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a b s t r a c t

Results show investigations of surface of modified glass fibres (before and after chemical modification
of their surface), which are candidates for future original matrix-less reference material for volatile
ethene analytes (C2H4). Used analytical methods are secondary ion mass spectrometry and atomic force
microscopy. The investigations were aimed at observation of changes and processes which occurred on
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the surface of glass fibres covered with an aluminum layer and constituting an ethane carrier.
The paper describes the procedure of chemical modification of the surface of 3 cm segments of glass

fibres covered with an aluminum layer (660/680 �m, external diameter of quartz/external Al diameter),
a surfactant constituting a source of ethene. Ethene (a measured constituent) in a standard gas mixture
is obtained during the process of controlled thermal decomposition of a surface compound in a stream
of rarefied gas (such kind of mixture is called matrix-less reference material).
econdary ion mass spectrometry

. Introduction

Since many years the Chemical Faculty, Chair of Analytical
hemistry of Gdansk University of Technology carries out research
n creation of a new genuine matrix-less reference material for
olatile analytes, using the technique of gas chromatography linked
ith thermal desorption (GC-TD). Now we succeeded in obtaining
candidate for a future reference material, available commercially

Cezar International Group, Photonics Technology) glass fibre cov-
red with an aluminum layer in order to increase the mechanical
trength of this material. Fibres modified in such way constitute a
arrier of a surfactant being a source of ethene (C2H4) [1,2]. The
mount of ethene released from sections of chemically modified
lass fibres, after 9 min of thermal dissociation pyrolysis (tempera-
ure 280 ◦C) equals 0.767 ± 0.083 ng/cm.

The process of obtaining ethene (as a measured constituent)
n a gaseous standard mixture is based upon the use of surfac-
ants, chemically bounded with the surface of the carrier, which

t specific temperatures undergo thermal destruction or chemi-
al rearrangements accompanied by release of precisely defined
mounts of volatile analyte. The released compounds are subse-
uently washed out from the reaction chamber (chromatograph
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dispenser, thermal desorber) by means of a stream of rarefied gas,
forming a jet of gaseous standard mixture (such type of mixture is
called a matrix-less reference material).

It was decided to characterize the surface of new type glass fibres
forming the carrier of an appropriate compound which can be a
source of ethene in a controlled pyrolysis process. In the investi-
gations the techniques of Secondary Ion Mass Spectrometry and
Atomic Force Microscopy were used. These investigations were per-
formed to observe changes and processes present at the surface of
the carrier.

2. Experimental

2.1. Fabrication of a surface compound being the source of ethene

The procedure of modifying the surface of a carrier in order
to form a surface compound being the source of ethene has been
patented earlier and made use of already [1]. It was used to modify
the surface of only one carrier—silica gel (with a specific surface of
200 m2/g).

The process of chemical modification of the carrier’s surface is

carried out in the Chemical Faculty, Chair of Chemical Technology
of Gdańsk University of Technology. Glass fibres covered with a thin
layer of aluminum (Fig. 1) were dried at a temperature of 120 ◦C for
8 h in order to remove adsorbed water. A sample of the carrier thus
prepared was placed in a flask containing 60 ml of toluene. Then

http://www.sciencedirect.com/science/journal/13873806
http://www.elsevier.com/locate/ijms
mailto:kasia.k177@wp.pl
dx.doi.org/10.1016/j.ijms.2009.06.009
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ig. 1. Glass fibres covered with a layer of aluminum, after a process of chemical
odification leading to the creation of a surfactant which can be a source of ethene

n a controlled pyrolysis process.

.025 mol of (3-chloropropylo)-trimetoxysilane was added to the

olution. The reaction was carried out for 6 h at 80 ◦C. The silanized
arrier obtained from the reaction was filtered off and washed in
urn with toluene, methyl alcohol and acetone and subsequently
ried in vacuum. The obtained product was flooded with toluene
60 ml) and 0.025 mol of dimethylamine. Then the solution was

ig. 2. Diagram of the synthesis of a surfactant on the surface of a carrier and of its the
ontrolled pyrolysis).
ass Spectrometry 286 (2009) 11–16

heated at 80 ◦C for 6 h. After completing the reaction, the product
was again filtered off, washed and dried in vacuum. In the next syn-
thesis step 10 ml of 30% H2O2 was added. The obtained batch of the
product with modified surface was accurately washed and dried.

Fig. 2 presents a scheme of the synthesis of the surfactant consti-
tuting a source of ethene obtained (in a controlled pyrolysis process)
as a measured constituent of an appropriate gaseous standard mix-
ture [2].

2.2. Secondary ion mass spectrometry

The investigation was carried out using the technique of sec-
ondary ion mass spectrometry (SIMS) [3–6]. The subject of research
were sections of glass fibres of 3 cm length, covered with an alu-
minum layer, commercially available (Fig. 1)—unmodified and after
a process of modification with a surfactant constituting a source of
ethene, which was described in detail in Section 2.1. The glass fibres
were placed on a measuring stand in sets of seven pieces.

The investigation was carried out with the use of SIMS spec-
trometer SAJW-05 model [7]. The operating parameters were as

follows:

• Primary ion beam: 2 keV, Ar+.
• Primary beam raster: 0.11 cm2.
• Ion gun – 06-350 E Physical Electronics.

rmal decomposition (in a stream of carrier gas) with release of ethene (during a
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Figs. 8 and 9 present the results of observation of changes which
occurred on the surface of tested samples before and after the
process of chemical modification with a surfactant constituting a
source of ethene.
ig. 3. Secondary ion mass spectrograms of (a) positive and (b) negative ions, obta
ayer, after a process of chemical modification of their surface with a surfactant con

Quadrupole mass analyzer – QMA 410 Balzers.
Depth profile analysis of positive primary ions: H+, H2

+, C+, CH2
+,

Al+ and negative secondary ions: H2
−, C−, CH−, CH2

−, C2
−, AlO−,

C2H2
− and AlC2

−.

.3. Atomic force microscopy

The characteristics of glass fibres covered with an aluminum
ayer after a process of modification of its surface were obtained
y the method of atomic force microscopy (AFM) [8–10] with the
se of a NTGRA Prima equipment from NT-MDT; this measurement
as carried out in the Chemical Faculty, Chair of Electrical Chem-

stry, Corrosion and Materials Engineering of Gdańsk University of
echnology.

To observe the effect of the modification by a surfactant consti-
uting a source of ethene on the surface of glass fibres covered with
n aluminum layer, imaging by the AFM technique in contact mode
as used (Figs. 8 and 9).

The analysis included two kinds of fibres covered with a layer
f aluminum (external diameter of quartz/external diameter of Al)
60/860 (�m):

fibres before the chemical modification process;
fibres after a process of chemical modification with a surfactant
constituting an ethene source.

These investigations were conducted in an air atmosphere and
t room temperature.

. Results and discussion

.1. The use of the SIMS technique for characterizing the carrier
fter modification of its surface in a chemical process

Fig. 3 presents examples of secondary ion mass spectrograms
or positive and negative ions (obtained with the SIMS technique)
or sample after the modification process.

Depth profile analysis was carried out for selected secondary
ons. The obtained results were normalized. Sputtering time has
een converted into depth under the assumption that the sput-
ering rate of outer atomic layers in aluminum is similar to that
n tantalum oxide Ta2O5 in a test sample of 10 nm Ta2O5/Ta. The
btained sputtering rate was 1.4 nm/min due to 0.11 cm2 primary
eam raster area. The result of the test sample analysis is shown in

ig. 4.

Figs. 5–7 show the relative values of currents of individual sec-
ndary ions. The ratio of these currents to the value of the emission
urrent Ibulk measured in the bulk aluminum. The assumption has
een made, that after etching away a layer of about 20–30 nm, the
uring 2 keV Ar+ ion beam bombardment of glass fibres covered with an aluminum
ng a source of ethane.

composition of the etched material – aluminum – is already sim-
ilar to that of bulk aluminum. Normalization of this kind allows
to become independent of such factors as surface topography,
matrix effects and other effects which affect the total emission of
secondary ions from the bombarded surface. This kind of normal-
ization also permits to notice changes in the emission of secondary
ions in the course of ion etching of the upper atomic layers of the
investigated material.

3.2. Utilization of the AFM technique for the characterization of a
carrier after the process of chemical surface modification

3.2.1. The effect of modification of glass fibres covered with an
aluminum layer on the appearance of that surface, obtained in the
result of using atomic force microscopy
Fig. 4. Result of depth profile analysis of 10 nm thick Ta2O5 layer obtained by elec-
trolysis of the tantalum surface. High oxygen secondary ion current measured at the
initial stage of depth profile (up to 3 nm) is caused by oxygen contamination on tan-
talum oxide surface or other contamination enhancing O+ emission. The obtained
depth profile resolution �z84–16% at oxide/metal interface is 0.72 nm.
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Fig. 5. Depth profile analysis of surface layers of glass fibres. Emission of positive secondary ions H+, H2
+, C+, CH2

+, Al+ was monitored.

Fig. 6. Depth profile analysis of surface layers of glass fibres. The analysis includes negative secondary ions H2
− , C− , CH− , CH2

− , C2
− , AlO− .
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ig. 7. Depth profile analysis of surface layers of glass fibres. The analysis includes
egative molecular secondary ions C2H2

− , AlC2
− .

Fig. 8 presents the appearance and irregularity heights on the
urface of tested samples before and after the chemical modifica-
ion process. It is evident that the process of chemical modification
f glass fibres covered with an aluminum layer constituting a source
f ethene leads to an increase in inhomogeneity and of height irreg-

larities. For unmodified samples the irregularities are between 1
nd 12 nm (Fig. 8a), while for modified samples the irregularities
re between 1 and 50 nm (Fig. 8b).

ig. 8. Images obtained with the use of AFM, showing the heights of irregularities on th
hemical modification; (b) glass fibre after chemical modification by means of a surfactan

ig. 9. Differential images (DFL) in the x–y plane of glass fibres covered with an aluminu
odification process; (b) fibre after the process of chemical modification by means of a su
ass Spectrometry 286 (2009) 11–16 15

3.2.2. Determination of parameters characterizing the interaction
force of the scanning probe with the surface of glass fibres before
and after the chemical modification process

AFM microscopy, besides imaging a surface, permits also to mea-
sure accurately the forces of interaction of the scanning probe with
the surface of the investigated surface [11–14].

The interaction forces have been measured between the surface
of glass fibres covered with aluminum, before and after the process
of chemical modification, and the moving scanning probe. Fig. 10
presents the obtained exemplary relationship between the mov-
ing scanning probe and the surface of glass fibres. On the basis of
these diagrams it was possible to determine the force of interac-
tion F (adhesion force) from the deflection of the scanning probe
lever in relation to the scanned surface according to Hooke’s law
[8,9]:

F = k · �H (N)

where k – elasticity constant of the lever (0.03–0.2) (N/m); �H
– distance between the scanning needle and the sample surface
(nm).

The results of interaction forces between the scanning probe and
and is 48.25 nN, but for fibres after the process of modification
with a surfactant being a source of ethene the adhesion force is
28.35 nN.

e surface of glass fibres covered with an aluminum layer: (a) before the process of
t constituting a source of ethane.

m layer, obtained with an atomic force microscope: (a) fibre before the chemical
rfactant constituting a source of ethane.
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[
of lactose carriers using atomic force microscopy, J Pharm. Biomed. Anal. 25
ig. 10. Diagrams presenting the (lever deflection) forces depending on the distanc
he process of chemical modification; (b) fibres after the process of chemical modifi

. Conclusions

On the basis of investigations conducted with the use of SIMS
t has been found that carrying out the modification process of
he surface of glass fibres covered with an aluminum layer with
surfactant constituting a source of ethene, causes a change of the
lemental composition of the upper layer of aluminum (emission
f negative secondary ions is explicitly lower). It has been found
hat the upper layer of fibres covered with an aluminum layer, after
he modification process is probably impoverished by some impu-
ities existing on the fibres before modification. Many different ions
re characterized by higher emission from the surface of samples
efore the modification. From among the investigated secondary

ons only ions C2H2
− and AlC2

−, i.e., ions containing the bond C–C
or C C) show higher emission from the upper layer of samples
fter the modification process. This fact indicates that there exist
thene molecules or their fragments on the surface of glass fibres
overed with a layer of aluminum.

The obtained results of depth profile analysis of the surface of
lass fibres which are not ethene carriers show an explicit presence
f typical impurities on the surface of aluminum, containing such
lements like hydrogen, carbon and oxygen. The presence of these
mpurities may affect the increased emission of negative secondary
ons. This is a typical effect often observed during investigations
arried out with use of the SIMS technique. The presence of impurity
lements and oxygen in the aluminum layer increases the emission
f secondary ions.

The tests have disclosed essential differences in the composi-
ion of surfaces of unmodified glass fibres and those constituting a
ource of volatile ethene analytes. It has been demonstrated that the
urfaces of unmodified fibres contain more impurities composed of
arbon and hydrogen than surfaces of fibres modified by means of a
urfactant being a source of ethene. It has been also shown that the
mission of selected negative secondary ions containing two car-
on atoms is higher during the etching process of surfaces modified

ith a surfactant constituting a source of ethene. This testifies the
resence of ethene on these fibres in comparison with unmodified
bres.

The investigations indicate that treatment of the surface of alu-
inum with a surfactant which is a source of ethene (in a pyrolysis

[

[

e scanning needle with respect to the surface of the tested sample: (a) fibres before
by means of a surfactant constituting a source of ethane.

process) not only leads to its modification but also removes from
this surface other impurities, e.g., hydrocarbons.

The results of analyses obtained with the use of the AFM tech-
nique indicate that the process of chemical modification of glass
fibres covered with an aluminum layer by means of a surfactant
constituting a source of ethene explicitly affected the change of the
surface structure of this material by increasing its inhomogeneity
and roughness (Figs. 8 and 9). Besides, the measurement of inter-
action forces with the method of atomic force microscopy indicates
that glass fibres subjected to chemical modification are character-
ized by lower adhesion force of the scanning needle to the scanned
surface.
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