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We have carried out a selected ion flow tube (SIFT) study of the reactions of H3O+, NO+ and O2
+• with the following 10 compound

-hydroxyphenol, 2-, 3- and 4-methylphenol (o-, m- andp-cresol, respectively), 4-ethylphenol, 1-phenylmethanol (benzyl alcohol), 1
-phenylethanol, 1,4-benzoquinone and cyclohexanone. The primary purpose of this work was to extend the kinetics database to
ompounds (M), to be analysed in air by selected ion flow tube mass spectrometry (SIFT-MS). The initial step in all the H3O+ reactions is
xothermic proton transfer to produce MH+ ions, which are observed as the only products for seven of the ten reactions, but for th
romatic alcohols, H2O molecule elimination occurred from the nascent MH+ ions producing the corresponding hydrocarbon ion. This
ssential point to recognise when exploiting proton transfer to analyse these compounds using SIFT-MS and proton transfer re
pectrometry, PTR-MS. NO+ reacts with six of the compounds via non-dissociative charge transfer producing M+ ions and this is a valuab
oute to their analysis by SIFT-MS. In the case of the NO+/quinone reaction, adduct formation occurs giving NO+M product ions, whilst fo
he remaining three reactions two or more ion products were formed. All the O2

+• reactions proceeded via charge transfer with multiple
roducts in most cases. A sample analysis is carried out to indicate the value of simultaneous use of both H3O+ and NO+ precursor ions t
nalyse a mixture containing some of these compounds.
2004 Elsevier B.V. All rights reserved.

eywords:Proton transfer; Charge transfer; Phenols; Phenyl alcohols; SIFT-MS; PTR-MS

. Introduction

Since the advent of selected ion flow tube mass spectrom-
try (SIFT-MS), which is an analytical method primarily in-

ended for the real-time, on-line analysis of the trace gases on
ir, and especially exhaled breath[1–4], and the headspace
f biological liquids (urine[5–8], blood, cell cultures in vitro

9,10]), a continuous effort has been made to build and extend
he required kinetics database. This has involved the study of
he rate coefficients and product ion distributions for the reac-
ions of H3O+, NO+ and O2

+•, the commonly used precursor

∗ Corresponding author. Tel.: +44 1782 555 228; fax: +44 1782 717 079.
E-mail address:d.smith@bemp.keele.ac.uk (D. Smith).

ions for SIFT-MS analyses[1–3], with a wide variety of or
ganic and inorganic compounds at thermal energies u
the selected ion flow tube method[11–21]. These in-dept
studies have not only provided the essential kinetics da
SIFT-MS, but also contributed to the body of knowledge
ion-molecule reaction processes. Thus, it is seen that the
fraction of reactions of H3O+ with organic molecules pro
ceeds rapidly via exothermic proton transfer[11,12,22], a
focus of this special issue. An exception to this trend is
reactions ofn-alkanes with H3O+ in which the protonate
n-alkanes are not observed[17], presumably because the p
ton affinities (PA) of then-alkanes are less than the PA of
H2O molecule. This renders proton transfer endotherm
the thermal energies (300 K) of most SIFT experiments.

387-3806/$ – see front matter © 2004 Elsevier B.V. All rights reserved.
oi:10.1016/j.ijms.2004.07.022



140 T. Wang et al. / International Journal of Mass Spectrometry 239 (2004) 139–146

interesting to note that H3O+ reactions with the longer chain
n-alkanes proceed via ion-molecule association producing
H3O+/alkane adduct ions[17].

Appreciation of these general trends is especially rele-
vant to the proton transfer reaction mass spectrometry, PTR-
MS, analytical technique[23,24], where proton transfer from
H3O+ occurs under supra thermal conditions in a drift tube.
Thus, the small amounts of additional energy involved in the
H3O+/neutral interaction could seriously influence the kinet-
ics of those reactions that are close to thermoneutral such as
the reactions of H3O+ with formaldehyde[6,25] and hydro-
gen sulphide[26].

A special feature of SIFT-MS is the facility to rapidly
switch between the H3O+, NO+ and O2

+• precursor ions,
which allows the analysis of a given gas mixture, including
exhaled breath, by all three ions effectively simultaneously.
This allows species to be analysed that are not accessible
using H3O+ ions, especially small inorganic molecules such
as NO and NO2 that are well analysed using O2

+• precursor
ions[27]. Further to this, the parallel analysis of mixtures with
two or three of the precursor ions provides important checks
on the proper identification and quantification of compounds
within the mixture[12].

Much effort has been made to obtain a thorough under-
standing of the reactions of the precursor ions with the ubiq-
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istry [31]. Partial H2O elimination also occurs when most
aldehydes and carboxylic acids are protonated by H3O+ and
this must be taken into account for the accurate analyses of
these compounds in SIFT-MS analyses and other methods
that exploit proton transfer such as PTR-MS[32]. Where
doubt arises in the identification of these compounds using
H3O+ precursor ions, NO+ precursor ions can additionally
be used for SIFT-MS analyses. These reactions largely pro-
ceed via hydride ion transfer (aliphatic alcohols[13] and
aldehydes[14]), hydroxide ion transfer and parallel associa-
tion (carboxylic acids[15]) and association (ketones[14,20]).
The reactions of these compounds with the more energetic
O2

+• precursor ions usually results in multiple product ions
[13–15], especially for the longer chain compounds, and this
means that O2+• is not a very useful precursor ion for their
analyses in mixtures, but can be used to identify individual
compounds according to their characteristic fragmentation
patterns.

To date, we carried out few studies of the reactions of
aromatic compounds with H3O+, NO+ and O2

+• (except
hydrocarbons[17]), principally because they are not so obvi-
ously present in exhaled breath or above urine and blood.
However, it has recently been indicated thatp-cresol, or
4-methylphenol, exists in the serum of patients with kid-
ney disease[33]. So we have initiated a study of the ion
c nds
i pa-
p ions
o in
F , 4-
e 1,4-
b es of
o cause
t . We
a ese
c their
a

itous aliphatic (open chain) oxygen containing organic c
ounds, especially alcohols[13], aldehydes[14], carboxylic
cids[15] and ketones[14,28]. The kinetics database for the
ompounds is now quite extensive, but it is being exten
s and when required[29,30]. The SIFT studies reveal th
xcept for methanol and ethanol, protonation of the alco

n the H3O+/aliphatic monoalcohol reactions results in
limination of an H2O molecule from the nascent protona
lcohol and the production of the corresponding hydroca

on [13]. Similarly, protonation of diols results in H2O elim-
nation, but in this case the product ion obviously retain
xygen atom, which influences their subsequent ion ch

Fig. 1. The structures of the compounds involved in this
 The ionisation energies (IE), when known, are also included[39].

hemistry of aromatic hydroxy and carbonyl compou
n order to expand our kinetics database. Thus, in this
er, we report the results of a SIFT study of the react
f H3O+, NO+ and O2

+• with the compounds given
ig. 1, viz. 2-hydroxyphenol, 2-, 3- and 4-methylphenol
thylphenol, 1-phenylmethanol, 1- and 2-phenylethanol,
enzoquinone and cyclohexanone. The ion chemistri
ther isomers of these compounds were not studied be

hey are solids having prohibitively low vapour pressures
lso show SIFT-MS spectra for a mixture of some of th
ompounds in order to illustrate some major features of
nalyses.
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2. Experimental

The standard SIFT technique has been described in nu-
merous publications[1–3,12,34]so it is sufficient here to
summarise it as follows. The precursor ions H3O+, NO+
and O2

+• are generated in a discharge ion source, mass se-
lected by a quadrupole mass filter and then injected as se-
lected ionic species into fast-flowing helium carrier gas in a
flow tube. All the reactant compounds included in this study
are either liquids or low melting point solids at room tem-
perature. Their vapours (above the liquid or solid) supported
in dry air in a sealable plastic bag are then introduced at
controlled flow rates into the ion swarm/carrier gas by punc-
turing the bag with a hypodermic needle connected to the
inlet port of the SIFT instrument. The loss rates of the pre-
cursor ions and the resulting product ions are determined
by a downstream quadrupole mass spectrometer. This can
be operated either in the full scan mode (FSM) over a pre-
determinedm/z range to obtain a spectrum of the reactant
and product ions or in the multi-ion mode (MIM) in which
the spectrometer is switched and dwells on selected reac-
tant/product ions as their count rates are determined[2]. The
FSM is primarily used to identify the product ions of the reac-
tions and the MIM is used to accurately determine product ion
distributions.
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of these reactions, because in SIFT-MS analyses any hydrates
must be included in the product ion sum to obtain accurate
analyses[37]. We pay some attention to the formation of these
hydrates in the discussion that follows.

As always, to prevent condensation of water vapour and
the reactant compounds, the sample inlet lines are heated to
about 100◦C. All the present studies were carried out at a
helium carrier gas pressure of 100 Pa at room temperature
(296–300 K).

3. Results and discussion

The calculated collisional rate coefficients,kc, for
the H3O+, NO+ and O2

+• reactions together with the
experimentally-derived rate coefficients,k, for the NO+ and
O2

+• reactions and the percentage product distributions for
all 30 reactions are given inTable 1. As can be seen, thekval-
ues for the NO+ and O2

+• reactions are all very close to their
respectivekc values, which is beneficial for SIFT-MS analy-
ses of these compounds. We now discuss the product distri-
butions for the reactions of groups of similar compounds.

3.1. 2-Hydroxyphenol, 2-, 3-, 4-methylphenol and
4-ethylphenol
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Determination of the count rates of the precursor and p
ct ions allows the rate coefficients and the product ion

ributions to be deduced. The concentrations of the rea
ompound vapours in the dry air are unknown. So the
ive rate coefficients for the reactions of the three precu
on species with each compound are determined by me
ng the relative decay rates of the H3O+, NO+ and O2

+•
ons, simultaneously injected into the carrier gas, as the
ound/dry air sample flow rate is varied. The H3O+ reactions

nvariably proceed via exothermic proton transfer, which
nown to occur at their respective collisional rates, the
oefficients for which are calculable using the known[35]
or estimated) polarisabilities and dipole moments of th
ctant molecules[36]. Hence, from the relative decay ra
f the three injected ionic species the rate coefficients fo
O+ and O2

+• reactions can be determined. Details of
echnique have been given in several papers[12–18]. This
elative method has been used exclusively in these stud

Additionally, in order to support SIFT-MS analyses,
ate coefficients and the ion product distributions were d
ined under three different conditions: (i) using dry hel

arrier gas, i.e. with only the compound/dry air mixture en
ng the carrier gas; (ii) with laboratory air (relative humid
bout 1.5%) also introduced into the carrier gas at a flow

ypical of that used for SIFT-MS analyses of ambient air
xhaled breath (about 2 ml/s at standard atmospheric
ure[1]); and (iii) with humid air (relative humidity abo
%) introduced at this same flow rate obtained above li
ater held near 37◦C to simulate exhaled breath. These e
xperiments were carried out to study the influence of w
apour on the production of the hydrates of the product
The reactions of H3O+ with all five compounds (M), pro
eed via non-dissociative proton transfer producing only
rotonated parent molecule MH+ (as observed previously f

he phenol reaction[13]). The reaction of the methyl phen
somers proceed thus:

3O+ + HOC6H4CH3 → C7H9O+ + H2O (1)

t is well known that the OH group in phenols is acidic and
he carbon-oxygen bond is much stronger in phenols th
lcohols[38]. Thus, protonation most probably occurs on
romatic ring rather than on the OH group and so H2O elimi-
ation does not occur. This simplifies the analysis of t
ompounds using SIFT-MS. However, the present ex
ents showed that when water vapour is present in the h

arrier gas (as introduced in the humid sample to be analy
he monohydrate and sometimes much smaller fractio
he dihydrate of the MH+ product ions, viz. MH+(H2O)1,2
ons, appear. These can be formed in three-body assoc
eactions, thus:

H+ + H2O + He → MH+H2O + He (2)

hey may also be formed in ligand switching reactions o
ind:

3O+(H2O)n + M → MH+(H2O)n−1 + 2H2O (3)

here n is 1, 2 or 3. The hydrated hydronium ions
nevitably formed in the carrier gas when humid sam
uch as exhaled breath are introduced[37]. An interesting
oint is that the three protonated methylphenol isomers
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Table 1
Rate coefficients (k), and ion product percentages (in parentheses) for the reactions of H3O+, NO+ and O2

+ with the compounds indicated

Molecule �a 10−24 (cm3) µa (D) H3O+ NO+ O2
+

Product [kc] Product k [kc] Product k [kc]

2-Hydroxyphenol,C6H6O2 12± 2 1.5± 0.3 C6H6O2H+ (100) [2.7] C6H6O2
+ (100) 2.3 [2.3] C6H6O2

+ (100) 2.2 [2.2]
2-Methylphenol, C7H8O 13± 2 1.5± 0.3 C7H8OH+ (100) [2.8] C7H8O+ (100) 2.2 [2.3] C7H8O+ (100) 2.2 [2.3]
3-Methylphenol, C7H8O 13± 2 1.5± 0.3 C7H8OH+ (100) [2.8] C7H8O+ (100) 2.0 [2.3] C7H8O+ (100) 2.1 [2.3]
4-Methylphenol, C7H8O 13± 2 1.5± 0.3 C7H8OH+ (100) [2.8] C7H8O+ (100) 2.2 [2.3] C7H8O+ (100) 2.2 [2.3]
4-Ethylphenol, C8H10O 13± 2 1.5± 0.3 C8H10O+H (100) [2.8] C8H10O+(100) 2.4 [2.3] C7H7O+ (60) 2.4 [2.2]

C8H10O+ (40)
Phenylmethanol, C7H8O 13± 2 1.5± 0.3 C7H7

+ (100) [2.8] C7H7
+ (10) 2.3 [2.3] C6H7

+ (20), C7H7
+ (5) 2.3 [2.3]

C7H7O+ (40) C7H8
+ (5), C7H7O+ (25)

C7H8O+ (50) C7H8O+ (45)
2-Phenylethanol, C8H10O 15± 2 1.5± 0.3 C8H9

+ (100) [2.9] C8H9O+ (10) 2.3 [2.4] C7H7
+ (20), C7H8

+ (75) 2.4 [2.4]
C8H10O+ (90) C8H10O+ (5)

1-Phenylethanol, C8H10O 15± 2 1.5± 0.3 C8H9
+ (100) [2.9] C7H7

+(10), C8H9
+(40) 2.2 [2.4] C6H7

+ (5), C7H7
+ (20) 2.3 [2.4]

C8H10
+(30),C8H9O+(5) C7H6O+(20)

C8H10O+ (15) C8H9O+ (5)
1,4-Benzoquinone, C6H4O2 14.5 0 C6H4O2H+ (100) [2.2] NO+C6H4O2 (100) 1.2 [1.8] C5H4O+(20), C4H2O2

+ (5) 1.8 [1.8]
C6H4O2

+ (75)
Cyclohexanone, C6H10O 12± 2 2.8± 1 C6H

Note.: Collisional rate coefficients [kc], are given in square brackets. Thek and [k
a Estimated values of polarisability,α, and dipole moment,µ, are shown in i
3
9
(2
0
0
4
)
1
3
9
–
1
4
6

10OH+ (100) [4.0] C6H10O+ (35) 3.3 [3.3] C2H4
+ (5), C4H7

+ (5) 3.2 [3.2]
NO+C6H10O (65) C5H9

+ (10)
C5H7O+(5)

c] values are in units of 10−9 cm3 s−1.
talics. The single known value ofα is from reference[35].
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protonated ethylphenol clearly form a monohydrate, with the
dihydrate being barely discernible in the product ion spec-
trum, yet the protonated 2-hydroxyphenol clearly forms both
mono and dihydrate ions. As more water vapour is introduced,
the dihydrate becomes more abundant than the monohydrate
in the carrier gas. Regardless as to the formation route for
MH+(H2O)1,2 hydrates, they must be included in SIFT-MS
analyses as product ions[37].

The reaction of NO+ with all five compounds proceeds via
non-dissociative charge transfer producing the parent cations,
M+, thus:

NO+ + HOC6H4CH3 → C7H8O+• + NO• (4)

Obviously, the ionisation energies, IE, of all these compounds
must be lower than IE(NO) which is 9.26 eV[39]. The IE
values that are known are given inFig. 1. On addition of
humid air to the carrier gas the M+ ions are seen to form
monohydrates only, these becoming an increasing fraction
of the product ions as the water vapour in the carrier gas is
increased. We conclude that NO+ ions are also very useful
in the analysis of these compounds (see later).

The reactions of O2+• with these compounds are also rel-
atively simple. They proceeding via charge transfer that is
non-dissociative forming only the parent cation like reaction
(4) that is except for the 4-ethylphenol, which results in two
p
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except for the NO+ reaction with 2-phenylethanol, which re-
sults mostly in the parent cation. This means that the IE of 2-
phenylethanol is less than IE(NO), i.e. 9.26 eV. Since the reac-
tions of NO+ with both phenylmethanol and 1-phenylethanol
result in a fraction of their parent cations, this also indicates
that the IE values of these compounds also are less than or
very close to 9.26 eV. Inspection ofTable 1shows that several
well-known reaction mechanisms are occurring in parallel as,
for example, in the phenylmethanol reaction:

NO+ + C6H5CH2OH → C7H8O+• + NO• (7a)

NO+ + C6H5CH2OH → C7H7O+ + HNO (7b)

NO+ + C6H5CH2OH → C7H7
+ + HNO2 (7c)

Thus, reaction(7a) is charge (electron) transfer,(7b) is hy-
dride ion (H−) transfer and(7c)is hydroxide ion (OH−) trans-
fer. There are numerous examples of the occurrence of these
reaction processes in NO+ reactions with several types of or-
ganic compounds[12–18]. The relative complexities of these
ion chemistries make NO+ and O2

+• unlikely precursor ions
for analysis of these compounds.

3.3. 1,4-Benzoquinone and cyclohexanone

The reactions of H3O+ with these compounds proceed via
direct proton transfer producing only the protonated parent
m es
i tes.
T ese
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k
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f

is-
c n
w om-
i ne
a ge
t y via
f
i ar
t
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roduct ions, thus:

2
+• + HOC6H4C2H5 → C8H10O

+• + O2 (5a)

2
+• + HOC6H4C2H5 → C7H7O+ + CH3

• + O2 (5b)

t is most likely that reaction(5b) involves the loss of CH3•
rom the ethyl group. The product ions of each of these r
ions form monohydrates only, including both product ion
eaction (5). This relatively simple ion chemistry also allo
2
+• to be used as the precursor ion for SIFT-MS anal

f these compounds.

.2. 1-Phenylmethanol, 1- and 2-phenylethanol

The reactions of these three alcohols with H3O+ proceed
ia exothermic proton transfer to produce the excited (MH+)*

ascent ions, which then dissociate losing an H2O molecule
eaving the hydrocarbon ion, e.g.:

3O+ + C6H5CH2OH → C7H7
+ + H2O + H2O (6)

he stable protonated molecules, MH+ are not seen at all, in
icating that H2O loss is spontaneous. However, when w
apour is introduced into the carrier gas, both the mon
rate and dihydrate ions of MH+ are seen. These must

ormed from the H3O+(H2O)1,2,3 ions by switching reac
ions of the kind indicated by reaction(3). The higher orde
ater clusters H3O+(H2O)2,3 become more abundant in t
arrier gas as the water vapour increases as do the dihy
f the MH+ ions.

As can be seen inTable 1, the NO+ and O2
+• reactions

ith these molecules result in three or more product
s

olecules, MH+, which efficiently form their monohydrat
n the presence of water vapour, but little or no dihydra
he formation of the monohydrates is so efficient that th
H+H2O ions represent more than 90% of the product

pectrum when laboratory air is introduced into the he
arrier gas. This behaviour is reminiscent of that of proton
etones that efficiently form monohydrates[28,40]. Clearly,
he presence of only small amounts of water vapour influe
he product ion distribution when H3O+ is used to analys
hese types of compounds, but this can readily be acco
or in SIFT-MS analyses[37].

The reactions of NO+ with these compounds is remin
ent of the well-understood NO+/ketone ion chemistry i
hich adduct formation and charge transfer are the d

nant processes[14,20]. Since the IE of 1,4-benzoquino
t a value of 10.0 eV[39] is greater than IE(NO), char

ransfer cannot occur and this reaction proceeds onl
ast (k∼ 2/3kc) three-body association forming NO+C6H4O2
ons (seeTable 1). The efficiency of this reaction, simil
o the efficiency of the association of NO+ with aliphatic
etones[28], indicates that the binding energy of NO+ to
6H4O2 is relatively large and that the lifetime of the nasc

eaction complex is long with respect to the collisional
uency of ions with atoms of helium carrier gas. Howe

he proximity of the IE of cyclohexanone (=9.16 eV;[39]) to
E(NO) allows for parallel charge transfer and associatio
ccur, thus:
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Fig. 2. FSM spectra obtained using (a) H3O+ precursor ions and (b) NO+ precursor ions when a mixture of the vapours of the indicated compounds in dry air
is flowed into the helium carrier gas. The numbers in parentheses are their concentrations in parts per billion as derived from MIM data for the same mixture
(see the text). The ions indicated by H in panel (a) are the monohydrates of the ions atm/zvalues of 99 and 109.

Clearly, the efficiency of adduct formation as indicated
by reaction (8b) is dependent on the helium carrier gas
pressure. At the pressure of 100 Pa at which these experi-
ments were performed, adduct formation is the dominant pro-
cess (seeTable 1). The importance of the energy decrement
(IE(M) − IE(NO)) in determining the relative importance of
charge transfer and adduct formation in NO+/ketone reac-
tions has been discussed in detail in a recent paper[28]. NO+
is a useful precursor ion for SIFT-MS analyses of ketones and
also quinones.

Again, the O2
+• charge transfer reactions with these com-

pounds result in multiple product ions, especially so for
the vulnerable cyclohexanone structure. The product ions so
formed are also seen on their 70 eV electron impact mass
spectra that are readily available in the NIST database[41].

3.4. Sample analyses using H3O+ and NO+ precursor
ions simultaneously

To demonstrate the power of SIFT-MS using both H3O+
and NO+ precursor ions in combination for the analysis of
a given air sample, we carried out the following experiment.
Small amounts of 2-methylphenol and 1,4-benzoquinone
(both solids at room temperature) and phenylmethanol, 2-
phenylethanol and cyclohexanone (all liquids) were intro-
d with

dry cylinder air. These five compounds were chosen from
the ten because they all have appreciable vapour pressures
at room temperature. The air/vapour mixture was then intro-
duced into the carrier gas of the SIFT-MS instrument and
FSM spectra were obtained using both H3O+ and NO+ pre-
cursor ions. These spectra are shown inFig. 2. MIM data
of the observed precursor and product ions were also ob-
tained on the same mixture in order to obtain reliable quan-
tification of the relative partial vapour pressures of the in-
dividual compounds. The partial pressures given inFig. 2
were obtained using the rate coefficients and product ion dis-
tributions for the individual reactions as given inTable 1.
Three of the five compounds, M, are unambiguously iden-
tified using H3O+ ions, these being the cyclohexanone and
2-phenylethanol (MH+ atm/z values of 99 and 105, respec-
tively) and phenylmethanol ((MH-H2O)+ atm/zof 91). How-
ever, both the 2-methylphenol and 1,4-benzoquinone (having
a common molecular weight of 108 Da) produce MH+ ions
at the samem/z value of 109 and so only the sum of their
partial pressures can be obtained.

This dilemma can be resolved using NO+ precursor ions.
2-Methylphenol and 1,4-benzoquinone react differently with
NO+ ions, the 2-methylphenol undergoes charge transfer pro-
ducing M+• only atm/z of 108, whereas 1,4-benzoquinone
reacts to form only the adduct ion NO+M at m/zof 138. Of
t anol
uced into a sealed plastic bag, which was then inflated
 he other three compounds in the mixture, 2-phenyleth
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produces mostly M+• ions atm/zof 122, phenylmethanol un-
dergoes dissociative charge transfer and cyclohexanone un-
dergoes parallel association and charge transfer. Hence, these
reactions result in the multiple products given inTable 1.
However, these three compounds can be quantified using
one of their product ions and the appropriate scaling factors
(branching ratios).

4. Concluding remarks

The kinetic data obtained by this SIFT study has extended
the SIFT-MS database to include some phenols and phenyl
alcohols. It has also clearly demonstrated that for three phenyl
alcohols, proton transfer results predominantly in dissocia-
tion of the protonated parent compounds. This is well known
to occur for most aliphatic alcohols[13] and now it is seen
to be so for these phenyl alcohols. Obviously, this must be
appreciated when attempting to analyse air containing these
compounds using proton transfer reaction as is used for PTR-
MS[23,32]and for SIFT-MS[1–3]when using H3O+ precur-
sors. This study also demonstrates the value of charge transfer
reactions and association reactions using NO+ precursor ions
for trace gas analysis.

Many compounds in air samples can be analysed to good
p
s ple
a mes
u n to
a h can
r ers
(
u .
I s
[

A

lp
w cial
s earch
C rant
A 827
a

R

96)

es
etry,
2092
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[16] P. Špaňel, D. Smith, Int. J. Mass Spectrom. 176 (1998) 203.
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