraft to study the composition of the atmo- measurements from Finokalia at Crete Island and airborne
sphere over the tropical rain forest in Surinf#6], and the measurements using a Falcon aircraft operated by the DLR
outflow of polluted air from India during Indian Ocean Ex- (Deutsches Zentrum fur Luft und Raumfahrt).
periment INDOEX)7]. A second PTR-MS system was used Two PTR-MS instruments were part of the instrument pay-
during INDOEX onboard the NCAR C-130 aircr{#. More load of the DLR Falcon. One instrument, hereafter referred
recently, a PTR-MS system was used onboard the NCAR to as the Utrecht PTR-MS, was set up to measure a variety of
Electra aircraft in a regional air quality study in the Houston VOCs (methanol, acetonitrile, acetone, benzene and toluene),
area during the 2000 Texas Air Quality Study (TEXAQS) Whereas the other PTR-MS, the Mainz PTR-MS, was used
[9], and onboard a NOAA WP-3 aircraft during the Intercon- at a reduced value of the parameter electric field divided by

tinental Transport and Chemical Transformation experiment gas number densitye(N) in the drift tube for the detection
in 2002 (ITCT2k2)[10]. of peroxyacetyl nitrate (PAN)L9]. The Mainz PTR-MS was

In PTR-MS, only the mass of the product ions is deter- also used to detect methanol, acetonitrile and acetone. Ben-
mined, which is a valuable but certainly not a unique indicator zene and toluene were not measured by this instrument: at the
of the identity of trace gases. It is clear that different isomers reduced value o&/N in this instrument, the ion chemistry in
cannot be separated in this manner. Moreover, the interpretathe drift tube does not permit these species to be ionized ef-
tion of the mass spectra can be complicated by the fragmentaficiently [11]. Results from both instruments have been used
tion of product ions, which may lead to further mass overlap in several papers about the MINOS experim@t-22]

[6]. Itis necessary, therefore, to investigate the possible inter-  As @ consequence of the lowEfN in the Mainz PTR-
ferences inthe measurements, and in general to inter-compar&S, there was a relatively high fraction 08" (H20), clus-

the measurements with alternative techniques. Measurementé€r ions in the drift tube, which undergo proton-transfer and
of benzene and toluene in urban air have been inter-comparedigand switching reactions with VOCs. The question arises
with GC-FID measurements of canister samples and the twoWhether the sensitivity depends on the humidity of the sam-
measurements were found to be in good agreefiéhtThe  Pled air, because this changes theCFi(H20)n cluster ion
results for acetone (3COCHs) and acetonitrile (CEHCN) distribution. Secondly, the gas inlets used for the two sys-
during INDOEX were inter-compared with those obtained tems were different. The inlet for the Mainz PTR-MS was
with an atmospheric-pressure chemical ionization mass spec-eduipped with a heated scrubber to selectively remove PAN
trometer (AP-CIMS) and were also found to agree &jl! from the sample flow by thermal dissociation, and with an
The specificity of the measurements has been investigated bydditional pump to increase the inlet flow. The question is
combining a gas-chromatographic separation of the VOCs addressed whether or not the gas inlet caused a difference
in individual air samples with PTR-MS detection of the col- between the two measurements. Inlet effects could affect the
umn effluent (GC-PTR-MS)12]. GC-PTR-MS analyses of determination of background impurities in the system, which
air samples from urban air and from the free troposphere in- is done in both systems by removing VOCs from the sample
dicated that PTR-MS measurements of several VOCs wereflow with a catalytic converter. Also, the effect of ozone in
free from significant interferencil3,14] Recently, a de-  the sample flow is investigated. The presence of ozone has
tailed inter-comparison between a PTR-MS instrument and Peen implicated in the artificial formation of aldehydes and
several other techniques for VOC measurements was perketoneg23].
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2. Airborne measurement set-up

10033—“ 3
Lindinger et al. have described the PTR-MS technique in j: ety |
detail [3,4], and therefore only a brief description is given ’g? ] o g r
here. lons are produced in a hollow-cathode discharge in = | aaifiz I
water vapor, which forms an intense source @CH ions. o 10 * H,0* =
A water vapor flow of 4-8 STP chmin~! (STP: standard = 63 ° :3?*(H20) :
temperature of 273.15K and pressure of 1 atm) is pumped & : r
through the source. From the source, ions are extracted into = 2 L
the drift tube reactor, in which the proton-transfer reac- = ; M
tions between BO* and the VOCs take place. A flow of 8 3
~15 STP crdmin—1 of ambient air is continuously pumped 5 F

through the drift tube. About 5% of the water flow in the (A) 0 5 10 15 20
source also reaches the drift tube, leading to an increased hu-
midity of the sampled airl1]. The drift tube was operated at
2.3 mbar in the Utrecht PTR-MS instrument and at 2.8 mbar
in the Mainz PTR-MS. A homogeneous, longitudinal elec-

tric field of 66 V cnt ! is applied in the drift tube to prevent :Sj 10

the clustering of HO* and product ions with primarily wa- 5

ter molecules. The sample air and a fraction of the ions exit § ;

the drift tube through an orifice and enter a small interme- g :

diate chamber, which is pumped by a turbo pump (Pfeiffer n » HC

TPD 022). The intermediate chamber separates the pressure S o014 ':ﬁgﬁ“:'zg))

of 2.3/2.8 mbar in the drift tube from the high vacuum in the = . Os s

mass spectrometer chamber {itbar). In the intermediate 5 - 10 = 25
chamber, ions are focused onto the opening of the quadrupole ®) Wailsr g il tg K

mass spectrometer (Balzers QMG422).

The parametd/N, the ratio of the electric field andthe gas  Fig. 1. Distribution of reagent ions in (A) the Utrecht and (B) the Mainz
number density in the drift tube, determines the mean kinetic PTR-MS as a function of the water content of the sampled air. Data were
energy of ions in the drift tube and the degree of clustering te_lken in-flight during MINOS and represent the results from all the research
with (primarily) water molecule§l3]. E/N is expressed in  Mants:
units of Townsend or Td (1 Td =187V cm?). The parame-
terE/Nis weakly dependent on the temperature and the values
reported in this paragraph were calculated for 298 K. During during MINOS is given irFig. 1B. It is clear that in this case
research flights the operating temperature of the instrumentsthe average cluster size is larger. In humid conditions, the
was in most cases significantly higher and, consequently, themost abundant ion is $0*(H2O) and there is also a small
value ofE/Nwas a few percentincreased. In the Utrecht PTR- fraction of HsO*(H,0), ions at mass 55 amu. Apart from the
MS, E/N was approximately 120 Td (at 298 K) and the result- pressure and electric field in the drift tube, the distribution of
ing distribution of the main ions in the drift tube versus the cluster ions as shown iRig. 1is significantly influenced by
ambient mixing ratio of water, measured during the MINOS the potentials applied to the electrostatic lenses in the inter-
flights, is givenirFig. 1A. Itis clear thatin the dry, uppertro-  mediate chamber between the drift tube and the quadrupole
posphere HO™ is the dominant reagent ion in the drift tube, MS. Collision-induced dissociation (CID) in this intermedi-
whereas in the humid conditions near the surface there is aate chamber may causg@*(H,0), ions to be detected as
significant fraction of HO*(H20) ions. Also present are;O H30*(H20)m with m < n [11]. It is possible, therefore, that
ions, possibly formed in the source by back streaming of air, the cluster ion distribution was significantly larger in the drift
or in the drift tube from HO* ions or UV photons from the  tube than shown ifrig. 1
ion source. In the drift tube £ ions react slowly with water It is clear fromFig. 1that the distribution of reagent ions
to form, in the end, HO*, which explains why the fractionof ~ depends on the humidity of the sampled air in both the Utrecht
O,* decreases with the humidity. The presence gf ©@ns and the Mainz PTR-MS. The question arises how to account
in the drift tube is in general not a significant problem. One of for this. The drift tube pressure recommended by lonicon is
the main consequences for the measurements presented he@0 mbar, in which case4®* is the only significant reagent
is the fact that the mass of one of thg'Gsotopes ¥'0°0") ion in the drift tube regardless of the humidity. Under these
coincides with the mass of protonated methanol and, there-circumstances it is possible to calculate the sensitivity with a
fore, forms a background to the measurements, which needggjood accuracy from the proton-transfer rate coefficient, the
to be subtracted. Inthe Mainz PTR-MBN s approximately transit time of the HO* ions in the drift tube, and the differ-

97 Td (at 298 K) and the cluster ion distribution measured ence in detection efficiency between thed{ and the RH
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Pressure Table 1
Catalytic converter controller Background mixing ratios (in ppbv) of methanol, acetonitrile and acetone
in the Utrecht and Mainz PTR-MS instruments measured during flight 6 on
m T August 14, 2001
YN ee .
— \— \— Compound Utrecht Mainz
Nerle Safety valve Topump Methanol 43 41
valve Acetonitrile Q15 014
Acetone 17 18
15 STP cm 8 min™!
(A) to PTR-MS
inlet PTRMS the contrqller is Kept at a constant value.. Ip this way, the
K _ pressure in the drift tube of the PTR-MS is independent of
8/8" Teflontubing 8 Te”"\“iib'”g t!Ij the ambient pressure. The sample flow is exposed to Teflon
'l parts only, which minimizes inlet losses, memory effects and

Az
FAY

the build-up of impurities in the inlet system. The gas inlet
for the Mainz PTR-MS is shown iRig. 2B. Similarly to the
Utrecht PTR-MS, the inlet contained a pressure controller to
maintain the pressure in the inlet, and thus in the drift tube, at
a constant value during the flights. A Teflon needle valve was
used, or could be by-passed, to control the inlet flow and to
make sure that the set-up would work at all altitudes. Apart
from a catalytic converter, the sample flow could be directed
through a scrubber heated to IZDfor the selective removal

of PAN by thermal decomposition.

The measurements of VOCs in ambient air are corrected

B) for the backgrounds in the system. In PTR-MS, methanol,
acetonitrile and acetone are detected at masses 33, 42 and

Fig. 2. Gasinlets used for (A) the Utrechtand (B) the Mainz PTR-MS during 59 @amu, i.e. their respective protonated masses. The back-

MINOS. grounds at these masses are shownaible 1and are influ-
enced by (i) the presence of these compounds in the vacuum
system and gas inlet even when sampling zero air, (ii) im-

product iong3,13]. In principle, itis possible to calculate the  purity ions from the source, for example the*Osotope at

conversion efficiency of sD*(H20), into RH* ions, but this 33amu, and (i) to a lesser extent the dark counts of the

requires many more parameters such as the rate coefficientelectron multiplier. The background levels were determined

of the proton-transfer and ligand switching reactions between by diverting the sample flow through a catalytic converter

H30*(H,0), ions and R, and the relative detection efficien- (seeFig. 2). The converter consists of a stainless steel cham-

cies of the HO*, H30*(H»0) and RH ions. Not all of these  ber with Pt-coated quartz wool (Shimadzu) heated to°850

parameters are accurately known. Moreover, itis possible thatwhich efficiently removes the VOCs from the sample. The

CID in the intermediate chamber leads to the observation of catalytic converter does not remove water vapor from the

smaller BO*(H,0), cluster ions than are actually presentin sample, which is important because the background impuri-

the drift tube[11]. For these reasons, the calculated sensitiv- ties may depend on the humidity of the sampled air. More-

ities are deemed less reliable in this work, and we have usedover, the proton-transfer reactions in the PTR-MS can be

calibrations instead. Calibrations for both instruments were influenced by the humidity.

performed during MINOS using a standard mixture prepared

by Apel and Riemer, and were compared before and after the

mission to other standards. The standard mixture was diluted3. Results and discussion

in dry and wet air to account for the change in the reagention

distribution. The accuracy of the calibrations is estimated to 3.1. Inter-comparison between Utrecht and Mainz

be around 20%.

A schematic diagram of the gas inlet system used for In Fig. 3the results for methanol, acetonitrile and acetone
the Utrecht PTR-MS is shown ifig. 2A. A diaphragm are shown as obtained with the Utrecht and Mainz PTR-MS
pump is used to pump the gas inlet. The inlet pump is the instruments during MINOS flight 6 on August 14, 2001. Dur-
first stage of the three-stage diaphragm pump that is used tang this flight the Falcon took off from Heraklion at Crete,
back the two turbo pumps of the PTR-MS. A pressure con- flew at high altitude towards Greece and made a vertical pro-
troller (Bronkhorst) regulates the inlet flow (approximately file down to the surface several tens of kilometers away from
50-500 STP crimin—1), such that the pressure upstream of Athens. Elevated levels of ozone, CO, NO and yNand

Pan Decomposition
Unit 120°C

Bypass

Z = 2-Way-Valve

@ G =Adjusting Teflon-Valve

Membrane Pump ;

Pressure
Controller
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Fig. 3. Mixing ratios of (A) methanol, (B) acetonitrile and (C) acetone mea- o # offset =-16 pptv |[_
sured using the Utrecht and Mainz PTR-MS during flight 6 on August 14, T T T T T
2001 0 100 200 300 400
’ (B) Mainz acetonitrite (pptv)
| 1 | | 1 1
VOCs were observed in the lowest 3 km of the profile. After 5000 B
that, the Falcon returned towards Crete at high altitude and =
made a similar altitude profile north of Crete. Again, the low- g 00T B
est 3km showed a strong influence of pollution, although the e 5000
levels were somewhat lower than during the first profile. It is 2 7 B
. Q
clear fromFig. 3that the agreement between the results from o — B
Utrecht and Mainz is in general quite good. Almost all of the § _
features are reproduced in the two data sets. _ 5 40004 e L
Fig. 4shows scatter plots of the Utrecht versus the Mainz Slope = 1.05
results. Data from all measurement flights are included. The 04 offset =-200 pptv ||
H I I I I I 1
frequency of the Mainz measurements was somewhat lower 0 1000 2000 3000 4000 5000
and, therefore, the Utrecht data have been interpolated lin- (C) Mainz acetone (pptv)

early on the time basis of the Mainz data. It is clear that the
correlation between the two measurement results is good.Fig. 4. Inter-comparison between the Utrecht and Mainz data from all M-
The linear correlation coefficien[20 is 0.94 and 0.96 in the NOS flights for (A) methanol, (B) acetonitrile and (C) acetor_]e. The solid

. . ines show the results of the ODR analyses and the dashed lines are the 1:1
case of methanol and acetone, respectively. Only in case oflr elationship.
acetonitrile is the correlation coefficient lower (0.71). This
is due to (1) the higher statistical error in the results caused
by the small mixing ratio, and (2) the smaller range of the distance between the data and the fitted line is minimized,
acetonitrile mixing ratios as a result of its long atmospheric whereas in an SLR only the distance in tdirection is
lifetime. To give an idea of the uncertainty in the individual minimized[25]. Thus, in an SLR the two data sets do not
data pointsFig. 4shows for one randomly chosen data point have an equal influence on the outcome of the fit, and hence
the statistical errorKig. 3A) estimated from the raw count the slope and offset depend on the arbitrary choice of which

rates for ambient and background measuremg@4k It is data to treat ag- and which asy-values. If the statistical
clear that the estimated error bar describes the scatter in thescatter in the data is high, such as for the acetonitrile data in
data point reasonably well. Fig. 4B, then the difference between an ODR and an SLR

Also included inFig. 4 are the results of computing an can be significant: in this case an [Utrecht]/[Mainz] ratio of
orthogonal distance regression (ODR) to the data as indicated).72 is obtained from the SLR if the Mainz data are treated
by the solid lines. We prefer to use an ODR instead of a as x-values, whereas the [Utrecht]/[Mainz] ratio is 1.45 if
standard linear regression (SLR): in an ODR the orthogonal the Utrecht data are treated ®asalues, i.e. a difference of
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a factor of 2. From the ODR, the [Utrecht]/[Mainz] ratio Table 2

was determined to be 1.03. In the ODR calculations. all data Results from the inter-comparison between the Utrecht and Mainz data sets
points are taken with equal weights. The precision of a PTR- ‘" methanol, acetonitrile and acetone

MS measurement improves at higher mixing ratios, because #Points  Correlation  Slope  Offset (pptv)

it is limited by Poissonian ion counting statist[d$,24], and Methanol

thus the higher values could carry more weight in the ODR ~ All data , Doz 0.94 116 170
analysis. On the other hand, weighting the higher values more wz:z: 2;2?('52 f?ig g:gi 2:23 _5221
leads to artificial skewing of the ODR fit, because the data o 0ne > 100ppbv 754 0.87 0.85 100
at low mixing ratios are basically ignored. For these reasons, Ascents 451 0.88 123 —437
equal weights are used for the individual data points. Descents 637 0.91 111 -161

It is clear fromFig. 4that the quantitative agreement be-  acetonitrile
tween the Utrecht and Mainz data is good for acetonitrile and  All data 5016 0.71 1.03 -16
acetone, and reasonable in case of methanol. For the firsttwo Water 0-5gkg* 3906 0.43 0.94 —4
compounds the result of the ODR (the solid line) is hard to ~ Water>sgkg® 1110 0.83 090 16
distinguish from the 1:1 relationship (the dashed line). In the Ozone >100ppbv. 753 028 22l 7t

' : Ascents 450 0.55 1.20 —48

case of methanol, the slope from the ODR is 1.16 and Sig- pescents 638 0.73 105 —21
nificantly different from 1. In the following, the remaining Acetone
discrepancies are studied as a function of the humidity and | gata 5018 0.96 1.05 —200
the mixing ratio of ozone in the sampled air. Water 0-5gkg® 3909 0.94 0.89 —-36

Finally, it should be mentioned that the inter-comparison ~ Water>5 gkg* 1109 0.91 1.03 28
was done in an informal fashion: there was interaction be- zé’e”:tgloo ppbv 474%2 00-9925 00525 22230
tween the two groups about the results during the MINOS Descents 637 0.94 103 —210

experiment, and both instruments used the same standard
to calibrate their response. In between the MINOS experi-
ment and the reporting of final data by the Utrecht and Mainz
groups, there was no more interaction, and no further correc-  In the case of acetonitrile, the correlation between the

tions to the data reported here were made. Utrecht and Mainz data is good in wet condition$% 0.83)
and fromFig. 5 the slope seems not significantly different
3.2. Influence of humidity from 1, even though a value of 0.90 is obtained from ODR. In

dry conditions —upper tropospheric air — the range of acetoni-

In Fig. 5the data obtained with the Utrecht and Mainz trile values is small due to its long lifetime in the atmosphere,
PTR-MS instruments are compared for dry conditions andthe scatter-plotis therefore dominated by statistical noise.
(Fig. 5A—C), in which the water vapor content was lower Still, the fit calculated from the ODR agrees reasonably well
than 5gkg?, and for wet conditionsHig. 5D—F), in which ~ with the 1:1 relationship.
it was higher than 5 g kgt. An ODR has been calculated for In the case of acetone, the agreement between the Utrecht
all of these cases, and the results are showfign 5 and and Mainz data is excellent in wet conditions, whereas in
Table 2 FromFig. 1it is clear that the reagent ion distribu-  dry conditions the Mainz data seem to be somewhat reduced
tion is different depending on the humidity of the sampled by a constant factor: the slope calculated from the ODR is
air. Nevertheless, the inter-comparison between the Utrecht0.89. The reason could be a proportional loss of acetone in
and Mainz data is not significantly worse in wet or dry condi- the inlet system of the Utrecht PTR-MS, or an inaccuracy in
tions, which demonstrates that the humidity is properly taken the calibration factors used.
into account.

In the case of methanol, the inter-comparison is excellent 3.3. Influence of ozone
in dry conditions, but less good in wet conditions: the Utrecht
data seem to be somewhat higher than the Mainz data by an The data obtained with the Utrecht and Mainz systems are
average of 291 pptv (sdable 3. Combined with the factthat  inter-compared for conditions in which ozone was higher than
on average the methanol mixing ratio is higher in wet than 100 ppbv and the results are showrfig. 5G—J. The pres-
in dry conditions, this explains why the slope from the inter- ence of ozone has been implicated in the artificial formation
comparison between all the data was slightly higher than 1 of aldehydes and ketones in VOC measurement s¢BR)s
(1.16; seeFig. 4A). The offset of 291 pptv may be due to anditis therefore investigated here. It is clear frieig. 5G-J
an overestimate of the Utrecht data possibly caused by a re-that in high ozone conditions, influenced by stratospheric air,
lease of methanol from the walls of the inlet system, which the agreement between the Utrecht and Mainz data is still
is indeed expected to be more significant in wet conditions. reasonable. In the case of methanol and acetone, the slope
Another reason for the discrepancy could be that the reac-calculated from the ODR is lower than 1, and the difference
tions of HsO*(H20), ions with methanol are not perfectly seems significant frorfrig. 5G—J, in particular in the case
accounted for in the analysis. of acetonefig. 5J). The highest ozone values are correlated
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Fig. 5. Inter-comparison between the Utrecht and Mainz data for methanol (first column), acetonitrile (second column) and acetone (third cidhemn) for
different sub-categories: water vapor content between 0 and S'g(kigst row), water vapor content >5 g kg (second row), ozone mixing ratios >100 ppbv
(third row), data taken during ascents (fourth row) and during descents (fifth row). The solid lines show the results of the ODR analyses and thesdashed |
are the 1:1 relationship.

with the lowest methanol and acetone valueBig 5, and it and the correlation between the Utrecht and Mainz results
is not evident that the artificial formation from wall reactions is poor.

of ozone is a problem. It should be noted that the ozone-rich

air encountered during MINOS was in all cases influenced 3.4. Ascents and descents

by the stratosphere and therefore extremely dry. The prob-

lem for acetone could thus be the same as the one observed The most challenging conditions for VOC measurements
in dry conditions. In the case of acetonitrile, again, the scat- occur during ascents and descents, when the ambient pres-
ter in the correlation plot is dominated by statistical noise sure, temperature and humidity change dramatically on a
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Fig. 6. Inter-comparison between the rates at which the observed mixing
ratios changed with time. (panel A) The results for methanol; (panel B) for
acetonitrile; and (C) for acetone. The solid lines show the results of the ODR
analyses and the dashed lines are the 1:1 relationship.

timescale of minutes. Potential problems include the con-
densation of water vapor (and possibly VOCs) in the inlet,

J. de Gouw et al. / International Journal of Mass Spectrometry 239 (2004) 129-137

3.5. Response time

Memory effects in the inlet system and drift tube can ad-
versely affect the response time of the measurement. Memory
effects are studied here by comparing the rates at which the
measured volume mixing ratios (VMR) changed with time.
The rateAVMR/ At at timet; is defined as:

AVMR _ VMR;+1 — VMR, _1
At ’

where VMR+1 and VMR _1 are defined as the volume mix-
ing ratios measured at timés; andtj_1, respectively. The
ratesAVMR/ At are calculated for all the points in the Utrecht
and Mainz data sets where timigg andt;_; were less than

40 s apart, and are inter-comparedrig. 6. It is clear that in

the case of methanol and acetone there is a good quantitative
agreement between the value\WfMR/ At derived from the
measurements. Evidently, the response times of the two in-
struments were both short enough to resolve variations in the
ambient mixing ratios at time scales shorter than the sampling
frequency of the measurements (around 155s). In the case of
acetonitrile, there is no correlation between théMR/ At
derived from the Utrecht and Mainz dat&d. 6B): the short-

term variation in the data is dominated by statistical noise.

tiy1—ti-1

4, Conclusion

The airborne measurements of methanol, acetonitrile and
acetone with two differently configured PTR-MS instruments
are compared. The correlation between the two data sets is
good for methanol and acetone, and reasonable for acetoni-
trile, which is explained in large part by the statistical noise in
the measurement due to low ion count rates. The quantitative
agreement between the two data sets is excellent for acetone
and acetonitrile, but in the case of methanol the Utrecht data
are consistently higher than the Mainz data, possibly caused
by the release of methanol from the walls of the inlet system
in wet conditions or to reactions of3®*(H,0) cluster ions
with methanol. Despite the small discrepancies, the overall
agreement between the two data sets clearly demonstrates the
viability of atmospheric measurements of methanol, acetoni-
trile and acetone using PTR-MS.
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