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This study compares the performances of two mass spectrometric ionization techniques, i.e. fast atom
bombardment (FAB) and ion spray ionization (ISI), in the simultaneous quantitation of dodecyl-,
tetradecyl- and hexadecyltrimethylammonium halides in agueous media. Continuous flow FAB and flow
injection analysis (FIA)-ISI, both in selected ion monitoring and selected reaction monitoring modes, were
evaluated. Quantitation was performed by dilution with deuterium labelled homologues synthesized by a
simple procedure. A comparison of the data indicated FIA-ISI as the more sensitive (limit of detection =10
ppb). Good linearity, precision and accuracy were obtained by the tested techniques in the concentration
range 0.125-4.0 nguL . Hair softeners, commercial surfactant mixtures and hematology lysing reagents
were used as test samples) 1998 John Wiley & Sons, Ltd.
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Alkyltrimethylammonium compounds are widely employed between selected ion monitoring (SIM) in single MS mode
in many industrial applications and pharmaceutical and and selected reaction monitoring (SRM) in MS/MS mode.
cosmetic preparations as softeners, antistatics, bactericides
and also for the formulation of reagent solutions to be
employed in instrumental blood analysis. EXPERIMENTAL

We report here a study aiming to define a direct, rapid and
sensitive mass spectrometric procedure that can simulta-
neously quantity dodecyl-, tetradecyl- and hexadecyl Unlabelled DTA-Br, TTA-Br and HTA-Br were purchased
trimethylammonium halides (DTA, TTA and HTA, respec- from Sigma-Aldrich (Milan, Italy); N,N,N-trimethyl-d9
tively) in agueous media. Both continuous flow fast atom labelled analogues were synthesized as previously de-
bombardment (CF-FAB) and ion spray ionization (ISI) were scribed® Arquad MC-50, obtained from Akzo Chemicals
considered as the mass spectrometric ionization techniquegAmersfoort, The Netherlands), is a 50% w/w mixture of
of choice for compounds existing as pre-formed ions. FAB- DTA-CI, TTA-CI and HTA-CI (68:29:3) in water:isopro-
MS and ISl-based analytical procedures appear well suitedpanol 1:1. The hematology lysing reagent solutions A-E
to analysis of quaternary ammonium s&ifsand competi- were commercial samples. The hair conditioners F and G,
tive with other procedurés® especially those involving UV selected as representative of complex matrix products, were
detection’ Moreover ISl a softer ionization technique, does purchased locally.
not usually yield any fragmentation so that the analysis of
quaternary ammonium ions can allow better sensiti¥ity. Equipment and operating conditions

We were interested in developing a method based on flow
injection analysis (FIA) in order to obtain rapid simulta- CF-FAB spectrometric measurements in positive ion mode
neous determination of the three analytes, without the use ofwere carried out using a 7070-E mass spectrometer (VG

any separation technique. Consequently, possible interfer-Analytical, Manchester, UK) equipped with a standard FAB
ences from the matrices or the background must be ion source and a computer system with a Teknivent Vector

minimized. For this reason when using ISI we tested Two interface. The CF-FAB system consisted of a home-
tandem mass spectrometry (MS/MS), making a comparisonmade probe, Rheodyne 7250 injector with ajlLanternal
loop (Rheodyne, CA, USA) and a fused-silica capillary
column (1 m; 5Qum i.d.). 0
*Correspondence to: S. A. Coran, Dipartimento Scienze Farma- Acetonltrlle:vyater:Z.,Z _'d.'th'Od'ethano}: oxalic f.iud
ceutiche, Universitali Firenze, via G. Capponi 9, -50121 Firenze, ~Saturated solution(75:23:1:1) was used as the mobile phase
Italy. and delivered by a Kontron Micropump (Kontron Instru-

Materials
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Figure 1. ISI-MS/MS (product ion spectra) of dodecyltrimethyl
ammoniumion (a) andits nonadeuteratednalog(b).

merts, Milan, Italy) at a flow rate of 2-3uL min™*. A 7—
8 keV beamof xenonatomswasusedasthe primary beam.

lon spray measuementswere performed using a PE
Sciex API Ill Plus triple quadupole mas spectometer
(Sciex, Thornhil, Ontatio, Canada)equippedwith a Sciex
API source and articulated ion spray interface. The
expeimental condtions usedincluded: ion spray voltage
(ISV) 5500V, orifice voltage (OR) 60V; sekcted ion
monitoring, m/z 228.3,237.4,256.3,265.4,284.3,293.4;
200msdwdl time, total cycletime ~ 1.3s. SRM: 228.3-
60.1,237.4-69.1,256.3- 60.1,265.4-69.1, 284.4-60.1
and293.4- 69.1;dwdl time 200ms, total cycle time ~ 1.3
s; collision enegy 30eV, collision gas thickness (CGT)
230 x 10 molecues/cnt (CGT is definedasthe collision
gasdensty times the lengh of the collision cell, andgives
betterinformationonthecollisioncondtionswith respectto
the gaspressurg

The sanpleswereinjectedby FIA usinga Perkin-Emer
LC200 dual solventdelivery systemequippedwith a 7125
Rheodyneinjectorwith a4 uL loop. Themobile phasevasa

water. methaml (1:1) mixture flowing at 50 uL min™*.

Standard and samplepreparations

Three stock solutions, eachcontaining100ngpuL ~* of the
unlabelled target trimethylalkylanmonium cation, were
mack by dissolving accuragly weighed amountsof each
trimethylalkylammonium bromide (DTA-Br 13.509mg,
TTA-Br 13.125mg and HTA-Br 12.817mg) in water:
metham! (1:1), in 100mL volumetric flasks. Similarly,
three stok internal standad soluions, each containing
100nguL ' of the correspading labdled cafon, were
prepaed by weighing DTAdy-Br 13.376 mg TTAdg-Br
13.09 mg and HTAdg-Br 12.730mg. Stock sanple solu-
tions wereobtainel by diluting the commercial produds in
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Figure 2. MS and reconstructedVS spectraof a standardmixture
containing dodecyltrimethyl ammonium, tetradecyltrimetiglammo-
nium, hexadecyltrimethyammoniumbromidesandtheir nonadeuter-
atedanalogs(a) SingleMS, full scanmode (b) singleMS, SIM mode;
(c) tandemMS, SRM mode.

water:mehanol(1:1) asfollows: ArquadMC-50, 504.0mg
to 50mL; lysing reagentoluions A—E, 5.0mL to 100mL;
hair condtioners FG, 250.0mg to 50mL.

Calibrati on and assay

500uL of each labdled surfacant stok soluion were
mixed in a 25mL volumetric flask and diluted with
water:mehanol(1:1)to obtainaninternal stardardworking
solution containing2 nguL ~* of eachTMACd, cation. A
similarly preparedworking soluion with each analte
concentation of 8nguL ~* was usedto obtdn, by serial
dilution, six solutions (8.0,4.0,2.0,1.0,0.5,0.25nguL %).

To a seriesof vials, eachcontairing 100puL of interral
standardvorking solution, equalamaunts(100uL) of thesix
solutions were added, thus obtaining six calibration
solutions each containing 1 nguL ~* of interral standard
and4.0,2.0,1.0,0.5,0.25 and0.125ng uL ~* of chemial
standardrespectivey. Commecial and simulated samples
were assged by mixing 100uL of opportundéy diluted
stock sample soluions with 100uL of internal standrd
working solution.Threeinjectionsweremadefor eachpoint
of the calibration curves,as well as for analsis of each
sample.

RESULTS AND DISCUSSION

CF-FAB spectraexhibit, togethe with a prominent cation
peak, minor fragment ions not exceedig 3-5% relatve
abundane. The most important of these fragmentions

© 1998JohnWiley & Sons,Ltd.
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Table 1. Calibration parameters (linear regression)

TMAAC Correlation

Cation Technique coefficient Slope Intercept

DTA CF-FAB 0.9967 1.242 0.133
ISI-SIM 0.9970 0.912 0.127
ISI-SRM 0.9957 0.550 0.024

TTA CF-FAB 0.9937 1.488 0.141
ISI-SIM 0.9971 0.945 0.129
ISI-SRM 0.9968 0.668 0.022

HTA CF-FAB 0.9961 1.406 0.111
ISI-SIM 0.9987 1.000 0.073
ISI-SRM 0.9976 0.759 0.013

correspads to the neutal loss of methame and therebre
doesnot interfere with the simultaneousdetermiration of
the lower homdogues. It is worth noting that, under the
CF-FAB condtions used,neithercluste ionsnor extensve
fragmentation are obseved®® Moreover discrimination
effects previously obseved in analyshg mixtures of
homdoguesby static FAB,*? were not found.

ISI spectraof the title compounds are very simple,
consising essentidyy of only the molecuar cation peak
without any fragmentaion. The spectraof thetitle mixtures
areconsguenty free of mutualinterferencesHoweve, the
relatve responsefactors for equimolarconcentations are
quitedifferent(DTA : TTA : HTA =1: 0.65: 0.45,for both
unlabelledandlabelledcompounds

On the other hand, a backgound ion at m/z 237
interfefing with the DTAdy measuementmotivated us to
the useof MS/MS, evenif the othe cationscanbe reliably
deternined.As anexampég, the MS/MS production spectra
of DTA andDTAdg arereportedn Fig. 1, showingasimple
fragmentationpatten consising mainly of trimethylanmo-
niumionsatm/z60and69, resgectivdy. Alkyl fragmentsat
m/z29,43,57 and85 arealsopresenin lower abundaces.

Table 2. Precisionand recovery of TMAAC theoretical spike

TMAAC  Added(ng/uL) Found(ngiuL) Recovery(%) CV (%) Technique
DTA 0.50 0.54 109.2 3.42 CF-FAB
0.56 111.3 1.04 ISI-SIM

0.38 76.0 2.60 ISI-SRM

1.00 0.98 97.9 2.54 CF-FAB

1.27 127.3 0.91 ISI-SIM

0.87 87.0 1.15 ISI-SRM

TTA 0.50 0.42 83.8 1.62 CF-FAB
0.52 104.0 0.00 ISI-SIM

0.44 88.0 2.27 ISI-SRM

1.00 1.01 101.3 5.99 CF-FAB

1.21 120.7 0.48 ISI-SIM

0.98 98.0 0.00 ISI-SRM

HTA 0.50 0.49 97.4 4.96 CF-FAB
0.50 100.7 2.29 ISI-SIM

0.42 84.0 0.00 ISI-SRM

1.00 1.02 102.5 1.99 CF-FAB

1.15 115.3 2.18 ISI-SIM

1.01 101.0 0.02 ISI-SRM

The higher homologues TTA, HTA, TTAdy and HTAdg
behavesimilarly.

The quantitaton was performed by SRM of the
trimethylamnonium ion formaton (m/z 228 -60 for
DTA; 237 - 69 for DTAdy; 256 - 60 for TTA; 265 - 69
for TTAdg; 284 - 60 for HTA, and293 - 69 for HTAdy).
We did not observeany cross-tak effect potentially a
problem when monitoring a common fragmention from
differentprecusors,asillustratedin Fig. 2.

Both CF-FAB and Sl (both SIM and SRM) gavelinear
calibration curves of FIA peakarearatios (andyte:deutr-
ated standad) vs the corresponéhg concentrationratiosin
the 0.125-4.nguL ~* range. The calibration paraneters
arereportedin Table 1.

During the analysisof the sample we found that, even

Table 3. Comparison of the results afforded by the analytical techniquestested

DTA CcVv
Sample Technique (ngiuL) (%)
Lyse A CF-FAB 1.78 1.13
ISI-SIM 2.33 0.66
ISI-SRM 1.70 0.58
LyseB CF-FAB 1.84 1.32
ISI-SIM 1.93 0.30
ISI-SRM 1.44 0.58
LyseC CF-FAB 2.86 1.50
ISI-SIM 3.66 0.42
ISI-SRM 2.79 0.35
LyseD CF-FAB
ISI-SIM
ISI-SRM
LyseE CF-FAB 2.68 0.79
ISI-SIM 3.29 1.39
ISI-SRM 2.57 0.39
ArquadMC-50 CF-FAB 3.28 2.09
ISI-SIM 3.94 0.82
ISI-SRM 3.42 1.08
HairconditionerF CF-FAB
ISI-SIM
ISI-SRM
HairconditionerG CF-FAB
ISI-SIM
ISI-SRM

TTA Ccv HTA Cv
(ngul) (%) (ngiuL) (%)

0.32 3.24

0.31 0.00

0.32 3.12
0.10 1.78
0.07 7.87
0.10 5.0

151 3.7

3.11 1.03

1.60 0.62

0.23 1.87

0.19 0.00

0.22 4.54

1.04 6.08 0.14 3.19

1.69 0.34 0.15 3.77

1.52 0.66 0.18 3.15
121 1.90
1.02 2.48
0.94 1.08
0.12 2.56
0.10 5.59
0.14 7.14
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thouch the calibrafon curves were measued down to the
0.125nguL ! level, the real detectionand quanttation
limits appearedo be lower, asTMMA C concentationsof
the orderof 0.1nguL ~* could still be determired.

To assestheaccuacywe decidedo proceedby recovery
of theoreti@l spikefrom oneof the mostcomplexmatrices
examned, i.e. hair condtioner F. While no problemswere
encourterd with 1SI, CFFAB sufferad from interferences
presimably from some matrix component To overcone
this difficulty, the conmercial sanple Arquad MC-50 was
empoyedto testthe CF-FAB technique. The accuracyand
predsion dataaresummarzedin Table 2.

Two hair conditiones, five hematology lysing reagents
andthe Arquad MC-50 (a commercial surfactantmixture),
were employal astestsanples after apprgriate dilutions.
Theresultsrepotedin Table3, showa goodagreenentfor
the three instrumental approachs. Howeve, ISI-SRV
appeas to be the techniquie of choice due to the higher
sensitvity (LOD =10pgpL ) and specificity. Alterna-
tively, whenatriple quadrupoleor othes MS/MS instrument
is not available, satisfacbry resuts canalso be pursied by
theothe two techniquesprovidedthatspecificinterference
arenot present

In concluson, the presentprocedure allows the simulta-

Rapid Communiationsin MassSpectromgy, Vol. 12, 281-284(1998)

neous determiration of the title surfactans without any
complex sample pre-maniptation, in a very short time
averagimg two minutesper sanple.
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