
Sensitivity and Selectivity of Switchable Reagent Ion Soft Chemical
Ionization Mass Spectrometry for the Detection of Picric Acid
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ABSTRACT: We have investigated the reactions of NO+, H3O
+, O2

+, and
Kr+ with picric acid (2,4,6 trinitrophenol, C6H3N3O7, PiA) using a time-of-
flight mass spectrometer with a switchable reagent ion source. NO+ forms a
simple adduct ion PiA·NO+, while H3O

+ reacts with PiA via nondissociative
proton transfer to form PiAH+. In contrast, both O2

+ and Kr+ react with PiA
by nondissociative charge transfer to produce PiA+. For Kr+, we also observe
dissociation of PiA, producing NO2

+ with a branching percentage of
approximately 40%. For the reagent ions H3O

+ and O2
+ (and operating the

drift tube with normal laboratory air), we find that the intensities of the
PiAH+ and PiA+ ions both exhibit a peak at a given drift-tube voltage (which
is humidity dependent). This unusual behavior implies a peak in the
detection sensitivity of PiA as a function of the drift-tube voltage (and hence
E/N). Aided by electronic-structure calculations and our previous studies of
trinitrotoluene and trinitrobenzene, we provide a possible explanation for
the observed peak in the detection sensitivity of PiA.

■ INTRODUCTION

A number of our recent publications have demonstrated the use
of switchable reagent ion soft chemical ionization mass
spectrometric instrumentation for the detection of various
threat agents including explosives,1−5 drugs,4,6−9 chemical
warfare agents,10,11 and toxic industrial compounds.11 The
explosive studies have included the reactions of H3O

+ with
trinitrotoluene (TNT), trinitrobenzene (TNB), pentaerythritol
tetranitrate (PETN), cyclotrimethylenetrinitramine (RDX),
1,3-dinitrobenzene (DNB), and 2,4-dinitrotoluene (DNT),1−4

and O2
+ and NO+ with TNT, TNB, PETN, and RDX.5 The aim

of our studies into different reagent ions is to investigate
whether rapid switching between them could enhance the
selectivity of detection, i.e., whether it is possible to distinguish
isobaric and isomeric compounds.
A particularly interesting finding from the H3O

+ studies with
explosives was the dependence of the detection sensitivity of
TNTH+ and TNBH+ on reduced electric field (the ratio of the
electric field strength E and the gas number density N in the
drift tube).3 For the majority of PTR-MS studies, it has been
found that the signal intensity for the protonated parent
decreases with increasing E/N (e.g., in the case of the
explosives, this is observed to occur dramatically for RDX
and PETN). A decrease in the protonated parent ion signal
with increasing E/N is the expected behavior owing to reduced
reaction times and increased collisional induced dissociation. A
decrease in the protonated parent ion signal is also observed for

low E/N if association of the protonated parent with water
present in the drift tube occurs. If this association occurs at a
given E/N, then it will be observed that the protonated signal
intensity would initially increase as E/N is increased owing to
the reduction in association, reach a maximum, and then begin
to decrease owing to the two factors already mentioned above.
It can normally be expected that any decrease with the
protonated parent (MH+) as a result of association with water
would be mirrored by an increase in the MH+·H2O signal
intensity, so that the parent molecule of interest would still be
involved in a product ion (e.g., this has been observed for 1,3-
DNB and 2,4-DNT),3 and hence an identifiable m/z in the
mass spectrum. However, this is not always the case. For
TNTH+ and TNBH+, no significant increase in the MH+·H2O
ion signals was observed at low E/N because of a ligand
switching process:

· + → · ++ +MH H O H O H O H O M2 2 3 2 (1)

Given that the terminal ion does not contain the explosive and
is one that is already abundant in the drift tube so that the
contribution from the secondary reactions cannot be detected,
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reaction 1 results in a loss of sensitivity for the detection of
TNTH+ and TNBH+ as E/N is reduced.
Reaction 1 is not common, and an aim of our recent studies

has been to investigate whether any other explosives or
explosive related compounds behave in a similar fashion. The
importance of this relates to the appropriate conditions needed
to enhance sensitivity (correct E/N) and selectivity (rapid
switching of E/N) of detection. Therefore, we have investigated
a large number of compounds, including nitrobenzene,
nitromethane, nitrotoluenes, dinitrobenzenes, dinitrotoluenes,
and picric acid (PiA). Only the trinitroaromatic compound
picric acid (C6H3N3O7) was found to behave in a similar way to
TNT and TNB, and this compound is therefore the subject of
this paper.
In addition to using H3O

+ as a reagent ion, in this study, we
have extended this investigation by looking at the reaction of
picric acid with NO+, O2

+, and Kr+ to determine what product
ions are produced, so that we can not only determine if
selectivity can be enhanced for picric acid detection by
switching the reagent ions but also investigate the sensitivity
of detection as a function of E/N for these three reagent ions.
Of particular interest here is that we have found that the
intensity of the product ion resulting from the reaction of O2

+

with picric acid behaves in a similar way to that observed for
protonated picric acid with E/N, although over a different E/N
range.
To aid in the interpretation of the experimental results, DFT

calculations have been undertaken to determine theromochem-
ical values for picric acid and its reaction with various ions.
These calculations are also reported in this paper.

■ EXPERIMENTAL AND THEORETICAL DETAILS

Electronic Structure Calculations. Density functional
theory calculations using the Gaussian 09 program with the
GaussView 5 interface have been undertaken to determine the
proton affinity of picric acid, heats of formation of various ions,
and reaction processes at 298 K.12 Although it is appreciated
that the drift tube temperature used in our experiments is
greater than 298 K, the thermochemical calculations at 298 K
provide a useful indication as to whether a reaction pathway is
energetically possible or not. The B3LYP functional with the 6-
31+G(d,p) basis set was used for this study.
Experimental Methods. For this study, we have used the

recently developed switchable reagent ion PTR-TOF 8000
(manufactured by Ionicon Analytik GmbH, Austria).13 A full

description of this instrument has already been published,14 and
hence, only brief details will be provided here.
Carrier gas was passed through a septum into a glass vial

containing picric acid. The carrier gas passed over the sample
and was drawn into a tube connected to the inlet system of the
PTR-TOF 8000. The glass vial was kept at approximately 70
°C, whereas the sample inlet line and the drift tube were
maintained at approximately 120 °C. For those H3O

+ and O2
+

experiments where we wished to keep the humidity in the drift
tube to a minimum value, high purity nitrogen was used as a
carrier gas; otherwise, normal laboratory air was used after it
had been passed through a hydrocarbon trap. For the Kr+

experiments, the drift tube was operated under extremely dry
conditions (defined as the case when the H3O

+ signal intensity
is less than approximately 3% of the total Kr+ ion signal at any
given E/N) and the carrier gas used was helium, as described by
Sulzer et al.15 As both Kr+ and O2

+ react with picric acid via
charge transfer, we have also investigated the reactions of O2

+

with picric acid using the carrier gas (He) used in the krypton
experiments to allow a direct comparison between the two
studies. When operating using helium in the drift tube, the drift
tube voltage is limited such that the maximum E/N that can be
used is 110 Td because above this value an electrical discharge
occurs, making the system unstable.
H3O

+, NO+, Kr+, or O2
+ reagent ions were produced by

flowing water vapor, nitrogen/oxygen mix (3:1), krypton, or
oxygen, respectively, into a hollow cathode discharge ion
source. The reagent ions, under the influence of a voltage
gradient, passed through a small orifice from the hollow
cathode ion source into an adjacent drift (reaction) tube
section, where the picric acid in trace amounts was introduced
via the gas inlet system mentioned above. When using NO+ and
O2

+ as the reagent ions, H3O
+ was also produced owing to

some residual water vapor on the surfaces of tubing going to
and in the hollow cathode ion source, but this always resulted
in an ion intensity of less than 5% found for that of the
dominant reagent ion signal after several seconds and much less
when running in pure nitrogen.
For the series of investigations presented in this study, picric

acid was purchased from Sigma-Aldrich with a stated purity of
≥98%. Owing to its susceptibility to explode through friction or
shock, picric acid is supplied wet, i.e., under a layer of water,
which renders picric acid safe to handle. Therefore, before any
measurements were taken, a small quantity of wet picric acid
was placed in the glass vial and allowed to air-dry.

Table 1. Enthalpy and Free Energy Changes for the Reactions of H3O
+, H3O

+·H2O, and H3O
+·2H2O with Picric Acid (PiA) at

298 K Calculated at the B3LYP 6-31+G(d,p) Level

reactants product(s) ΔH298 (kJ mol−1) ΔG298 (kJ mol
−1)

PiA + H3O
+ PiA1H+·H2O −139 −97

PiA1H+ + H2O −80 −75
PiA4H+·H2O −124 −86
PiA4H+ + H2O −27 −27

PiA + H3O
+·H2O PiA1H+·2H2O −66 −27

PiA1H+·H2O + H2O +19 +27
PiA4H+·2H2O −74 −28
PiA4H+·H2O + H2O +34 +37

PiA + H3O
+·2H2O PiA1H+·3H2O −58 −11

PiA1H+·2H2O + H2O +29 +37
PiA4H+·3H2O −55 −7
PiA4H+·2H2O + H2O +21 +37
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■ RESULTS

Electronic Structure Calculations. Since much of the
thermochemistry of the reaction processes involved in this
study is unknown, a series of electronic structure calculations
have been undertaken. These provide crucial information which
can be used to determine which reaction pathways are
energetically possible. The thermochemical calculations for
various reaction processes involving protonated species of
importance to the study presented here are summarized in
Tables 1 and 2. Table 1 presents the changes in the enthalpies
and free energies for the reactions of H3O

+, H3O
+·H2O, and

H3O
+·2H2O with picric acid. Table 2 provides the changes in

the enthalpies and free energies for the reactions of PiAH+·
nH2O (n = 0−2) with H2O.
To our knowledge, the proton affinity of picric acid is not

available in the literature. The actual value depends on which
site on the picric acid the proton attaches. We have undertaken
DFT calculations for the proton attaching to either the 2- or
the 4-nitro groups. The calculated proton affinities correspond-
ing to PiA1H+, PiA2H+, and PiA4H+ are 764, 756, and 711 kJ
mol−1, respectively. There is only one possible structure for the
4-nitro group PiA4H+ with the proton sitting on a nitro group.
However, for the nitro groups adjacent to the hydroxyl group,
there are two possible configurations when a proton is attached,
PiA1H+ and PiA2H+, and these are shown in Figure 1.
Transition state energies for PiA1H+ to PiA2H+ are calculated
to be ΔH = +47 kJ mol−1 and ΔG = +45 kJ mol−1, and it is thus
likely that PiA1H+ is the stable structure when the proton is
transferred to the 2-nitro group. The proton affinities
determined for picric acid are all greater than the proton
affinity of H2O but less than that for (H2O)2. This means that,

while H3O
+ is thermodynamically allowed to transfer a proton

to picric acid, H3O
+·H2O cannot. Ligand switching from H3O

+·
H2O to PiA to form PiA·H3O

+ and H2O is thermodynamically
also not possible. The value for the proton affinity
corresponding to the conjugate acid PiA4H+ is relatively close
to water (PA(H2O) = 691 kJ mol−1).16 On the basis of the
studies of other molecules whose proton affinities are close to
water, e.g., hydrogen cyanide (PA(HCN) = 713 kJ mol−1) and
formaldehyde (PA(HCHO) = 712 kJ mol−1),17−19 we can
expect that if formed substantial back reaction of PiA4H+ with
water will occur owing to the large abundance of neutral water
in the reaction region.

Experimental Results. H3O
+ Measurements. Figure 2a

provides information on the H3
16O+ reagent ion signal (as

determined in the normal way by recording the signal intensity
for H3

18O+ to avoid detection saturation issues) as a function of
E/N over the range 90−240 Td, as measured on the PTR-TOF
8000 instrument. The overall reagent ion signal intensity is
excellent, being around 3 × 106 cps. However, there is an
obvious dependence on intensity on E/N, which we attribute to
transmission factors and, at low E/N, water clustering. Figure
2a shows that as H3O

+ decreases at low E/N values (<120 Td)
a comparable increase in H3O

+·H2O occurs. Below approx-
imately 100 Td, m/z 37 (H3O

+·H2O) becomes the dominant
reagent ion.
Reaction of H3O

+ with picric acid is via nondissociative
proton transfer leading to PiAH+. Parts b and c of Figure 2
graphically represent the dependence of the detection efficiency
for PiAH+ on E/N for the raw and normalized (to 106 H3O

+)
counts per second, respectively, using laboratory air as the
carrier gas.
The E/N dependence observed for PiAH+ follows a similar

pattern to one we have observed for two other trinitroaromatic
compounds, TNT and TNB.3 A simple chemical mechanism
explains the observations for TNT and TNB, as described
briefly in the Introduction above and in more detail in ref 3.
From the DFT calculations provided in Table 2, we propose a
similar process is taking place with picric acid. That is, as E/N is
reduced, adduct formation of PiAH+ with H2O occurs.
However, we observe only small quantities of PiAH+·H2O.
Therefore, as proposed for TNT and TNB, PiAH+·H2O reacts
with water, leading to the formation of PiA and H3O

+·H2O, i.e.,

· + → · ++ +PiAH H O H O H O H O PiA2 2 3 2 (2)

The (298 K) DFT calculations show that for reaction 2 ΔG =
−27 kJ mol−1 for PiA1H+ and ΔG = −37 kJ mol−1 for PiA4H+

(Table 2). Even if instead of reaction 1 PiAH+·H2O forms a
higher hydrate through adduct formation, the reaction of

Table 2. Enthalpy and Free Energy Changes for the Reactions of PiAH+·nH2O (n = 0, 1, or 2) with H2O at 298 K Calculated at
the B3LYP 6-31+G(d,p) Level

reactants product(s) ΔH298 (kJ mol−1) ΔG298 (kJ mol
−1)

PiA1H+ + H2O PiA1H+·H2O −59 −22
PiA1H+·H2O + H2O PiA1H+·2H2O −85 −54

PiA + H3O
+·H2O −19 −27

PiA1H+·2H2O + H2O PiA1H+·3H2O −86 −48
PiA + H3O

+·2H2O −29 −37
PiA4H+ + H2O PiA4H+·H2O −97 −59
PiA4H+·H2O + H2O PiA4H+·2H2O −108 −65

PiA + H3O
+·H2O −34 −37

PiA4H+·2H2O + H2O PiA4H+·3H2O −76 −44
PiA + H3O

+·2H2O −21 −37

Figure 1. Structures for protonated picric acid corresponding to two
possible conjugate acids.
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PiAH+·2H2O with H2O leading to the products H3O
+·2H2O +

PiA is also exoergonic with ΔG = −37 kJ mol−1. Thus, ion−
molecule reactions of PiAH+·n(H2O) with H2O can explain the
low intensity observed for the PiAH+·n(H2O) ions and hence
the reduction in the PiAH+ signal at low E/N. In confirmation
of this proposal, Figure 3 presents the normalized signal
intensities (with the maxima set at 100 for ease of comparison)
for a dry N2 and for the case where N2 has added water, leading
to a relative humidity of 10%. (Note that, even when using N2
as a buffer gas in the drift tube, there will still be water diffusing
into the drift tube from the ion source.) In agreement with
expectations, the peak intensity shifts to higher E/N as the
humidity of the carrier gas in the drift tube increases.

O2
+ Measurements. Unlike H3O

+ studies, which are limited
to E/N of greater than approximately 90 Td owing to clustering
with H2O, which dramatically reduces the H3O

+ intensity below
90 Td (see Figure 2a), there is no such restriction for the O2

+

measurements because there is no observable adduct formation
with H2O. Thus, for these studies, we were able to start
measurements at lower E/N values. Figure 4a gives details on
the O2

+ reagent ion signal intensity as a function of E/N (60−
240 Td) using laboratory air passed through a hydrocarbon trap
as the buffer gas in the drift tube. This reagent ion signal had to
be determined by using the molecular oxygen isotope at m/z 34
(16O18O+), owing to detection saturation at m/z 32. It can be
seen that even at 60 Td the signal intensity is relatively high at
approximately 2 × 106 cps and then steadily increases as E/N
increases reaching a maximum of approximately 7 × 106 cps at
about 120 Td and then decreases with increasing E/N. Thus,
the signal intensity of O2

+ as a function of E/N follows a similar
behavior as found for H3O

+. Given that none of the decrease
observed in the O2

+ intensity for E/N < 120 Td can be
attributed to cluster formation, we assume it is a result of
extraction issues from the ion source. Although the change in
intensity of the reagent ions over the E/N range covered in this
study is not dramatic (approximately a factor of 3), it is
important that any product ion signal is normalized to the
reagent ion signal (we have used 106 cps of O2

+).
For all E/N values, O2

+ is found to react with picric acid by
nondissociative charge transfer:

+ → ++ +O PiA PiA O2 2 (3)

No other ions could be identified in the mass spectra that could
be associated with the reaction of O2

+ with PiA. For reaction 3
to be observed, the ionization potential of picric acid must be
less than that of oxygen (12.07 eV). This agrees with an
experimental value of the ionization potential of picric acid of
10.1 eV obtained from single photoionisation mass spectro-
metric measurements.20 The dependence of PiA+ unnormalized
and normalized signal intensities as a function of E/N is shown
in Figure 4b and c, respectively. We find that the PiA+ signal
intensity follows a similar dependence to that found for the
PiAH+ signal (although over a different E/N range). (Compare
Figure 2c with Figure 4c.) To determine whether this is
humidity dependent, we investigated how the peak position
changes in going from using normal laboratory air to laboratory

Figure 2. The variation in ion signal intensities for (a) the reagent ion
H3O

+, (b) the unnormalized protonated picric acid, and (c) the
normalized (106 cps of H3O

+) protonated picric acid as a function of
E/N. Purified laboratory air was used as the carrier gas.

Figure 3. The relative variation in ion signal intensities for normalized
PiAH+ as a function of E/N using dry N2 and N2 at 10% humidity as
carrier gases. The maximum intensity has been set at 100 for both sets
of data to ease comparison.
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air at 10% humidity. This is shown in Figure 5, which should be
compared with Figure 3.
A comparison of Figures 4c and 5 with Figures 2c and 3,

respectively, implies that a similar process proposed for the
reaction of PiAH+·H2O with water (reaction 2) is occurring for
PiA+·H2O and water, resulting in neutral PiA and a protonated
water cluster:

· + → + ·+ +PiA H O H O PiA H O H O2 2 3 2 (4)

Table 3 presents enthalpy and free energy changes for the
reactions of PiA+·nH2O (n = 0, 1, or 2) with H2O at 298 K
calculated at the B3LYP 6-31+G(d,p) level. From this table, it
can be seen that the proposed reaction route (4) is endoergic
with ΔG = +17 kJ mol−1. This leads to a problem, because we
have suggested in an earlier publication that an endoergicity of

+17 kJ mol−1 is too high for DNBH+·H2O to react with water
via a ligand switching mechanism within the drift tube
environment.3 However, it could be argued that PiA+ is formed
with a significant amount of internal energy following the
charge transfer (approximately 2 eV), which is far more than
PiAH+ would have following proton transfer from H3O

+ to
DNB, and that after associating with H2O there is sufficient
energy to drive reaction 4. This raises the question as to
whether excited PiA+ would readily associate with water.
To further investigate the humidity dependence of the PiA+

intensity, we replaced laboratory air with either pure nitrogen
or helium (used also to compare later with the Kr+ study). Parts
a and b of Figure 6 show the unnormalized and normalized
measurements for PiA+ obtained when using nitrogen as the
carrier gas, respectively, and Figure 7b shows the results when
using He as the buffer gas. (Figure 7a shows the O2

+ signal
intensity as a function of E/N in a He buffer gas, which is
considerably less than obtained when using air or nitrogen
(Figure 4a) but still of sufficient intensity for our study.) It can
be seen that the shape of the PiA+ intensity curves (compare
Figure 4c with Figures 6b and 7b) has dramatically changed and
behaves more like the normal behavior (i.e., decreasing
intensity with increasing E/N), except for an unexplained
kink in the curve of Figure 6b, which approximately occurs at
the position where the maximum is observed for those
measurements taken using a more humid reaction chamber.

NO+ Measurements. The NO+ reactions with picric acid
were studied to see whether they could be used for improving
the selectivity. Figure 8 provides a summary of the results for
the reactions of NO+ with picric acid. As found for the
production of O2

+ reagent ions, owing to the lack of association
with water, we can operate the drift tube at lower E/N values
than is possible when using water vapor in the ion source.
Figure 8a gives the N16O+ reagent ion signal intensity
(calculated using the 15N16O+ signal intensity) as a function
of E/N over the range 60−180 Td.
Given that the ionization potential of picric acid is greater

than the recombination energy of NO+ (9.6 eV), NO+ reagent
ions cannot react with picric acid via charge transfer processes
and only adduct formation is observed (PiA·NO+). DFT
calculations show that this is a strong complex (ΔG = −81 kJ
mol−1). However, it is only observed to be readily formed at
low E/N values, as illustrated in Figure 8b and c, which give the
unnormalized and normalized (to 106 NO+ reagent ions per
second) signal intensities, respectively, as a function of E/N.

Figure 4. The variation in ion signal intensities for (a) the reagent ion
O2

+, (b) the unnormalized PiA+, and (c) the normalized (106 cps of
O2

+) PiA+ as a function of E/N. Purified laboratory air was used as the
carrier gas.

Figure 5. The variation in relative ion signal intensities for normalized
PiA+ as a function of E/N recorded using normal laboratory air
compared to using laboratory air at 10% humidity as a carrier gas.
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Kr+ Measurements. Figure 9a shows the total Kr+ reagent
ion signal intensity (cps) as a function of E/N over the range
60−110 Td. To determine the signal intensity, only the signal
intensity at 78Kr+ is used to determine the overall Kr+ counts,
owing to detection saturation at the m/z values corresponding
to the more dominant isotopes. From Figure 9a, it can be seen
that the reagent ion intensity increases with increasing E/N,
starting at approximately 1.3 × 106 cps at 30 Td going up to
about 3.3 × 106 cps at 110 Td. Given that Kr+ is highly reactive,
it is possible that this increase in reagent signal is associated
with a reduced reaction time as E/N increases.
Kr+ has a recombination energy of 14.0 eV, which is much

higher than that for O2
+. Therefore, we may expect that, in

addition to nondissociative charge transfer, dissociative charge
transfer to picric acid could occur. In agreement with this, we
have observed two product ions. One is PiA+ and the other is
NO2

+, with branching percentages of approximately 60 and
40%, respectively, across the range of E/N values investigated;
i.e., there is no major E/N dependence (at 110 Td, the

branching ratio of NO2
+ has increased to about 50%). Parts b

and c of Figure 9 give raw and normalized signal intensities,
respectively, for PiA+ as a function E/N. In this case, the PiA+

follows a normal behavior of decreasing intensity with
increasing E/N.
There is one final point with the Kr+ reactions. It can be seen

from Figure 9c that the maximum normalized counts per
second of the product ion are significantly less than the
maximum value obtained for the reactions H3O

+ or O2
+,

although identical concentrations of picric acid in the drift tube
were used for all of the experiments. This implies that the
reaction efficiency is less than unity. This is entirely possible.
Although exergonic proton transfer reactions generally occur
with unit efficiency,21 the same cannot be said for exergonic
charge transfer processes. Factors other than energetics, such as
an energy resonance connecting the neutral molecule to an
ionic state at the recombination energy of the reagent ion, play
a role in determining the efficiency of simple charge transfer
reactions.22

Table 3. Enthalpy and Free Energy Changes for the Reactions of PiA+·nH2O (n = 0, 1, or 2) with H2O at 298 K Calculated at the
B3LYP 6-31+G(d,p) Level

reactants product(s) ΔH298 (kJ mol−1) ΔG298 (kJ mol
−1)

PiA+ + H2O PiA+·H2O −77 −43
PiA+·H2O + H2O PiA+·2H2O −90 −55

PiA−H + H3O
+·H2O +15 +17

PiA+·2H2O + H2O PiA+·3H2O −79 −41
PiA−H + H3O

+·2H2O +10 +8

Figure 6. The variation in ion signal intensities for (a) the
unnormalized PiA+ and (b) the normalized (106 cps of O2

+) PiA+

signal intensities resulting from the reaction of O2
+ with picric acid as a

function of E/N in a “dry” reaction chamber for which high purity N2
was used as the carrier gas.

Figure 7. The variation in (a) O2
+ ion signal intensity as a function of

E/N and (b) the normalized (106 cps of O2
+) PiA+ as a function of E/

N in a dry reaction chamber for which high purity He was used as the
carrier gas.
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■ CONCLUDING REMARKS
Using the recently developed switchable reagent ion source
PTR-TOF 8000, we have investigated the reactions of H3O

+,
NO+, O2

+, and Kr+ with picric acid (PiA) over a range of E/N
values. The H3O

+ investigation was undertaken to see if PiA
mirrored our earlier work with TNT and TNB. The other
reagent ions were investigated to see if the reaction processes
lead to product ions which could be used to improve selectivity.
The reaction processes are nondissociative proton transfer for
reaction with H3O

+, nondissociative charge transfer for reaction
with O2

+, nondissociative and dissociative charge transfer for
reaction with Kr+, and adduct formation for reaction with NO+.
However, the actual final product ion in a humid reaction
system when either PiAH+ or PiA+ are the product ions has
been found to be highly dependent on the E/N used. Once
PiAH+·H2O and PiA+·H2O are able to be formed, we propose

that secondary ion reactions with water lead to a product ion
that no longer contains picric acid. As found for protonated
TNT and TNB, the behavior of the intensity of protonated
picric acid parent as E/N is changed by rapidly changing the
drift tube voltage has the potential for use as a powerful
discriminatory analytical probe to detect picric acid. This drift
tube voltage bias, coupled with switching from water to oxygen
chemistry, which can be done within seconds, followed again by
changing E/N provides an analytical procedure for the
identification of picric acid with a high level of confidence in
the assignment.
For PTR-MS to be useful in security areas, special procedures

need to be adopted to achieve a high level of confidence in the
assignment of a compound, which is not possible just based on

Figure 8. The variation in ion signal intensities for (a) NO+, (b)
unnormalized PiA·NO+, and (c) normalized (106 cps of H3O

+) PiA·
NO+ as a function of E/N recorded using a PTR-TOF 8000
instrument. Purified laboratory air was used as the carrier gas.

Figure 9. The variation in ion signal intensities for (a) Kr+, (b)
unnormalized PiA+, and (c) normalized (106 cps of Kr+) PiA+ as a
function of E/N recorded using a PTR-TOF 8000 instrument in an
extremely “dry” reaction chamber. High purity He was used as the
carrier gas.
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a nominal m/z value. Rapid switching of reagent ions is one
way to improve selectivity. This alters the ion chemistry and
hence the m/z of the product ion(s) detected. The
combination of an unusual E/N dependence on ion signal
intensity, which in the case of picric acid occurs for PiA+ and
PiAH+ product ions, and rapid switching of reagent ions results
in a powerful and multidimensional analytical tool for the
screening of picric acid in complex chemical environments,
providing higher confidence levels in assignment than possible
when simply relying on a nominal m/z value.
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