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A hollow cathode proton transfer reaction time of flight mass spectrometer
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Abstract

A proton transfer reaction mass spectrometer has been developed that couples a readily portable hollow cathode proton transfer reaction cell
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 timescale
of between 10 and 60 s and with a sensitivity of 3.7 ncps ppbv−1 (normalised counts per second per parts per billion by volume) for toluene and 28
ncps ppbv−1 for acetone. The PTR-ToF instrument developed is capable of high mass resolution, high mass accuracy (∼300 ppm) and multiplexed
spectral acquisition, leading to rapid and selective online analysis of trace components in complex gas mixtures. Attention to the materials chemistry
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 sensitivity
enhanced.
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. Introduction

Proton transfer reaction mass spectrometry (PTR-MS) has
een used for almost a decade as a fast online technique for
etection and analysis of trace hydrocarbons in gaseous sam-
les[1–11]. Major applications of the technique are in breath
nalysis and atmospheric chemistry, and detection limits as low
s a few pptv are routine[10,11]. The technique relies on chemi-
al ionisation by gas phase proton transfer to produce protonated
olecules with little or no fragmentation, facilitating the anal-

sis of complex gas mixtures without the need for a separation
tep in the analytical method.

In PTR-MS, proton transfer is usually achieved using gas-
hase hydronium ion (H3O+) as the protonating agent:

3O+ + R → RH+ + H2O (1)

here R is a gas phase analyte. The proton affinity of R, PA(R)
s defined as

A(R) = −�H (2)

or the above reaction, and is simply a measure of the exother-

greater than that of gas phase water are readily protonat
the hydronium ion, with rate constants approaching the c
sional limit. For small molecules, differences in PA are sm
compared to dissociation energies of the protonated ion
soft chemical ionisation occurs with little or no fragmentat
Thus, PTR-MS produces a protonated molecule for each
phase component that is capable of undergoing proton
This includes most oxygenated organic molecules and a
number of hydrocarbons that possess more than four c
atoms. A specific advantage of the technique is that onl
trace components of the air are protonated, the proton affin
molecular oxygen, carbon dioxide, molecular nitrogen and o
main components of air being lower than that of water. T
the technique represents a fast, sensitive and selective m
for analysing components of air that are of considerable int
to atmospheric scientists.

Quantification in PTR is possible via knowledge of the p
tonation rate constants[1], which are known for many speci
[12,13]. However, a failing of the method as both a qualita
and a quantitative analytical tool lies in the mass spectrom
detection technology. Typically, quadrupole mass spectrom
icity of the gas phase proton transfer. Molecules with a PA
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(QMS) are used in PTR-MS; consequently, the mass resolution
is limited. This results in a lack of discriminating power between
nominally isobaric materials, that is, between non-isomeric
materials with the same nominal molecular mass. Strategies to
overcome this problem include the use of different protonating
387-3806/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
oi:10.1016/j.ijms.2005.09.008
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agents (e.g., NH4+) and the alteration of proton transfer collision
energetics[5], though these techniques are not ideal for online-
analysis. Recent work to develop an ion trap PTR instrument
has made some progress towards addressing this drawback[14].
In the ion trap, ion-neutral collisions can be induced to promote
fragmentation, and multistage tandem MS enables differentia-
tion between isobaric molecules for example methacrolein and
methyl vinyl ketone[14].

An alternative strategy is to use a time of flight (ToF) mass
spectrometer to analyse the protonated molecules produced in
the proton transfer reaction flow drift tube. ToF mass spectrom-
etry has the potential to benefit over QMS in this application for
two reasons. Firstly, the generally higher mass resolving capabil-
ity of the technique can provide elemental composition leading
directly to discrimination between nominally isobaric analytes.
The second advantage is an increased spectral acquisition rate
that is expected to lead to higher sensitivity.

Recently, the capabilities of PTR-ToF using a radioactive
ionisation source (241Am, 1.2 mCi) have been demonstrated
[15] with linearity of detection in the range 3–53 ppmv giv-
ing inferred detection limits in the ppbv range over integration
times of around 1 min. Here we demonstrate PTR-ToF capability
using a hollow cathode ionisation source with limits of detection
below 10 ppbv for integration times of 10–60 s.
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all length of the tube is around 75 mm and the tube is bounded
by a 1 mm injection orifice and a 500�m extraction orifice.

Within the FDT, proton transfer reactions occur between
hydronium ions and protonatable analytes. The total ion yield is
passed through the FDT extract orifice and directed to the pulse
source of the ToF via the transfer optics (TO) in the pressure
step region. Perpendicular pulse-out of ions is effected in the
ToF source.

The ToF consists of an R500 reflectron ion mirror pumped by
a 100 L s−1 turbo with an operating base pressure of 10−7 mbar.
Ion detection is by a microchannel plate detector. The system is
operated by purpose written software operating in a Grams GUI
environment.

The design of the FDT was informed by ion trajectory mod-
elling using SIMION[16]. The effect of pressure in the drift
tube was modelled in various ways, including the viscous drag
model provided with SIMION. Further pressure models were
constructed using SIMION’s built in programming language,
RPN. These included a model to impose a calculated drift veloc-
ity on the flying ions. The most sophisticated implementation of
this model calculated the ion speed according to the pressure
and field gradient:

vd = µE′ (3)

wherevd is the ion drift velocity,µ is the ion mobility andE′
i the
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. Experimental

The PTR-ToF developed at York comprises an alumin
ow drift tube interfaced to a custom built R500 time of flig
ass spectrometer (KORE Technologies, Ely, UK) and is sh

chematically inFig. 1. The instrument requires a 1 m× 2 m
ootprint, weighs∼300 kg, and has an average power requ
ent of 3.4 kW. Primary hydronium ions are produced

ungsten hollow cathode interfaced to a short source-drift
ube in which hydronium ion production is maximised by i
eutral reactions with water vapour[1]. The ions pass forwa

nto the flow-drift tube (FDT) which consists of a stack of fo
luminium drift rings with internal diameters of 50 mm and t

hinner lensing rings at the top and bottom of the FDT. The o

ig. 1. PTR ToF schematic, showing the hollow cathode (HC) ion source, s
rift (SD) tube, flow drift tube (FDT), transfer optics (TO) into the ToF pu
ource, field free flight tube, reflectron and microchannel plate detector (
cale).
)

s the electric field gradient in the direction of ion travel at
eginning of each time-step, given by:

E′∣∣ =
�E · �V
|V | (4)

n which �E and �V are the three dimensional electric field a
on velocity vectors, respectively. The product is readily han
sing RPN’s unit vector functions.

Breakdown of the linear proportionality between the d
elocity and the reduced field occurs at fields higher than ar
0 V cm−1 Torr (for ions)[17]. In models this breakdown lea

o un-realistically large drift velocities at high fields. To av
his condition, drift velocity can be modelled by the parab
elationship[17]:

d =
(

δ

2

)1/2 (
Eeλm

m

)
(5)

heree is the electronic charge,λm is the mean free path
as particles andm is the mass of the gas particles. The ave
raction of the ion’s energy transferred during collision,δ, is
iven by:

= 2m1m2

(m1 + m2)2
(6)

This parabolic dependence ofvd on E/p (wherep is the drift
ube pressure, proportional to 1/λm) is approximately linear a
ow values ofE/p and prevents unrealistic large velocities oc
ing at high fields.

All the various models display the same general feat
Fig. 2). Ions enter the drift tube and are subject to so-ca
ollisional focussing[18] as a result of interaction with neut
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Fig. 2. Calculated path of ions through drift tube, using RPN code to simulate
effect of high pressure. See text for details.

species. The resultant ion beam is tightly focussed along the
longitudinal axis of the FDT.

3. Results and discussion

3.1. Distribution of primary ions in the FDT

Our first generation PTR-ToF operates with a drift tube pres-
sure of 0.6–1.0 mbar and a 240 V dc potential difference between
injection and extraction orifices. The simple orifice design in this
drift tube leads to relatively high humidity as a result of forward
transport of water from the primary ion source into the drift tube.
Because of this high humidity, we operate the FDT at relatively
high values of reduced-field (E/N, whereE is the electric field
across the FDT andN is the gas number density). A plot of the
distribution of primary protonating ions as a function of reduced
field (Fig. 3) reveals that the hydronium ion essentially domi-
nates the ion source output at reduced field values in excess
120 Td (where 1 Td = 1 Townsend = 10−17 V cm2).

High reduced-field values lead to collision induced frag-
mentation of secondary ions in PTR-MS. Therefore, further
reductions in reduced field are required in order to suppres
fragmentation and make available the full utility of the PTR-
ToF technique. The distribution of primary protonating ions in
the drift tube is a function of both reduced field and relative
h ater

F uced
fi

vapour loading of the buffer gas drives the water cluster forma-
tion equilibrium

H3O+ + H2O � (H2O)2H+ (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-
ther improvements resulting from such an increase in operating
pressure are discussed in Section3.3. Since back-diffusion of air
dilutes the water vapour in the SD region, hampering the forma-
tion of hydronium ions from the initially formed H2O+, a further
improvement in performance should be gained by introducing a
venturi inlet at the injection orifice in order to limit the amount
of back-diffusion into the SD region.

During operation of the FDT with N2 carrier gas (zero grade,
BOC), the hydronium yield is the primary output ion and the
cationic dioxygen signal is weak (Fig. 4). When air (zero grade,
BOC) is used as the buffer gas in the FDT, the amount of
hydronium ion falls and that of ionised dioxygen rises. This
indicates that significant back diffusion of gas load from the
F itro-
g llow
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umidity of the buffer gas. In our instrument, the high w

ig. 3. PTR-ToF primary protonating ion distribution as a function of red
eld.
of

s

DT to the ion source occurs. When the buffer gas is n
en, back-diffusion dilutes the water vapour feed to the ho
athode and decreases the number density of reactants
D. Both of these effects are deleterious with regard to a

ute hydronium ion yields. However, the situation is worse
hen the buffer gas is air (containing oxygen). In this case,
en entering the hollow cathode is ionised in competition
ater vapour. For a given current density in the hollow c
de plasma, dioxygen ions compete as charge carriers wit
erived from water vapour. This significantly reduces the y
f hydronium ions from the high-density hollow cathode plas
eduction of back-diffusion of carrier gas by installation o
enturi inlet is, therefore, expected to increase the sensitiv
TR-ToF by limiting the dilution of species in the SD region

ig. 4. Relative distribution of O2+and H3O+ ions as a function of buffer ga
dentity. Solid line represents H3O+ relative abundance; broken line represe

2
+ relative abundance.



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

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 scan, displaying the
strong signal from hydronium ion; (b) shows the NO+, O2

+ and (H2O)2H+ ions produced in the PTR-ToF experiment; (c) shows a magnified view of the mass
spectrum abovem/z = 30 to display the features in the background of the instrument.

by maintaining a high hydronium precursor charge carriers in
the HC.

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

A typical PTR-ToF spectrum (Fig. 5(a)), obtained with the
drift tube operating at around 800�bar and 240 V with nitrogen
from the headspace of liquid nitrogen as the buffer gas, shows a
strong signal atm/z = 19, corresponding to hydronium ion. Other
signals are present atm/z = 30, 32, 37 (Fig. 5(b)) due to NO+,
O2

+, and (H2O)2H+. The weak signal atm/z = 42 is a system
contaminant, possibly protonated acetonitrile from o-ring mate-
rials on gas handling systems.Fig. 5(c), in which the peaks at
m/z = 30, 32 and 37 have been truncated to bring the baseline
noise on scale, demonstrates that no other ions abovem/z = 30
are present in the spectrum.

A typical PTR-ToF spectrum (Fig. 6(a)) obtained with the
drift tube operating at around 800�bar and 240 V with labo-
ratory air as the buffer gas shows a strong signal atm/z = 19,
corresponding to H3O+. However, the base peak in this spec-
trum is due to O2+, atm/z = 32, of which the hydronium peak is
around 80%. Also present in this spectrum are peaks at 30 Th,
corresponding to NO+, and 37 Th, representing the first hydrate

of hydronium (H2O)2H+. Them/z = 37 peak is below 3% of the
intensity of the hydronium ion signal at mass 19.

Fig. 6(b) shows a close-up of the mass spectrum inFig. 6(a),
from m/z = 36 upwards. The hydrated hydronium ion signal at
m/z = 37 is truncated in order to bring all less intense spectral
features on scale. There is a relatively intense peak atm/z = 46,
with about 10% the intensity of the mass 37 hydrated hydro-
nium ion peak. This corresponds to the NO2

+ ion, formed from
reaction of O2

+ with N2. Several other peaks are present, with
considerably less intensity than the NO2

+ ion—no signal occurs
in the mass spectrum above 37 Th with an intensity greater than
10% of them/z = 46 signal. Abovem/z = 62 the spectrum exhibits
no detectable signals.

Fig. 6(c) shows an expanded view of the 38–65 Th range of
this spectrum. The signal atm/z = 46 is truncated in order to
bring all the features more clearly on scale. The intense peak at
39 Th is a due to the (H218O)(H2O)H+ isotopomer of hydrated
hydronium. Along with this peak, three other peaks in this spec-
trum can be readily attributed to ionised clusters:m/z = 48 is
due to the adduct NO+·H2O andm/z = 50 is due to O2+·H2O.
The small peak atm/z = 62 is the smallest signal in the spec-
trum and is due to the electrophilic adduct NO+·O2. The other
peaks inFig. 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 hydronium ion, dioxygen
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 spectrum betweenm/z = 38
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 two
of highest mass are most readily identified: 59 Th corresponds
to (C3H6O)H+, most likely due to acetone or propanal; 47 Th
corresponds to (C2H6O)H+, and is most likely due to ethanol
(but see below the discussion of this mass in the spectrum of
OVOC standards in nitrogen). The other peaks in the spectrum
(m/z = 42, 43, and 44) are more challenging to assign. Starting
with the most intense of these three ions,m/z = 44, it is clear
that this may simply represent CO2

+ ionised in the hollow cath-
ode via back-diffusion of air, or by charge transfer from H2O+

formed in the hollow cathode and present in the SD region. For-
mation of CO2

+ by charge transfer from O2+ is disfavoured by
the relatively high first ionisation energy of carbon monoxide.
A further possible identity of this ion is the product of collision-
induced dissociation of protonated acetone by loss of a methyl
radical:

[(CH3)2CO]H+ + M

→ [(CH3)2CO]H+∗ → [CH3CO]H+ + CH3
•

This transition is observed in collision-induced dissocia-
tion of protonated acetone in tandem mass spectrometry[19].
The accurate mass measurement (see Section3.4) for m/z

44 was 44.0476 Th, which is much closer to the mass of
[CH3CO]H+ (44.0526 Th) than to CO2+(44.0095), indicating
that [CH3CO]H+ is likely to be responsible for this peak. The
peak atm/z = 43 is also attributable to a CID process of the pro-
tonated acetone precursor[19]:

[(CH3)2CO]H+ + M

→ [(CH3)2CO]H+∗ → [CH2CO]H+ + CH4

The peak atm/z = 42 may be the product of protonation of
acetonitrile (PA = 779 kJ mol−1).

The full PTR-ToF spectrum of a commercial gas standard
containing 50 ppbv of acetone and acetaldehyde in nitrogen
(Fig. 7) shows signals at 19 Th (the base peak), 18 Th (H2O+),
and small signals due to the protonated water dimer at 37 Th,
cationic dioxygen at 32 Th, and cationic nitric oxide at 30 Th.
The last two ions are of a much-reduced intensity compared with
the PTR-ToF spectrum of ambient air, supporting the assignment
of these masses to the ions stated.

Protonation of acetone and acetaldehyde gives rise to ions at
59 and 45 Th, respectively (Fig. 8). Notably, the signal atm/z = 46
in Fig. 6(b) is almost entirely absent fromFig. 8, supporting the
assignment of this ion to NO2+. Other notable absences are the
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Fig. 7. PTR-ToF mass spectrum of commercial gas standard containing 50 ppbv
acetone and acetaldehyde in nitrogen.

electrophilic adduct ions NO+·H2O (48 Th), O2
+·H2O (50 Th)

and NO+·O2 (62 Th), consistent with the absence of oxygen, and
further supporting the assignments of these ions. Along with the
peak at 59 Th due to protonated acetone, and that at 45 Th due to
protonated acetaldehyde, there is a strong signal at mass 44. The
absence of air from the drift tube further supports the assignment
of this peak to the [CH3CO]H+ ion formed by collision-induced
dissociation of protonated acetone discussed above.

Notably, there is peak in the PTR-ToF spectrum of OVOC/
nitrogen standard at mass 61, which is the mass of protonated
propanol. However, the absence of propanol from the standar
and from the PTR-ToF spectrum of pure nitrogen (demonstrat
ing system cleanliness with respect to propanol) leads to th
assignment of this mass to a protonated ketene monohydra
species [H2C C O]H+·H2O:

[(CH3)2CO]H+ + M → [H2C C O]H+ + CH4 (9)

[H2C C O]H+ + H2O → [H2C C O]H+·H2O (10)

The signal at 47 Th may be due to ethanol, but this is unlikely
given the nature of the standard. An alternative explanation is
the series of reactions:

[(CH3)2CO]H+ + M → [C2H4]H+ + H2CO (11)

[C H ]H+ + H O → [C H ]H+·H O (12)

F en.

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-
tonated ketene and protonated ethene, are observed in collision-
induced dissociation of protonated acetone in tandem MS[19].

The peak at mass 43 is also attributable to a CID process of
the protonated acetone precursor[19]:

[(CH3)2CO]H+ + M

→ [(CH3)2CO]H+∗ → [CH2CO]H+ + CH4 (13)

The peak at mass 42 may be the product of protonation of
acetonitrile (PA = 779 kJ mol−1).

This plethora of fragmentation and clustering reactions rep-
resents a complicating factor in the analysis of PTR-ToF spectra
that needs to be overcome in order to render the instrument capa-
ble of analysis of complex atmospheric mixtures on a realistic
timescale. Fragmentation is due to high-reduced fields, and the
reduction of reduced field is of paramount importance in the
construction of PTR-ToF spectrometers[15].

3.3. Sensitivity of PTR-ToF

The response of the PTR-ToF to standard gas concentrations
of acetone and acetaldehyde in nitrogen is shown inFig. 9. An
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mmediate and reversible response is observed for both
ounds.

The concentration of analyte molecules in the gas phas
e calculated from the PTR-ToF response via the equation

IRH+

IH3O+
= ρR × kLN2

µ0N0E
× Rf (14)

hereρR is the volume mixing ratio of analyte R in parts per
ion by volume (ppbv) andRf is a response correction factor.
he high, but constant reduced field in our FDT, this respons
or takes into account the fragmentation of protonated ana
his correction factor can be evaluated from standard con

rations and is shown to be 1.47 for acetaldehyde and 2.7
cetone in our PTR-ToF instrument under the present op

ng conditions. The evaluated volume mixing ratios for the
tandard compounds are:

acetaldehyde VMR = 50± 1.8 ppbv;
acetone VMR = 50± 2.0 ppbv.

The main source of error in these data arises from the u
ainty of the rate constants used for calculating the conce
ions of the specific analytes. In the light of the collision-indu
ragmentations discussed in the previous section, it is no
rising that the acetone concentration is somewhat lower

hat calculated assuming quantitative production of the p
ated molecule.

Calibration graphs for the PTR-ToF response to aceton
oluene are shown inFig. 10. These data were obtained in
ase of acetone by using a standard gas mixture diluted with
rade nitrogen online using mass flow control. The toluene
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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 as described in the text.

was obtained using a permeation device. The errors expressed on
the graph are±S.E.M. Sensitivities for the two represented con-
centration ranges are 28 ncps ppbv−1 for acetone below 50 ppbv
and 3.7 ncps ppbv−1 for toluene between 150 and 1000 ppbv,
where ncps means normalised (to 106 counts of hydronium)
counts per second. The differences in sensitivities for the two
molecules may arise from different transport properties through
the mass spectrometer.

The sensitivity of the instrument can be calculated from the
above data according to the expression[20]:

sensitivity= 10−3 × kL

µ0N0
× N2

E
(15)

wherek is the proton transfer reaction rate constant,L is the
drift tube length,µ0 andN0 are the reduced mobility and STP
gas number density respectively,N andE are the drift tube gas
number density and electric field. The above equation can be
recast as:

sensitivity∝ L × 1

(E/N)2
× E (16)

from which it can be seen that sensitivity in PTR increases lin-
early with electric field and decreases with the square of the
reduced field. Hence, a decrease in reduced field, combined with
an increase in total FDT potential difference leads to an increase
in sensitivity.
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Fig. 10. PTR TOF calibration curves for (a) acetone; (b) toluene.

3.4. Resolution of nominal isobars

A significant advantage of ToF technology in tandem with
PTR chemical ionisation is the ability of the mass filter to achieve
high mass resolution compared to the commercially available
PTR quadrupole analysers. Nominally isobaric molecules pose
a difficulty in quantifying individual species in atmospheric
analysis by conventional PTR. The quadrupole mass analyser
identifies all nominally isobaric ions as the same mass, and hence
reports potentially misleading mixing ratios if the presence of
only a single species is assumed. This problem is exacerbated if
the relative concentrations of the nominal isobars are changing
rapidly. Mass resolution of nominal isobaric species solves this
problem for non-isomeric isobaric species.

The mass accuracy of the PTR-ToF, as determined from six
calibrated accurate mass measurements from 19 to 51 Th,
264± 170 ppm. Mass calibration is achieved by interpolation
from a graph of measured masses versus their known accura
masses (R2 values better than 0.98). The mass reproducibility
(as measured from 10 consecutive 1 min integrations) is <0.1%

PTR-ToF spectra of ethanol (bottom trace ofFig. 11) and of
a mixture of ethanol and methanoic acid (top trace inFig. 11)
were obtained using a permeation oven with nitrogen buffer gas
Mixing ratios of the two compounds are in the sub-ppmv range.
Masses of protonated ethanol and protonated methanoic acid a
47.04969 and 47.01330 Da, respectively, requiring a resolution
o bars
E d the
m .036

Fig. 11. PTR-ToF spectra of ethanol (bottom trace) and ethanol/methanoic acid
mixture (top trace) showing mass resolution for the two compounds.

renders the peaks resolvable on the basis of FWHM separation.
Resolution at this level is also capable of distinguishing between
methanol and cationic16O17O, present in PTR spectra as a result
of back diffusion of air into the discharge source, and demon-
strates the potential of ToF MS for speciation of analytes in PTR
MS.

4. Conclusions and future modifications

We have demonstrated the operation of our first generation
hollow cathode PTR-ToF mass spectrometer. The instrument is
capable of detection of a few ppbv of gaseous analyte on the
order of a few seconds, with a sensitivity at this volume mixing
ratio approaching 30 ncps ppbv−1 for acetone. The instrument
response is linear over concentration ranges of important atmo-
spheric trace gases. Use of a time-of-flight mass spectrometer,
rather than quadrupole-MS, has offered the expected advantages
including far superior mass resolution and multichannel data
acquisition, allowing the capture of the complete mass spectrum
over short timescales. These characteristics offer distinct advan-
tages in the analysis of complex mixtures when compared to
commercially available PTR-quadrupole-MS instrumentation.
Unlike a similar PTR-ToF designed for field operation[15],
our instrument also has the advantage that it operates with-
out a radioactive ionisation source. At present, our sensitivity is
a able
P tified
a d to
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i ble
d drift
t educ-
t o the
h om-
p ytes,
a tten-
u

n of
a ased
s of the
f 1290 ppm to distinguish between these two nominal iso
stimated FWHM for the peaks in the figure are 0.02 Th, an
easured separation of 0.023 Th (64% of the expected 0
is

te

.

.

re

.

)

pproximately 5- to 10-fold less than the commercially avail
TR-quadrupole-MS, however in this paper we have iden
spects of design modification which are expected to lea
nhanced performance. Installation of a venturi inlet on the

njection orifice of the FDT is expected to lead to a favoura
ecrease in reduced field by allowing the operation of the

ube at higher pressures and higher operating voltages. R
ion in reduced field is important in the present case due t
igh population of fragmentation pathways which leads to c
lication of the mass spectrum of complex mixtures of anal
nd essentially reduces the sensitivity of the instrument by a
ating protonated molecule intensities.

Further potential advantages arising form the installatio
venturi orifice are an increased hydronium yield, an incre

ensitivity, and a decrease in clustering (due to adjustment
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water vapour/hydronium dynamic equilibrium). The increase in
hydronium yield when the instrument is operating with air as
the buffer gas arises from the limiting of back diffusion of buffer
into the ion source, where dioxygen competes with water as a
charge carrier in the hollow cathode plasma. Increased sensitiv-
ity arises from the potential to increase the drift tube pressure
while maintaining constant a reduced field, the sensitivity being
directly proportional to pressure at constantE/N as shown in Eq.
(16). Also, attention to orifice geometry is expected to lead to
further decreases in detection limit through increased ion trans-
port through the FDT and into the ToF mass spectrometer.

These modifications are intended to constitute the second
generation PTR-ToF, which we expect to yield higher sensitiv-
ities and lower limits of detection, leading to a portable instru-
ment capable of rapid analysis of ultra trace components in the
gas phase with high mass resolution.
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