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Abstract

This study deals with the secondary ion yield improvement induced by using Cso* primary ions instead of Ga* ones to characterize human hair
surfaces by ToF-SIMS. For that purpose, a bunch of hair fibres has been analysed with both ion sources. A high improvement is observed for the
detection of amino acids with Cgo* primary ions as compared to Ga™ ions. As an example, a yield enhancement factor greater than 3000 is found for
the CNO™ peak. A similar gain is observed for the positive secondary ions characteristic of the amino acids. Most of the atomic ions, such as Ca®,
O~ and S™, constitute minor peaks with Cg," ions while they often dominate the spectrum in the case of Ga* ions. However, with the Cgy" source, a
series of inorganic combination peaks with the elements Ca, S and O are observed in the positive spectra (i.e. HCaSO4"), while they are marginal
with the Ga* source. For the mass range beyond 100 m/z and in both polarities, the hair fingerprints are similar with both sources. In average, for a
comparable number of primary ions per spectrum, the Cg," ion source gives intensities between two and three orders of magnitude higher than the

Ga* one.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

It is well established that the uppermost hair surface, called
exocuticule, is mainly composed of lipids bonded to an
underlying layer of proteins ([1,2] and references therein). The
most abundant hair protein is keratin, which is known to be rich
in cysteine amino acids. This underlying keratin layer is
covalently bond to the lipids via a thioester linkage [1,2]. The
lipid outermost surface layer is mainly constituted by a fatty
acid identified as 18-methyleicosanoic acid (18-MEA), a
methyl branched 21-carbon fatty acid [1-3].

Among all the available surface techniques, static TOF-SIMS
is well suited to probe the human hair. Different publications
already underlined the interest of ToF-SIMS to improve our
knowledge not only on ““pristine-hair” but also to study the
effect of various treatments of the hair surface [4-6].
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Recently, the use of new polyatomic primary ions was shown
to highly enhance the secondary ion yields. In the case of Cgy"
primary ions, this enhancement could reach two to three orders
of magnitude as compared with Ga*, for various organic
materials [7,8]. The advantages to use the Cgo* primary ions
have been very well described by Winograd [9].

The aim of this paper is to discuss critically the improvement
gained by the use of Cgy" polyatomic primary ions, with respect
to Ga*, to characterize a very complex surface like that of the
human hair.

2. Experimental
2.1. Sample preparation

The hairs used for this study are of dark brown Caucasian
type (10” long, from International Hair Importers & Products
Inc., Glendale, NY 11385). A hair staple has been measured
after a washing process in a sodium laureth sulphate (SLES-
2EO) solution at 14% and an abundant rinsing under tap water.
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An area of a bunch of hair fibres, taken approximately at
5 cm from the hair root, has been analysed with ®*Ga™ and Cg*
primary ions sources.

2.2. ToF-SIMS measurement

The ToF-SIMS spectra measurements were performed with a
PHI-Evans TFS-4000MMI (TRIFT 1) spectrometer [10]. In
order to increase the detection efficiency of high-mass ions, a
7 keV post-acceleration was applied at the detector entry. Charge
effects were compensated for both ion sources by means of a
pulsed electron flood gun (Ey =24 eV). The electron/primary
ions cycle depended on the polarity of the secondary ions and
also on the primary ion species. Furthermore, a stainless steel
grid (1.5 mm mesh) covered the sample surface.

For the ®Ga* measurements, the samples were bombarded
with a FEI (model 83-2) pulsed liquid metal ion source (15 keV,
1.2nA dc, 11.4kHz repetition rate and 22 ns pulse width
bunched down to 1 ns). The analysed area was either a square of
120 pm x 120 pm for the positive secondary ions or a square
of 180 pm x 180 wm for the negative secondary ions. With a
5 min data acquisition time, the total number of primary ions
was either 4.4 x 10® Ga* for the positive secondary ions or
2.4 x 10® Ga* for the negative secondary ions, depending of the
used charge compensation cycle. These analytical conditions
ensured static analysis conditions [11]. For the present samples
and analytical conditions, the mass resolution was about 1000
at m/z = 41 (C3Hs" peak).

For the Cg" measurements, the same samples were also
bombarded with an Ionoptika (model IOG-C60-20) pulsed ion
gun. Further details about this source can be found in ref. [7]. This
ion source has been fitted to a PHI-Evans TES-4000MMI (TRIFT
1) spectrometer, in place of the Cs* source. The specific analytic
conditions for the conducted Cgy" measurements were: 15 keV,
2.6 pA dc (aperture 300 wm), 10.8 kHz repetition rate, 40 ns
pulse width bunched down to 8 ns. The grid voltage was 50 V,
giving roughly 20% of Cgo>* species in the primary beam [12].
These Cqy>" species were filtered by a double set of blanking
plates. The analysed areas were estimated either at 120 pm x
90 pm for the positive secondary ions or at 180 pum x 120 wm
for the negative secondary ions. With a 5 min data acquisition
time, the total number of primary ions was 1.0 x 10°Cg,* forboth
secondary ions polarities. These analytical conditions ensured
static analysis conditions too [11]. For the present samples and
with these analytical conditions, the mass resolution was about
700 at m/z = 41 (C3Hs" peak).

For both primary ion sources and in both secondary ion
polarities, four spectra located at different hair areas have been
measured and averaged data are presented.

2.3. Cgsp* enhancement factors (EF)

The Cgy" enhancement factor is calculated by the evaluation
of the secondary ion (SI) yield ratio:

_ IXCso /¢ Cor
YGa+ I,? a/ ¢Ga ’

YC60 +

where /560 and IS are the peak area for a mass “x” in the Cg"
spectrum and in the Ga* spectrum, respectively, and ¢ 5 and
¢ga are the number of Cgy" and Ga™ ions required for the
spectrum acquisition, respectively. In our analysis conditions,

¢C6O/¢Ga = 240
3. Results

In the positive spectra (not shown) obtained on the hair
surfaces, the different hair components are detected. They
mainly consist in hydrocarbon C,H," peaks at the odd masses
and amino acids fragments, coming from proteins such as
keratin. Some residues of the previous washings or hair
treatments are also detected. They come mainly from silicone
oil (masses 147, 207, 221 and 281 m/z) and from cationic
conditioners such as hexadecyltrimethyl ammonium (mass 284
m/z) and disteryldimethyl ammonium (masses 522 and 550 m/
2).

Although at first sight, the positive spectra look rather
similar, a significant enhancement factor is observed for most of
the peaks. An averaged enhancement factor of 125 is found for
the total positive SI intensity. More specifically, for the above-
mentioned washing or hair treatment residues, EF is about 180
for the silicone peaks and about 380 for the cationic conditioner
peaks.

A significant EF is found for several peaks at even masses
that are related to amino acid fragments, such as NH,*, CH;N*,
C,H¢N™, C3HgN™, C4HgN*, C,H4NO,™, C4HgNO™, C3H4NO,™
and C,H4NO,*, respectively. The same effect is also found for
two odd mass peaks, corresponding to CH;S* and C,HsS™, and
associated to S-containing amino acids (cysteine and methio-
nine). The EF values for all these amino acid peaks are
presented in Fig. la.

Variable EFs, with sometimes very high values, are also
observed for several aromatic peaks (see Fig. 1b).

The inorganic peak EF values are presented in Fig. 1c. They
are rather low for inorganic atomic ion peaks such as Na*, Mg*,
Si* and Ca* as compared to the previous values, with an
exception for Na*. However, important intensity increases are
observed for the inorganic clusters containing these atoms such
as CaOH", HCa,0,"*, HCaSO;* and HCaSO,".

Fig. 2 displays the negative spectra obtained on the hair
surfaces with a Ga* beam (upper part) and a Cg" beam (lower
part). Only the mass range between 30 and 350 m/z is presented.
As for the positive secondary ions, some hair components are
well detected. They consist mainly in amino acid species (peak
at mass 42 m/z corresponding to CNO™) and the 18-MEA
molecular ion at mass 341 m/z, that corresponds to C,HyOS™.
Some residues of the washing treatments are also detected.
They come mainly from S-containing surfactants such as
sodium laureth sulphate and dodecyl benzene sulphonic acid
(masses 183, 265, 279, 293, 309, 321, 325 and 339 m/z).

An averaged enhancement factor of 220 is found for the total
negative SI intensity. For these surfactant residues, EF values
are illustrated in Fig. le.

As shown in Fig. 1d, variable EF values are found for the N-
containing peaks, corresponding to amino acids at masses 26,
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Fig. 1. Cgo* enhancement factors for some positive and negative secondary ions: (a) positive amino acid peaks, (b) aromatic hydrocarbon peaks, (c) positive inorganic
peaks, (d) negative amino acid and 18-MEA peaks and (e) negative inorganic peaks.

27 (not shown) and 42 m/z and corresponding to CN~, CHN™
and CNO™, respectively. An important enhancement factor
(EF =940) is observed for the 18-MEA molecular ion.

The EF values of the atomic inorganic peaks such as F~, S~
and Cl™ isotopes at 19 (not shown), 32 and 35 and 37 m/z are
relatively low as compared to the general trend (see in Fig. le).
However, very important yield enhancement factors are observed
for the inorganic SI clusters containing sulphur atom such as
SH™,SO37,HSO; ™ atthe masses 33, 80 and 81 m/z, respectively.

4. Discussion and conclusion
The EF values found for the amino acid fragments suggest a

better detection of the proteins with Cgy" ions (i.e. keratin)
towards the hair surfaces. Since the hair protein layer is known

to be covered by the lipid outermost layer (18-MEA) [1,2], this
suggests a difference information depths between the two
beams. EF is found to vary strongly for the amino acid
fragments (from 285 up to 1950, in the case of the positive
secondary ions). This fact is a bit odd. However, mass
interferences with C,H," clusters coming from the back-
scattered Cgo* fragments could occur for SI peaks presenting a
very high EF. Indeed, the mass resolution obtained with these
hair bunch samples does not allow us to separate isobar ions.
This is mainly caused by the important surface roughness. So,
mass interferences with C,*, C,.H", C,H,", ..., could occur,
leading to an EF overestimation of several amino acids, i.e. at
the masses 61, 74, 86 and 98 m/z. Along those lines, it is worth
noting that the EF values of aromatic peaks, shown in Fig. 1b,
are higher for the fragments at 49 and 50 m/z than for the
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Fig. 2. Negative static ToF-SIMS spectra of human hairs, in the mass range 30—
350 milz, measured with °Ga* and C4," primary ion beams.

fragment at 51 m/z. To clearly remove this incertitude, a better
mass resolution is required, allowing us to check the possible
presence of isobar ions. Moreover, kinetic energy distribution
measurements could help to identify any difference in the SI
emission mechanisms [13]. In the case of the negative SI peaks
related to the amino acid, the same kind of remark could be
done about possible mass interferences with hydrocarbon for
masses 26 and 27 m/z. However, there is no possible
hydrocarbon interference for the mass 42 m/z (CNO™) although
its enhancement factor is very high (EF =3050). A high EF
value (950) is also found for 18-MEA (341 m/z), where there is
no known mass interference. This clearly shows that mass
interference cannot be the only one reason to explain all the
very high SI yield improvements seen with Cgo* beam.
Concerning inorganic peaks (in both ion polarities), the
detection of atomic ions is less improved by the use of Cgo" than

that of clusters containing a combination of several of these
atoms. This effect is not yet well understood but it might be
related to the difference in energy deposition and emission
mechanisms between Cgo" and Ga* ions. Recent molecular
dynamics simulations suggest that by the Cgq, projectile
dissociate directly at the impact, depositing its energy only
in the top surface layers and creating an overheated
nanovolume that relaxes via collective atomic and molecular
motions [14]. Moreover, different ion ionisation processes
cannot be excluded too.

In conclusion, the use of Cgy" primary beam is seen to
improve the ToF-SIMS efficiency at the surface of natural
biological matter such as human hairs. The enhancement
factors vary between two and three orders of magnitude. This
confirms the similar effect recently found for another protein
(human serum albumin) adsorbed on a polycarbonate
membrane [15].
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