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Abstract

A proton transfer reaction mass spectrometer has been developed that couples a readily portable hollow cathode proton transfer reaction c
with a reflectron time of flight detector (PTR-ToF). The instrument is capable of detection of trace gas components as low as 1 ppbv on a timescal
of between 10 and 60 s and with a sensitivity of 3.7 ncps pplvormalised counts per second per parts per billion by volume) for toluene and 28
ncps ppbv! for acetone. The PTR-ToF instrument developed is capable of high mass resolution, high mass ae80@ppi) and multiplexed
spectral acquisition, leading to rapid and selective online analysis of trace components in complex gas mixtures. Attention to the matetrigls chemis
of the system and the reaction conditions in the PTR cell are expected to enable the detection limit of this instrument to be lowered and the sensitivit
enhanced.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction greater than that of gas phase water are readily protonated by
the hydronium ion, with rate constants approaching the colli-
Proton transfer reaction mass spectrometry (PTR-MS) hasional limit. For small molecules, differences in PA are small
been used for almost a decade as a fast online technique foompared to dissociation energies of the protonated ions, so
detection and analysis of trace hydrocarbons in gaseous sameft chemical ionisation occurs with little or no fragmentation.
ples[1-11]. Major applications of the technique are in breathThus, PTR-MS produces a protonated molecule for each gas
analysis and atmospheric chemistry, and detection limits as lophase component that is capable of undergoing protonation.
as a few pptv are routirf{@0,11] The technique relies on chemi- This includes most oxygenated organic molecules and a large
calionisation by gas phase proton transfer to produce protonatedimber of hydrocarbons that possess more than four carbon
molecules with little or no fragmentation, facilitating the anal- atoms. A specific advantage of the technique is that only the
ysis of complex gas mixtures without the need for a separatiotrace components of the air are protonated, the proton affinity of

step in the analytical method. molecular oxygen, carbon dioxide, molecular nitrogen and other
In PTR-MS, proton transfer is usually achieved using gasimain components of air being lower than that of water. Thus,
phase hydronium ion (§0%) as the protonating agent: the technique represents a fast, sensitive and selective method
" n for analysing components of air that are of considerable interest
H3O0" +R — RH" +H20 O 1 atmospheric scientists.
where R is a gas phase analyte. The proton affinity of R, PA(R) Quantification in PTR is possible via knowledge of the pro-
is defined as tonation rate constanfg], which are known for many species
[12,13] However, a failing of the method as both a qualitative
PAR) = —AH (2)  and a quantitative analytical tool lies in the mass spectrometric

for the above reaction, and is simply a measure of the exothed—etecuon techno!ogy. Typ|c§IIy, quadrupole mass spectromet.ers
- . EQMS) are used in PTR-MS; consequently, the mass resolution
micity of the gas phase proton transfer. Molecules with a PA' <.~ . : A
Is limited. This results in a lack of discriminating power between
nominally isobaric materials, that is, between non-isomeric
* Corresponding author. Tel.: +44 1904 434588; fax: +44 1904 432516,  Materials with the same nominal molecular mass. Strategies to

E-mail address: licd@york.ac.uk (L.J. Carpenter). overcome this problem include the use of different protonating
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agents (e.g., Nit) and the alteration of proton transfer collision all length of the tube is around 75 mm and the tube is bounded
energeticg5], though these techniques are not ideal for online-by a 1 mm injection orifice and a 5@0n extraction orifice.
analysis. Recent work to develop an ion trap PTR instrument Within the FDT, proton transfer reactions occur between
has made some progress towards addressing this drafdizdck hydronium ions and protonatable analytes. The total ion yield is
In the ion trap, ion-neutral collisions can be induced to promotgpassed through the FDT extract orifice and directed to the pulse
fragmentation, and multistage tandem MS enables differentissource of the ToF via the transfer optics (TO) in the pressure
tion between isobaric molecules for example methacrolein angtep region. Perpendicular pulse-out of ions is effected in the
methyl vinyl ketong14]. ToF source.

An alternative strategy is to use a time of flight (ToF) mass The ToF consists of an R500 reflectron ion mirror pumped by
spectrometer to analyse the protonated molecules produced &l00 L s turbo with an operating base pressure of 1Gbar.
the proton transfer reaction flow drift tube. ToF mass spectromion detection is by a microchannel plate detector. The system is
etry has the potential to benefit over QMS in this application foroperated by purpose written software operating in a Grams GUI
two reasons. Firstly, the generally higher mass resolving capabienvironment.
ity of the technique can provide elemental composition leading The design of the FDT was informed by ion trajectory mod-
directly to discrimination between nominally isobaric analytes.elling using SIMION[16]. The effect of pressure in the drift
The second advantage is an increased spectral acquisition rdtde was modelled in various ways, including the viscous drag
that is expected to lead to higher sensitivity. model provided with SIMION. Further pressure models were

Recently, the capabilities of PTR-ToF using a radioactiveconstructed using SIMION’s built in programming language,
ionisation source?t!Am, 1.2mCi) have been demonstrated RPN. These included a model to impose a calculated drift veloc-
[15] with linearity of detection in the range 3-53 ppmv giv- ity on the flying ions. The most sophisticated implementation of
ing inferred detection limits in the ppbv range over integrationthis model calculated the ion speed according to the pressure
times of around 1 min. Here we demonstrate PTR-ToF capabilitgnd field gradient:
using a hollow cathode ionisation source with limits of detection ,
below 10 ppbv for integration times of 10-60s. vd = pE (3

whereuyq is the ion drift velocity,u is the ion mobility and®’
2. Experimental is the electric field gradient in the direction of ion travel at the
beginning of each time-step, given by:

The PTR-ToF developed at York comprises an aluminium > o
flow drift tube interfaced to a custom built R500 time of flight E'|= E-V (4)
mass spectrometer (KORE Technologies, Ely, UK) and is shown VI

schematically inFig. 1 The instrument requires a 1x2m in which E and V are the three dimensional electric field and

footprint, weighs~300kg, and has an average power require—lon velocity vectors, respectively. The product is readily handled

ment of 3.4kW. Primary hydronium ions are produced in ausing RPN’s unit vector functions
tungsten hollow cathode interfaced to a short source-drift (SD) Breakdown of the linear proportionality between the drift

tube in which hydronium ion production is maximised by ion- \e1ocity and the reduced field occurs at fields higher than around
neutral reactions with water vapol]. The ions pass forward 14 v/ ¢y Torr (for ions)[17]. In models this breakdown leads
into the flow-drift tube (FDT) which consists of a stack of four to un-realistically large drift velocities at high fields. To avoid

aluminium drift rings with internal diameters of 50 mm and two yis ¢ ondition, drift velocity can be modelled by the parabolic
thinner lensing rings at the top and bottom of the FDT. The Over'relationship[17]'

8\ Y2 [ Eer
SD [] «— HC N e m 5
T =) (5) ®
Air in —>D="='[| ]
0 04— EDT wheree is the electronic charge,y, is the mean free path of
H H Reflectron gas particles ana is the mass of the gas particles. The average
fraction of the ion’s energy transferred during collisi@n,is
TO given by:
2mimz
= —> (6)
(m1+mp)
ToF pulser This parabolic dependence @f on E/p (wherep is the drift
source MCP tube pressure, proportional toak{) |s_apprOX|mater_I|_near at
detector low values ofE/p and prevents unrealistic large velocities occur-
ring at high fields.

Fig. 1. PTR ToF schematic, showing the hollow cathode (HC) ion source, source All the vari models displ th | feat
drift (SD) tube, flow drift tube (FDT), transfer optics (TO) into the ToF pulser € various modeis dispiay theé same general features

source, field free flight tube, reflectron and microchannel plate detector (not téFig_- 2) lons ent_er the drift tube and are subject to so-called
scale). collisional focussing18] as a result of interaction with neutral
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vapour loading of the buffer gas drives the water cluster forma-
tion equilibrium

H3O" 4+ Ho0 = (H20),HT (7)

further to the right hand side, leading to the formation of sig-
nificant levels of hydrated hydronium ions at relatively highly
reduced fields.

A strategy for improving the first generation PTR-ToF would
be to effect a reduction in FDT humidity. This would shift the
cluster ion distribution in the direction of lower reduced field
in Fig. 3. A possible solution is simply to operate at higher
buffer gas pressure, thereby reducing the relative humidity. Fur-
Fig. 2. Calculated path of ions through drift tube, using RPN code to simulatéher improvements resulting from such an increase in operating
effect of high pressure. See text for details. pressure are discussed in SecBad Since back-diffusion of air

dilutes the water vapour in the SD region, hampering the forma-
species. The resultant ion beam is tightly focussed along thgon of hydronium ions from the initially formed 40, a further

A
S

longitudinal axis of the FDT. improvement in performance should be gained by introducing a
venturi inlet at the injection orifice in order to limit the amount
3. Results and discussion of back-diffusion into the SD region.
During operation of the FDT with pcarrier gas (zero grade,
3.1. Distribution of primary ions in the FDT BOC), the hydronium yield is the primary output ion and the

cationic dioxygen signal is weakig. 4). When air (zero grade,

Our first generation PTR-ToF operates with a drift tube presBOC) is used as the buffer gas in the FDT, the amount of
sure of 0.6—1.0 mbar and a 240 V dc potential difference betweelydronium ion falls and that of ionised dioxygen rises. This
injection and extraction orifices. The simple orifice design in thigndicates that significant back diffusion of gas load from the
drift tube leads to relatively high humidity as a result of forward FDT to the ion source occurs. When the buffer gas is nitro-
transport of water from the primary ion source into the drift tube.gen, back-diffusion dilutes the water vapour feed to the hollow
Because of this high humidity, we operate the FDT at relativelycathode and decreases the number density of reactants in the
high values of reduced-fieldZ(N, whereE is the electric field ~SD. Both of these effects are deleterious with regard to abso-
across the FDT and is the gas number density). A plot of the lute hydronium ion yields. However, the situation is worse still
distribution of primary protonating ions as a function of reducedwhen the buffer gas is air (containing oxygen). In this case, oxy-
field (Fig. 3) reveals that the hydronium ion essentially domi- gen entering the hollow cathode is ionised in competition with
nates the ion source output at reduced field values in excess water vapour. For a given current density in the hollow cath-
120 Td (where 1 Td =1 Townsend =19V cm?). ode plasma, dioxygen ions compete as charge carriers with ions

High reduced-field values lead to collision induced frag_del’ived from water vapour. This significantly reduces the yield
mentation of secondary ions in PTR-MS. Therefore, furtherof hydroniumions from the high-density hollow cathode plasma.
reductions in reduced field are required in order to suppresgeduction of back-diffusion of carrier gas by installation of a
fragmentation and make available the full utility of the PTR-venturiinletis, therefore, expected to increase the sensitivity of
ToF technique. The distribution of primary protonating ions in PTR-ToF by limiting the dilution of species in the SD region and
the drift tube is a function of both reduced field and relative
humidity of the buffer gas. In our instrument, the high water 100
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Fig. 4. Relative distribution of @ and HO" ions as a function of buffer gas

Fig. 3. PTR-ToF primary protonating ion distribution as a function of reducedidentity. Solid line represents3®* relative abundance; broken line represents
field. O," relative abundance.



C.J. Ennis et al. / International Journal of Mass Spectrometry 247 (2005) 72-80 75

H;O*
19

2

[77]

c . +

2 02 (H20)H2

£ 32 37

o

8

[7}

o

10 20 30 40 5 60 70 80 90 100 110

(a) m/z

(Ha0)H*
37

2
2
]
£
‘g 42
-
I
7]
@<

25 35 45 55 65

(HeQ)oH"
37

&4‘
32

”3‘15 /

25 35 45 55 65 75 85 95

42

Relative intensity

105

G
R

75 85 95 105

(©

m/z

Fig. 5. PTR-ToF spectrum obtained using nitrogen from the headspace of liquid nitrogen as the working fluid in the PTR: (a) shows the full scag, thisplayi
strong signal from hydronium ion; (b) shows the N@,* and (H:O),H* ions produced in the PTR-ToF experiment; (c) shows a magnified view of the mass
spectrum above/z = 30 to display the features in the background of the instrument.

by maintaining a high hydronium precursor charge carriers irof hydronium (HO),H*. Them/z = 37 peak is below 3% of the

the HC.
3.2. PTR-ToF analysis of air and standard gas mixtures

A typical PTR-ToF spectrumFjg. 5a)), obtained with the
drift tube operating at around 8@®ar and 240 V with nitrogen

intensity of the hydronium ion signal at mass 19.

Fig. 6(b) shows a close-up of the mass spectrurhiq 6(a),
from m/z =36 upwards. The hydrated hydronium ion signal at
mlz =37 is truncated in order to bring all less intense spectral
features on scale. There is a relatively intense peakzt 46,
with about 10% the intensity of the mass 37 hydrated hydro-

from the headspace of liquid nitrogen as the buffer gas, showsrium ion peak. This corresponds to the §Gon, formed from
strong signal at/z = 19, corresponding to hydronium ion. Other reaction of Q* with N,. Several other peaks are present, with

signals are present at/z=30, 32, 37 Fig. 5b)) due to NO,
0,*, and (HO),H". The weak signal at/z=42 is a system

considerably less intensity than the WGon—no signal occurs
in the mass spectrum above 37 Th with an intensity greater than

contaminant, possibly protonated acetonitrile from o-ring mated0% of them/z = 46 signal. Aboven/z = 62 the spectrum exhibits
rials on gas handling systentsig. 5(c), in which the peaks at no detectable signals.
mlz=30, 32 and 37 have been truncated to bring the baseline Fig. 6(c) shows an expanded view of the 38—65 Th range of

noise on scale, demonstrates that no other ions atfwe 30
are present in the spectrum.

A typical PTR-ToF spectrumHig. 6(@)) obtained with the
drift tube operating at around 8@®ar and 240V with labo-
ratory air as the buffer gas shows a strong signah/at= 19,

this spectrum. The signal ai/z=46 is truncated in order to
bring all the features more clearly on scale. The intense peak at
39This a due to the (##80)(H,0)H" isotopomer of hydrated
hydronium. Along with this peak, three other peaks in this spec-
trum can be readily attributed to ionised clusterd; =48 is

corresponding to kO*. However, the base peak in this spec-due to the adduct NOH,O andm/z =50 is due to @"-H20.
trum is due to G*, atm/z =32, of which the hydronium peakis The small peak ati/z=62 is the smallest signal in the spec-
around 80%. Also present in this spectrum are peaks at 30 Tityum and is due to the electrophilic adduct NO». The other
corresponding to NQ and 37 Th, representing the first hydrate peaks irFig. 6(c) are due to chemically ionised species resulting
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Fig. 6. PTR-ToF mass spectrum of the output of the FDT with air as the buffer gas: (a) shows the full scan, showing strong signals from hydroniwgéon, diox
ion, and protonated water dimer; (b) shows a magnified view of the mass spectrum above 36 Th; (c) shows a magnified view of the mass spectmizdgdween
and 65 displaying signals due to cluster formation and to protonation of airborne analytes.

from proton transfer reactions in the drift tube. Of these, the twal4 was 44.0476 Th, which is much closer to the mass of
of highest mass are most readily identified: 59 Th correspondgCH3CO]H" (44.0526 Th) than to C§(44.0095), indicating

to (C3HgO)H", most likely due to acetone or propanal; 47 Ththat [CH;CO]H" is likely to be responsible for this peak. The
corresponds to (§HgO)H*, and is most likely due to ethanol peak atn/z =43 is also attributable to a CID process of the pro-
(but see below the discussion of this mass in the spectrum dbnated acetone precurdadg:

OVOC standards in nitrogen). The other peaks in the spectrum

(mlz=42, 43, and 44) are more challenging to assign. Starting(CH3)2COJHT +M

with the most intense of these three iongz =44, it is clear T +

that this may simply represent GOionised in the hollow cath- = [(CH3)2COH™ — [CH2COJH™ + CHq

ode via.back—diffusion of air, or by charge_transfer frorgﬂjl The peak atn/z=42 may be the product of protonation of
formed in the hollow cathode and present in the SD region. Forécetonitrile (PA=779kJ moh).

, + L
mation of CQ" by charge transfer from £ is disfavoured by The full PTR-ToF spectrum of a commercial gas standard

the relatively high_first @onisati_on_ energy of carbon mon_o?(ide'containing 50 ppbv of acetone and acetaldehyde in nitrogen
Afurther p_035|b_le_|dent|ty of this ion is the product of collision- ig. 7) shows signals at 19 Th (the base peak), 18 THQH,
mdgced dissociation of protonated acetone by loss of a meth nd small signals due to the protonated water dimer at 37 Th,
radical: cationic dioxygen at 32 Th, and cationic nitric oxide at 30 Th.
The last two ions are of a much-reduced intensity compared with
[(CH3)2COIH" +M the PTR-ToF spectrum of ambient air, supporting the assignment
— [(CH3)2COJH™ — [CH3COJH' + CH3* of these masses to the ions stated.
Protonation of acetone and acetaldehyde gives rise to ions at
This transition is observed in collision-induced dissocia-59 and 45 Th, respectivelizig. 8). Notably, the signal at/z = 46
tion of protonated acetone in tandem mass spectronit®ly  in Fig. 6(b) is almost entirely absent frofig. 8, supporting the
The accurate mass measurement (see Se@idnfor m/z;  assignment of this ion to N§. Other notable absences are the
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This rearrangement of protonated acetone to protonated
ethene is supported by the observation of an ion at mass 29
in the PTR-ToF spectra. Both of the fragmentation processes of

%‘ protonated acetone shown above, leading to the formation of pro-
S tonated ketene and protonated ethene, are observed in collision-
£ induced dissociation of protonated acetone in tanden29%
_:'_;-f The peak at mass 43 is also attributable to a CID process of
ﬁ the protonated acetone precurfig]:
[(CH3)2CO]H+ +M
0 20 30 40 50 60 70 B0 90 100 110 120 — [(CH3)2COJH™™* — [CH,CO]HT + CHy (13)

me The peak at mass 42 may be the product of protonation of
Fig. 7. PTR-ToF mass spectrum of commercial gas standard containing 50 ppycetonitrile (PA=779kJ moll).
acetone and acetaldehyde in nitrogen. This plethora of fragmentation and clustering reactions rep-

resents a complicating factor in the analysis of PTR-ToF spectra

electrophilic adduct ions NOH,0 (48 Th), @*-H,O (50 Th)  that needs to be overcome in order to render the instrument capa-
and NO' -0, (62 Th), consistent with the absence of oxygen, ancble of analysis of complex atmospheric mixtures on a realistic
further supporting the assignments of these ions. Along with thémescale. Fragmentation is due to high-reduced fields, and the
peak at 59 Th due to protonated acetone, and that at 45 Th duereduction of reduced field is of paramount importance in the
protonated acetaldehyde, there is a strong signal at mass 44. Teenstruction of PTR-ToF spectromet§t$)].
absence of air from the drift tube further supports the assignment
of this peak to the [CEICO]H* ion formed by collision-induced 3.3. Sensitivity of PTR-ToF
dissociation of protonated acetone discussed above.

Notably, there is peak in the PTR-ToF spectrum of OVOC/ The response of the PTR-ToF to standard gas concentrations
nitrogen standard at mass 61, which is the mass of protonatexf acetone and acetaldehyde in nitrogen is showfign 9. An
propanol. However, the absence of propanol from the standaiichmediate and reversible response is observed for both com-
and from the PTR-ToF spectrum of pure nitrogen (demonstratpounds.
ing system cleanliness with respect to propanol) leads to the The concentration of analyte molecules in the gas phase can
assignment of this mass to a protonated ketene monohydrabe calculated from the PTR-ToF response via the equation:
species [HC=C=0]H*-H,0:

Tare _ X KLN® X R (14)
[(CH3)2COJH +M — [H2C=C=OJH" + CHy ©)  Inor N poNoE
[H2C=C=O]H" + H,0 — [H2C=C=O]H*-H,0 (10) wherepr is the volume mixing ratio of analyte R in parts per bil-

lion by volume (ppbv) an®; is a response correction factor. At
The signal at 47 Th may be due to ethanol, but this is unlikelythe high, but constant reduced field in our FDT, this response fac-
given the nature of the standard. An alternative explanation itor takes into account the fragmentation of protonated analytes.

the series of reactions: This correction factor can be evaluated from standard concen-
trations and is shown to be 1.47 for acetaldehyde and 2.79 for
[(CH3)2COJHT +M — [CoH4]HT +H,CO (11)  acetone in our PTR-ToF instrument under the present operat-
4 4 ing conditions. The evaluated volume mixing ratios for the two
[CoHa]H™ +H20 — [CoH4]H™-H20 (12)  standard compounds are:
59 e acetaldehyde VMR =56 1.8 ppbv;
45 e acetone VMR =5@& 2.0 ppbv.

The main source of error in these data arises from the uncer-
tainty of the rate constants used for calculating the concentra-
tions of the specific analytes. In the light of the collision-induced
fragmentations discussed in the previous section, it is not sur-
prising that the acetone concentration is somewhat lower than
that calculated assuming quantitative production of the proto-
nated molecule.

' i ) " " : Calibration graphs for the PTR-ToF response to acetone and
38 43 48 53 58 63 toluene are shown ifig. 10 These data were obtained in the
m/z . . . .
case of acetone by using a standard gas mixture diluted with zero
Fig. 8. Magnified view of PTR-ToF spectrum of OVOC standards in nitrogen. grade nitrogen online using mass flow control. The toluene data

47

Relative intensity
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Fig. 9. PTR-ToF response to standard concentrations of (a) acetaldehyde and (b) acetone in nitrogen. Volume mixing ratios are calculated iastide $exibe

was obtained using a permeation device. The errors expressedwherek is the proton transfer reaction rate constdnts the

the graph are:S.E.M. Sensitivities for the two represented con-drift tube length,uo andNg are the reduced mobility and STP

centration ranges are 28 ncps ppbior acetone below 50 ppbv gas number density respectivelyandE are the drift tube gas

and 3.7 ncps ppbV* for toluene between 150 and 1000 ppbv, number density and electric field. The above equation can be

where ncps means normalised (to® Idbunts of hydronium) recast as:

counts per second. The differences in sensitivities for the two

molecules may arise from different transport properties througRensitivityoc L x —— X

the mass spectrometer. (E/N)
The sensitivity of the instrument can be calculated from th

above data according to the expresd@0i:

(16)

Srom which it can be seen that sensitivity in PTR increases lin-
early with electric field and decreases with the square of the
5 reduced field. Hence, a decrease in reduced field, combined with
sensitivity= 103 x kL X N (15)  anincrease intotal FDT potential difference leads to an increase
moNo  E in sensitivity.
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1000 strates the potential of TOF MS for speciation of analytes in PTR
MS.
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Fig. 10. PTR TOF calibration curves for (a) acetone; (b) toluene.
We have demonstrated the operation of our first generation
hollow cathode PTR-ToF mass spectrometer. The instrument is
3.4. Resolution of nominal isobars capable of detection of a few ppbv of gaseous analyte on the
order of a few seconds, with a sensitivity at this volume mixing
A significant advantage of ToF technology in tandem withratio approaching 30 ncps ppbVfor acetone. The instrument
PTR chemical ionisationis the ability of the mass filter to achieveresponse is linear over concentration ranges of important atmo-
high mass resolution compared to the commercially availablepheric trace gases. Use of a time-of-flight mass spectrometer,
PTR quadrupole analysers. Nominally isobaric molecules posether than quadrupole-MS, has offered the expected advantages
a difficulty in quantifying individual species in atmospheric including far superior mass resolution and multichannel data
analysis by conventional PTR. The quadrupole mass analysacquisition, allowing the capture of the complete mass spectrum
identifies allnominally isobaric ions as the same mass, and henawer short timescales. These characteristics offer distinct advan-
reports potentially misleading mixing ratios if the presence oftages in the analysis of complex mixtures when compared to
only a single species is assumed. This problem is exacerbateddibmmercially available PTR-quadrupole-MS instrumentation.
the relative concentrations of the nominal isobars are changingnlike a similar PTR-ToF designed for field operatifib],
rapidly. Mass resolution of nominal isobaric species solves thisur instrument also has the advantage that it operates with-
problem for non-isomeric isobaric species. out a radioactive ionisation source. At present, our sensitivity is
The mass accuracy of the PTR-ToF, as determined from siapproximately 5- to 10-fold less than the commercially available
calibrated accurate mass measurements from 19 to 51 Th, BTR-quadrupole-MS, however in this paper we have identified
264+ 170 ppm. Mass calibration is achieved by interpolationaspects of design modification which are expected to lead to
from a graph of measured masses versus their known accuragahanced performance. Installation of a venturi inlet on the ion
massesK? values better than 0.98). The mass reproducibilityinjection orifice of the FDT is expected to lead to a favourable
(as measured from 10 consecutive 1 min integrations) is <0.1%lecrease in reduced field by allowing the operation of the drift
PTR-ToF spectra of ethanol (bottom tracemid. 11) and of  tube at higher pressures and higher operating voltages. Reduc-
a mixture of ethanol and methanoic acid (top trac&ign 11)  tion in reduced field is important in the present case due to the
were obtained using a permeation oven with nitrogen buffer gasigh population of fragmentation pathways which leads to com-
Mixing ratios of the two compounds are in the sub-ppmv rangeplication of the mass spectrum of complex mixtures of analytes,
Masses of protonated ethanol and protonated methanoic acid axad essentially reduces the sensitivity of the instrument by atten-
47.04969 and 47.01330 Da, respectively, requiring a resolutionating protonated molecule intensities.
of 1290 ppm to distinguish between these two nominal isobars. Further potential advantages arising form the installation of
Estimated FWHM for the peaks in the figure are 0.02 Th, and the venturi orifice are an increased hydronium yield, an increased
measured separation of 0.023 Th (64% of the expected 0.038gnsitivity, and a decrease in clustering (due to adjustment of the
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water vapour/hydronium dynamic equilibrium). The increase in [5] W. Lindinger, A. Hansel, A. Jordan, Int. J. Mass. Spectrom. lon Proc.
hydronium yield when the instrument is operating with air as 173 (1998) 191. _ _ _ _
the buffer gas arises from the limiting of back diffusion of buffer [ ié"(‘é‘é’é"é‘)‘rdl'sii\" Hewitt, J.H. Sartin, S.M. Owen, Environ. Sci. Technol.
into the ion source, where dioxygen competes with water as ;1 ¢ N Hewit,, S. Hayward, A. Tani, J. Environ. Monit. 5 (2003) 1.
charge carrier in the hollow cathode plasma. Increased sensitivig] A. Tani, S. Hayward, C.N. Hewitt, Int. J. Mass Spectrom. 223-224
ity arises from the potential to increase the drift tube pressure (2003) 561.
while maintaining constant a reduced field, the sensitivity bein%[9] A. Hansel, T. Mark (Eds.), Int. J. Mass Spectrom. 239 (2004) 77.
directly proportional to pressure at constafY as shown in Eq. 10] First Ir?ternatlonal Conference on PTR MS and its applicatidrig://
. ip . www.uibk.ac.at/c/c7/c722/Tagungen/PTRMSO03/proceedirgsed. pdf

(16)' Also, attentlo_n to O”fl_ce g_eo_metry IS e_xpected t‘? lead to[11] Second International Conference on PTR MS and its applicatidts//
further decreases in detection limit through increased ion trans- ~ yyw.ptrms.com/publications/carnd conference. pdf
port through the FDT and into the ToF mass spectrometer.  [12] VY. Ikezoe, S. Matsuoka, A. Viggiano, Gas Phase lon-Molecule Reaction

These madifications are intended to constitute the second Rate Constants Through 1986, Maruzen Company Ltd., Tokyo, 1987.
generation PTR-ToF, which we expect to yield higher sensitiv[13] J- Zhao, R. Zhang, Atmos. Environ. 38 (2004) 2177. _
e L . . . [14] P. Prazeller, P.T. Palmer, E. Boscani, T. Jobson, M. Alexander, Rapid
ities and lower Ilmlts_ of detecjuon, leading to a portable |n§tru- Commun. Mass Spectrom. 17 (2003) 1593.
ment capable of rapid analysis of ultra trace components in thgs) r.s. Blake, C. Whyte, C.O. Hughes, A.M. Ellis, P.S. Monks, Anal.
gas phase with high mass resolution. Chem. 76 (2004) 3841.
[16] D.A. Dahl, Int. J. Mass Spectrom. 200 (2000) 3.
[17] A.M. Howatson, An Introduction to Gas Discharges, 2nd ed., Pergamon,

1976.
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