Available online at www.sciencedirect.com

science (@horneer

ﬁ‘f G Mass Spectrometry
LSEVIER International Journal of Mass Spectrometry 239 (2004) 139-146

www.elsevier.com/locate/ijms

A selected ion flow tube study of the reactions afH, NO™ and Q**
with some phenols, phenyl alcohols and cyclic carbonyl compounds in
support of SIFT-MS and PTR-MS

Tianshu Wan@, PatrikSparél®, David Smitl*

a |nstitute of Science and Technology in Medicine, School of Medicine, Keele University, Thornburrow Drive, Hartshill, Stoke-on-Trent ST4 7QB, UK
bv. Cermek Laboratory, J. Heyrovskinstitute of Physical Chemistry, Academy of Sciences of the Czech Republic,
Dolejskova 3, 18223, Prague 8, Czech Republic

Received 29 August 2003; accepted 20 July 2004
Available online 29 September 2004

Abstract

We have carried out a selected ion flow tube (SIFT) study of the reactiong@f ,HNO* and GQ** with the following 10 compounds:
2-hydroxyphenol, 2-, 3- and 4-methylphenot,(m- andp-cresol, respectively), 4-ethylphenol, 1-phenylmethanol (benzyl alcohol), 1- and
2-phenylethanol, 1,4-benzoquinone and cyclohexanone. The primary purpose of this work was to extend the kinetics database to allow these
compounds (M), to be analysed in air by selected ion flow tube mass spectrometry (SIFT-MS). The initial step in Zll'theddtions is
exothermic proton transfer to produce Mtbns, which are observed as the only products for seven of the ten reactions, but for the three
aromatic alcohols, $O molecule elimination occurred from the nascent Midns producing the corresponding hydrocarbon ion. This is an
essential point to recognise when exploiting proton transfer to analyse these compounds using SIFT-MS and proton transfer reaction mass
spectrometry, PTR-MS. NOreacts with six of the compounds via non-dissociative charge transfer producimgnsland this is a valuable
route to their analysis by SIFT-MS. In the case of the'{fiinone reaction, adduct formation occurs giving NDproduct ions, whilst for
the remaining three reactions two or more ion products were formed. All ffter€actions proceeded via charge transfer with multiple ion
products in most cases. A sample analysis is carried out to indicate the value of simultaneous use gdbathdNO" precursor ions to
analyse a mixture containing some of these compounds.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction ions for SIFT-MS analysefd—3], with a wide variety of or-
ganic and inorganic compounds at thermal energies using
Since the advent of selected ion flow tube mass spectrom-the selected ion flow tube meth¢dl-21] These in-depth
etry (SIFT-MS), which is an analytical method primarily in-  studies have not only provided the essential kinetics data for
tended for the real-time, on-line analysis of the trace gases onSIFT-MS, but also contributed to the body of knowledge on
air, and especially exhaled bredil+-4], and the headspace ion-molecule reaction processes. Thus, itis seenthatthe large
of biological liquids (uring5-8], blood, cell culturesinvitro  fraction of reactions of BO™ with organic molecules pro-
[9,10]), a continuous effort has been made to build and extend ceeds rapidly via exothermic proton transf&f,12,22] a
the required kinetics database. This has involved the study offocus of this special issue. An exception to this trend is the
the rate coefficients and product ion distributions for the reac- reactions ofn-alkanes with HO™ in which the protonated
tions of kO™, NO™ and @™, the commonly used precursor n-alkanes are not observgl], presumably because the pro-
ton affinities (PA) of ther-alkanes are less than the PA of the
* Corresponding author. Tel.: +44 1782 555 228; fax: +44 1782 717 079, H20 molecule. This renders proton transfer endothermic at
E-mail addressd.smith@bemp.keele.ac.uk (D. Smith). the thermal energies (300 K) of most SIFT experiments. It is
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interesting to note that#0 reactions with the longer chain

istry [31]. Partial HO elimination also occurs when most

n-alkanes proceed via ion-molecule association producing aldehydes and carboxylic acids are protonated g9 Hand

H3O™/alkane adduct iong.7].

this must be taken into account for the accurate analyses of

Appreciation of these general trends is especially rele- these compounds in SIFT-MS analyses and other methods
vant to the proton transfer reaction mass spectrometry, PTR-that exploit proton transfer such as PTR-N&]. Where

MS, analytical techniqug3,24] where proton transfer from

doubt arises in the identification of these compounds using

H3O* occurs under supra thermal conditions in a drift tube. H3O™ precursor ions, NO precursor ions can additionally
Thus, the small amounts of additional energy involved in the be used for SIFT-MS analyses. These reactions largely pro-
HsO*/neutral interaction could seriously influence the kinet- ceed via hydride ion transfer (aliphatic alcoh§ls] and

ics of those reactions that are close to thermoneutral such agldehydeg§14]), hydroxide ion transfer and parallel associa-

the reactions of 5O™ with formaldehyddg6,25] and hydro-
gen sulphidg26].

A special feature of SIFT-MS is the facility to rapidly
switch between the $0™, NO™ and Q** precursor ions,

tion (carboxylic acid§15]) and association (ketonfist,20])).

The reactions of these compounds with the more energetic
O, precursor ions usually results in multiple product ions
[13-15] especially for the longer chain compounds, and this

which allows the analysis of a given gas mixture, including means that @"* is not a very useful precursor ion for their
exhaled breath, by all three ions effectively simultaneously. analyses in mixtures, but can be used to identify individual
This allows species to be analysed that are not accessiblecompounds according to their characteristic fragmentation
using HO™ ions, especially small inorganic molecules such patterns.
as NO and NQ@that are well analysed using® precursor To date, we carried out few studies of the reactions of
ions[27]. Further to this, the parallel analysis of mixtureswith aromatic compounds with 30%, NO™ and Q** (except
two or three of the precursor ions provides important checks hydrocarbon§l7]), principally because they are not so obvi-
on the proper identification and quantification of compounds ously present in exhaled breath or above urine and blood.
within the mixture[12]. However, it has recently been indicated tigatresol, or
Much effort has been made to obtain a thorough under- 4-methylphenol, exists in the serum of patients with kid-
standing of the reactions of the precursor ions with the ubig- ney diseasg¢33]. So we have initiated a study of the ion
uitous aliphatic (open chain) oxygen containing organic com- chemistry of aromatic hydroxy and carbonyl compounds
pounds, especially alcohdl$3], aldehyde$14], carboxylic in order to expand our kinetics database. Thus, in this pa-
acidg15] and ketonefl 4,28]. The kinetics database forthese per, we report the results of a SIFT study of the reactions
compounds is now quite extensive, but it is being extended of H3O*, NO* and G** with the compounds given in
as and when requirg@9,30] The SIFT studies reveal that, Fig. 1, viz. 2-hydroxyphenol, 2-, 3- and 4-methylphenol, 4-
except for methanol and ethanol, protonation of the alcohols ethylphenol, 1-phenylmethanol, 1- and 2-phenylethanol, 1,4-
in the HgO™/aliphatic monoalcohol reactions results in the benzoquinone and cyclohexanone. The ion chemistries of
elimination of an HO molecule from the nascent protonated other isomers of these compounds were not studied because
alcohol and the production of the corresponding hydrocarbon they are solids having prohibitively low vapour pressures. We
ion [13]. Similarly, protonation of diols results inJ® elim- also show SIFT-MS spectra for a mixture of some of these
ination, but in this case the product ion obviously retains an compounds in order to illustrate some major features of their
oxygen atom, which influences their subsequent ion chem-analyses.
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Fig. 1. The structures of the compounds involved in this study. The ionisation energies (IE), when known, are also[B@juded
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2. Experimental of these reactions, because in SIFT-MS analyses any hydrates
must be included in the product ion sum to obtain accurate

The standard SIFT technique has been described in nu-analyse§37]. We pay some attention to the formation of these

merous publication$1-3,12,34]so it is sufficient here to  hydrates in the discussion that follows.

summarise it as follows. The precursor iong@t, NO* As always, to prevent condensation of water vapour and

and G** are generated in a discharge ion source, mass sethe reactant compounds, the sample inlet lines are heated to

lected by a quadrupole mass filter and then injected as se-about 100C. All the present studies were carried out at a

lected ionic species into fast-flowing helium carrier gas in a helium carrier gas pressure of 100 Pa at room temperature

flow tube. All the reactant compounds included in this study (296-300K).

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 3. Results and discussion

controlled flow rates into the ion swarm/carrier gas by punc-

turing the bag with a hypodermic needle connected to the  The calculated collisional rate coefficient, for

inlet port of the SIFT instrument. The loss rates of the pre- the KO+, NOt and GQ** reactions together with the

cursor ions and the resulting product ions are determined experimentally-derived rate coefficienks for the NO™ and

by a downstream quadrupole mass spectrometer. This carp,** reactions and the percentage product distributions for

be operated either in the full scan mode (FSM) over a pre- || 30 reactions are given ifable 1 As can be seen, theval-

determinedm/z range to obtain a spectrum of the reactant yes forthe NG and Q1 reactions are all very close to their

and product ions or in the multi-ion mode (MIM) in which  respectivek; values, which is beneficial for SIFT-MS analy-

the spectrometer is switched and dwells on selected reac-ses of these compounds. We now discuss the product distri-

tant/product ions as their count rates are determjzpd he butions for the reactions of groups of similar compounds.
FSMis primarily used to identify the product ions of the reac-

tions and the MIM is used to accurately determine production 3 1 2-Hydroxyphenol, 2-, 3-, 4-methylphenol and
distributions. 4_ethy|pheno|

Determination of the count rates of the precursor and prod-
uct ions allows the rate coefficients and the production dis-  Tne reactions of O™ with all five compounds (M), pro-
tributions to be deduced. The concentrations of the reactantqed via non-dissociative proton transfer producing only the
compound vapours in the dry air are unknown. So the rela- protonated parent molecule MHas observed previously for

tive rate coefficients for the reactions of the three precursor the phenol reactioft.3]). The reaction of the methyl phenol
ion species with each compound are determined by measurisomers proceed thus:

ing the relative decay rates of thes®&", NO™ and GQ**
ions, simultaneously injected into the carrier gas, as the com-H3O" + HOCgH4CHz — C7HoO™ + H20 (1)
pound/dry air sample flow rate is varied. The®t reactions
invariably proceed via exothermic proton transfer, which are
known to occur at their respective collisional rates, the rate
coefficients for which are calculable using the kno[86]
(or estimated) polarisabilities and dipole moments of the re-
actant moleculef36]. Hence, from the relative decay rates
of the three injected ionic species the rate coefficients for the
NO* and Q** reactions can be determined. Details of this
technigue have been given in several pap&s-18] This
relative method has been used exclusively in these studies.
Additionally, in order to support SIFT-MS analyses, the
rate coefficients and the ion product distributions were deter-
mined under three different conditions: (i) using dry helium
carrier gas, i.e. with only the compound/dry air mixture enter- MH* + H,0 + He — MH1TH,0 + He 2)
ing the carrier gas; (ii) with laboratory air (relative humidity
about 1.5%) also introduced into the carrier gas at a flow rate They may also be formed in ligand switching reactions of the
typical of that used for SIFT-MS analyses of ambient air and kind:
exhaled breath (about 2ml/s at standard atmospheric pres-, ~+ +
sure[1]); and (iii) with humid air (relative humidity about H30™(H20), +M — MHT(H20), -, + 2H0 3)
6%) introduced at this same flow rate obtained above liquid wheren is 1, 2 or 3. The hydrated hydronium ions are
water held near 37C to simulate exhaled breath. These extra inevitably formed in the carrier gas when humid samples
experiments were carried out to study the influence of water such as exhaled breath are introdu¢gd]. An interesting
vapour on the production of the hydrates of the product ions point is that the three protonated methylphenol isomers and

Itis well known thatthe OH group in phenols is acidic and that
the carbon-oxygen bond is much stronger in phenols than in
alcoholq38]. Thus, protonation most probably occurs on the
aromatic ring rather than on the OH group and s®@Hlimi-
nation does not occur. This simplifies the analysis of these
compounds using SIFT-MS. However, the present experi-
ments showed that when water vapour is presentin the helium
carriergas (asintroduced in the humid sample to be analysed),
the monohydrate and sometimes much smaller fractions of
the dihydrate of the MH product ions, viz. MH (H20)1 2

ions, appear. These can be formed in three-body association
reactions, thus:



Table 1
Rate coefficientskj, and ion product percentages (in parentheses) for the reactiongdf, ilO* and QG+ with the compounds indicated
Molecule a?10-24 (cmP) 12 (D) HsOt NO*t Ot
Product kel Product k [ke] Product k [k
2-Hydroxyphenol,gHsO2 12+ 2 15+0.3 CgHgO2H™ (100) [2.7] GHgO2 ™ (100) 2.3[2.3] GHgO2™ (100) 2.2[2.2]
2-Methylphenol, GHgO 13+2 1.5+ 0.3 C7HgOH™ (100) [2.8] GHgO™ (100) 2.2[2.3] GHgO™ (100) 2.2[2.3]
3-Methylphenol, GHgO 13+ 2 15+0.3 C7HgOH™ (100) [2.8] GHgO™ (100) 2.0[2.3] GHgO™ (100) 2.1[2.3]
4-Methylphenol, GHgO 13+ 2 1.5+0.3 C7HgOH™ (100) [2.8] GHgO™ (100) 2.2[2.3] GHgO™ (100) 2.2[2.3]
4-Ethylphenol, GH100 13+ 2 15+0.3 CgH100™H (100) [2.8] GH100™(100) 2.412.3] GH7O™ (60) 2412.2]
CgH100™" (40)
Phenylmethanol, gHgO 13+ 2 15+0.3 C7H7™ (100) [2.8] GH7T (10) 2.3[2.3] GH7™ (20), GH;™ (5) 2.3[2.3]
C;H;0O* (40) C/Hg™ (5), C;H70™ (25)
C7HgO™ (50) C/HgO™ (45)
2-Phenylethanol, §H100 15+ 2 1.5+ 0.3 CgHg™ (100) [2.9] GHgO™ (10) 2.3[2.4] GH7* (20), GHg™ (75) 2.412.4]
CgH100™ (90) GgH100" (5)
1-Phenylethanol, gH100 15+ 2 1.5+ 0.3 CgHg™ (100) [2.9] GH71(10), GHg™*(40) 2.2[2.4] GH7 (5), GiH7T (20) 2.3[2.4]
CgH10™(30),GgHeO™ (5) CrHsO™(20)
CgH100" (15) GgHoO (5)
1,4-Benzoquinone, 140, 145 0 GH4O,H™T (100) [2.2] NO"CgH40; (100) 1.2[1.8] GH40%(20), GH20,™ (5) 1.8[1.8]
CeH4021 (75)
Cyclohexanone, §H100 12+ 2 28+1 CgH10OH™ (100) [4.0] GH100™ (35) 3.3[3.3] GH4™ (5), G4H7 T (5) 3.2[3.2]

NOTCgH100 (65)

GHo™ (10)
CsH70* (5)

Note: Collisional rate coefficient], are given in square brackets. Thand k] values are in units of 1 cm®s 1.
2 Estimated values of polarisability, and dipole momeny, are shown in italics. The single known valuecois from referencg35].
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protonated ethylphenol clearly form a monohydrate, with the except for the NG reaction with 2-phenylethanol, which re-
dihydrate being barely discernible in the product ion spec- sults mostly in the parent cation. This means that the IE of 2-
trum, yet the protonated 2-hydroxyphenol clearly forms both phenylethanolislessthan IE(NO),i.e.9.26 eV. Since the reac-
mono and dihydrate ions. As more water vapour is introduced, tions of NO" with both phenylmethanol and 1-phenylethanol
the dihydrate becomes more abundant than the monohydrateesult in a fraction of their parent cations, this also indicates
in the carrier gas. Regardless as to the formation route forthat the IE values of these compounds also are less than or
MH™*(H20); 2 hydrates, they must be included in SIFT-MS  very close to 9.26 eV. Inspection &ible 1shows that several
analyses as product iof37]. well-known reaction mechanisms are occurring in parallel as,

The reaction of NO with all five compounds proceedsvia  for example, in the phenylmethanol reaction:
non-dissociative charge transfer producing the parent cations,

M+, thus: NO* + CgHsCH,OH — C7HgO1* 4+ NO® (7a)
NO" + CgH5CH20H — C7H70" + HNO 7b
NO* + HOCgH4CHz — C7HgO™* + NO® @) | hrers R T (70)
NOT + CgHsCH20H — C7H7t + HNO; (7¢)

Obviously, the ionisation energies, IE, of allthese compounds
must be lower than IE(NO) which is 9.26 €89]. The IE Thus, reactior(7a) is charge (electron) transfdizb) is hy-
values that are known are given Fig. 1L On addition of  drideion (H")transferang7c)is hydroxide ion (OH ) trans-
humid air to the carrier gas the Mions are seen to form fer. There are numerous examples of the occurrence of these
monohydrates only, these becoming an increasing fractioneaction processes in NQeactions with several types of or-

of the product ions as the water vapour in the carrier gas is 9anic compoundgl2—18] The relative complexities of these
increased. We conclude that NGons are also very useful 10N chemistries make NOand Q** unlikely precursor ions

in the analysis of these compounds (see later). for analysis of these compounds.

The reactions of @"* 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
product ions, thus:

3.3. 1,4-Benzoquinone and cyclohexanone

The reactions of O™ with these compounds proceed via
direct proton transfer producing only the protonated parent
molecules, MH, which efficiently form their monohydrates
O2"* + HOCsH4C2Hs — CgH100™* + O (5a) in the presence of water vapour, but little or no dihydrates.

R . The formation of the monohydrates is so efficient that these
02"* +HOCeHCoHs — C7H7O™ + CHs* +0; (D) MHTH,0 ions represent more than 90% of the product ion
It is most likely that reactioif5b) involves the loss of CgP spectrum when laboratory air is introduced into the helium
from the ethyl group. The product ions of each of these reac- carrier gas. This behaviouris reminiscent of that of protonated
tions form monohydrates only, including both productions of ketones that efficiently form monohydraf@s,40]. Clearly,
reaction (5). This relatively simple ion chemistry also allows the presence of only small amounts of water vapour influences
O,** to be used as the precursor ion for SIFT-MS analyses the product ion distribution when4®™ is used to analyse

of these compounds. these types of compounds, but this can readily be accounted
for in SIFT-MS analysef37].
3.2. 1-Phenylmethanol, 1- and 2-phenylethanol The reactions of NO with these compounds is reminis-

cent of the well-understood NGketone ion chemistry in
The reactions of these three alcohols wit§OF proceed which adduct formation and charge transfer are the dom-

via exothermic proton transfer to produce the excited (NH inant processefl4,20] Since the IE of 1,4-benzoquinone
nascent ions, which then dissociate losing a®Hnolecule at a value of 10.0e\39] is greater than IE(NO), charge
leaving the hydrocarbon ion, e.g.: transfer cannot occur and this reaction proceeds only via

n n fast k ~ 2/3k.) three-body association forming N@gH40;
H3O™ + CeHsCH0H — C7H7™ + H20 + H20 © ions (seeTable 1. The efficiency of this reaction, similar
The stable protonated molecules, Midre not seen at all, in-  to the efficiency of the association of NQwith aliphatic
dicating that HO loss is spontaneous. However, when water ketones[28], indicates that the binding energy of NQo
vapour is introduced into the carrier gas, both the monohy- CeH4O2 is relatively large and that the lifetime of the nascent
drate and dihydrate ions of MHare seen. These must be reaction complex is long with respect to the collisional fre-
formed from the HO™(H20)y 2,3 ions by switching reac-  quency of ions with atoms of helium carrier gas. However,
tions of the kind indicated by reactidB). The higher order  the proximity of the IE of cyclohexanone (=9.16 €89]) to
water clusters 5O+ (H20), 3 become more abundant in the IE(NO) allows for parallel charge transfer and association to
carrier gas as the water vapour increases as do the dihydrategccur, thus:
of the MH" ions. NO* + C6H;00 — (NO*CgH¢0)* — CsH;00** + NO* (8a)

As can be seen ifiable 1 the NO" and Q** reactions
with these molecules result in three or more product ions NO* + CsHig0 — (NO'CsH;90)* +He — NO*C¢H,00 + He  (8b)
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Fig. 2. FSM spectra obtained using (ag®i~ precursor ions and (b) NOprecursor 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 theissame mixt
(see the text). The ions indicated by H in panel (a) are the monohydrates of the mzyvalues of 99 and 109.

Clearly, the efficiency of adduct formation as indicated dry cylinder air. These five compounds were chosen from
by reaction (8b) is dependent on the helium carrier gas the ten because they all have appreciable vapour pressures
pressure. At the pressure of 100 Pa at which these experi-at room temperature. The air/vapour mixture was then intro-
ments were performed, adduct formation is the dominant pro- duced into the carrier gas of the SIFT-MS instrument and
cess (sed@able 1. The importance of the energy decrement FSM spectra were obtained using botsd+ and NO™ pre-
(IE(M) — IE(NQ)) in determining the relative importance of cursor ions. These spectra are showrFig. 2 MIM data
charge transfer and adduct formation in Nfetone reac-  of the observed precursor and product ions were also ob-

tions has been discussed in detail in a recent pggrNO™ tained on the same mixture in order to obtain reliable quan-
is a useful precursor ion for SIFT-MS analyses of ketones andtification of the relative partial vapour pressures of the in-
also quinones. dividual compounds. The partial pressures giverkig. 2

Again, the @** charge transfer reactions with these com- were obtained using the rate coefficients and product ion dis-
pounds result in multiple product ions, especially so for tributions for the individual reactions as given Table 1
the vulnerable cyclohexanone structure. The product ions soThree of the five compounds, M, are unambiguously iden-
formed are also seen on their 70eV electron impact masstified using O™ ions, these being the cyclohexanone and
spectra that are readily available in the NIST datalpase 2-phenylethanol (MFi atm/z values of 99 and 105, respec-
tively) and phenylmethanol (MH-$0)* atm/zof 91). How-

3.4. Sample analyses using®™ and NO" precursor ever, both the 2-methylphenol and 1,4-benzoquinone (having
ions simultaneously a common molecular weight of 108 Da) produce Mitns
at the samen/z value of 109 and so only the sum of their
To demonstrate the power of SIFT-MS using botCH partial pressures can be obtained.

and NO precursor ions in combination for the analysis of This dilemma can be resolved using N@recursor ions.

a given air sample, we carried out the following experiment. 2-Methylphenol and 1,4-benzoquinone react differently with
Small amounts of 2-methylphenol and 1,4-benzoquinone NO™ ions, the 2-methylphenol undergoes charge transfer pro-
(both solids at room temperature) and phenylmethanol, 2-ducing M™* only atnvz of 108, whereas 1,4-benzoquinone
phenylethanol and cyclohexanone (all liquids) were intro- reacts to form only the adduct ion N® at m/z of 138. Of
duced into a sealed plastic bag, which was then inflated with the other three compounds in the mixture, 2-phenylethanol



T. Wang et al. / International Journal of Mass Spectrometry 239 (2004) 139-146 145

produces mostly M*® ions atm/zof 122, phenylmethanol un- [4] S. Davies, PSparél, D. Smith, Kidney Int. 52 (1997) 223.

dergoes dissociative charge transfer and cyclohexanone un-[l ';Spafe'v DM Sm'tshy TA. H°ﬂ§”f1’g\gvgﬂ 254”96”’ J.B. Elder, Rapid
Tt ommun. Mass Spectrom. .

dergqes pal’allTl ?Ssﬁmatloln.a;’]d charge trar.‘Sfer_'rHﬁnce’ thes%] P. Sparel, D. Smith, T.A. Holland, W. Al Singary, J.B. Elder, Rapid

reactions result in the multiple products given |ap_e 1 _ Commun. Mass Spectrom. 13 (1999) 1354.

However, these three compounds can be quantified using [7] A.M. Diskin, P. Spa®l, D. Smith, Physiol. Meas. 24 (2003)

one of their product ions and the appropriate scaling factors ~ 191. 5
(branching ratios). [8] S.M. Abbott, J.B. Elder, PSparél, D. Smith, Int. J. Mass Spectrom.
228 (2003) 655 (H. Schwarz special issue).
[9] D. Smith, T.S. Wang, Péparél, Rapid Commun. Mass Spectrom.
16 (2002) 69.
4. Concluding remarks [10] D. Smith, T.S. Wang, J. Sule-Suso, @parél, A. El Haj, Rapid
Commun. Mass Spectrom. 17 (2003) 845.

A . . 11] P. Sparél, M. Pavlik, D. Smith, Int. J. Mass Spectrom. lon Processes
The kinetic data obtained by this SIFT study has extended ™ 145p(1995) 177. P

the SIFT-MS database to include some phenols and phenyf12] D. Smith, A.M. Diskin, Y.F. Ji, PSparl, Int. J. Mass Spectrom.
alcohols. Ithas also clearly demonstrated that for three phenyl 209 (2001) 81.
alcohols, proton transfer results predominantly in dissocia- [13] '(’1-939%";’2"75'3- Smith, Int. J. Mass Spectrom. lon Processes 167/168
tion of the prOtonate_d par.ent compounds. This IS_ We" known [14] P. Sparél, Y.F. Ji, D. Smith, Int. J. Mass Spectrom. lon Processes
to occur for most aliphatic alcoho[43] an_d now it is seen 165/166 (1997) 25.
to be so for these phenyl alcohols. Obviously, this must be [15] P. Sparél, D. Smith, Int. J. Mass Spectrom. lon Processes 172 (1998)
appreciated when attempting to analyse air containing these ~ 137. _
compounds using proton transfer reaction as is used for PTR-E?} g gpa’?:’ g- gm!g} :”: j mass gpecimm- 1;61" gggg; 503-
a _ . + _ . oparel, D. omitn, In - - ass opectrom. .
MS[23’32]and for SIFT-M31-3]when using HO™ precur [18] T.S. Wang, D. Smith, PSparél, Int. J. Mass Spectrom. 228 (2003)
sors. This study also demonstrates the value of charge transfer = 117
reactions and association reactions using™b@ecursorions  [19] D.B. Milligan, P.F. Wilson, C.G. Freeman, M. Meot-Ner, M.J. McE-
for trace gas analysis. wan, J. Phys. Chem. A 106 (2002) 9745. 5
Many compounds in air samples can be analysed to good[ZO] D.A. Fairley, D.B. Milligan, C.G. Freeman, M.J. McEwan,3parél,
‘s - : . + : D. Smith, Int. J. Mass Spectrom. 193 (1999) 35.
prec_|5|on by SIFT-MS using eitherg®™ or NO* precu_r [21] P.F. Wilson, C.G. Freeman, M.J. McEwan, Int. J. Mass Spectrom.
sor ions[12]. However, we have demonstrated by a simple 229 (2003) 143.
analysis of an air/compound mixture that it is sometimes [22] G. Bouchoux, J.Y. Salpin, D. Leblanc, Int. J. Mass Spectrom. lon
useful to use both these precursor ions in combination to Processes 153 (1996) 37.
ana|yse a given sample. In some cases, this approach caf3l A. Hansel, A. Jordan, R. Holzinger, P. Prazeller, W. Vogel, W.

resolve ambiguities resulting from the presence of isomers ~ Lindinger, Int. J. Mass Spectrom. lon Processes 149/150 (1995)

. . . 609.

(and the I'ke)_that ':eSUIt in product ions at the vaal' [24] A. Hansel, A. Jordan, C. Warneke, R. Holzinger, A. Wisthaler, W.
ues when using either4®* or NOT™ precursor ions only. Lindinger, Plasma Sources Sci. Technol. 8 (1999) 332.
In some cases it is helpful also to use™Oprecursor ions  [25] A. Hansel, W. Singer, A. Wisthaler, M. Schwarzmann, W. Lindinger,
[12]_ Int. J. Mass Spectrom. lon Processes 167/168 (1998) 697.

[26] P. Sparél, D. Smith, Rapid Commun. Mass Spectrom. 14 (2000)

1136.

[27] P. éparél, D. Smith, Rapid Commun. Mass Spectrom. 14 (2000)

Acknowledgements 646.

[28] D. Smith, T.S. Wang, Péparél, Rapid Commun. Mass Spectrom.
o i 17 (2003) 2655.
~We thank Ann Diskin and Edward Hall for their help [2q] 1.5, wang, PSparél, D. Smith, Int. J. Mass Spectrom. 228 (2003)
with the experiments. We gratefully acknowledge financial 117. 5
support by the Engineering and Physical Sciences Researclfi30] D. Smith, T.S. Wang, FSparél, Int. J. Mass Spectrom. 230 (2003)
Council, UK (grant reference GR/M89195/01) and the Grant 1

Agency of the Czech Republic (project numbers 202/03/0827 21 ;;paré" T:S. Wang, D. Smith, Int. J. Mass Spectrom. 218 (2002)

and 203/02/0737). [32] C. Warneke, J. Kuczynski, A. Hansel, A. Jordan, W. Vogel, A.
Lindinger, Int. J. Mass Spectrom. lon Processes 154 (1996) 61.
[33] R. De Smet, F. David, P. Sandra, J. Van Kaer, G. Lesaffer, A. Dhondt,
N. Lameire, R. Vanholder, Clin. Chim. Acta 278 (1998) 1.
References [34] D. Smith, N.G. Adams, in: M.T. Bowers (Ed.), Gas-Phase lon Chem-
istry, vol. 1, Academic Press, New York, 1979, p. 1.
[1] D. Smith, P. éparél, Rapid Commun. Mass Spectrom. 10 (1996) [35] D.R. Lide (Ed.), CRC Handbook of Chemistry and Physics, CRC,

1183. Boca Raton, FL, 1991.

[2] P. éparél, D. Smith, Med. Biol. Eng. Comput. 34 (1996) 409. [36] T. Su, W.J. Chesnavich, J. Chem. Phys. 76 (1982) 5183.

[3] D. Smith, P. Sparél, in: J. Lindon, G. Trantner, J. Holmes [37] P. éparél, D. Smith, Rapid Commun. Mass Spectrom. 14 (2000)
(Eds.), Encyclopedia of Spectroscopy and Spectrometry, 1898.

Mass Spectrometry, Academic Press, London, 1999, pp. 2092 [38] T.W.G. Solomons, Organic Chemistry, fifth ed., Wiley, New York,
(http://dx.doi.org/10.1006/rwsp.2000.0378 1992.


http://dx.doi.org/10.1006/rwsp.2000.0278

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

[39] S.G. Lias, in: W.G. Mallard, P.J. Linstrom (Eds.), lonization Energy [41] NIST Mass Spec Data Center, S.E. Stein, director, in P.J. Linstrom,
Evaluation in NIST Chemistry WebBook, NIST Standard Reference W.G. Mallard (Eds.), NIST Chemistry WebBook, NIST Standard
Database Number 69. Reference Database Number 69, National Institute of Standards and

[40] P. Sparél, D. Smith, J. Phys. Chem. 99 (1995) 15551. Technology, Gaithersburdhitp://webbook.nist.ggv


http://webbook.nist.gov

	A selected ion flow tube study of the reactions of H3O, NO and O2 with some phenols, phenyl alcohols and cyclic carbonyl compounds in support of SIFT MS and PTR MS
	Introduction
	Experimental
	Results and discussion
	2 Hydroxyphenol, 2, 3, 4 methylphenol and 4 ethylphenol
	1 Phenylmethanol, 1 and phenylethanol
	1,4 Benzoquinone and cyclohexanone
	Sample analyses using H3O and NO precursor ions simultaneously

	Concluding remarks
	Acknowledgements
	References


