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nsisting of cobalt thin films on gold were prepared by sputter deposition. The
thickness and homogeneity of the films were characterized using synchrotron radiation micro-XRF. The
samples can be used as reference materials to quantify cobalt phthalocyanine and cobalt porphyrin modified
gold electrodes which have been analyzed with synchrotron radiation micro-XRF.
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1. Introduction
Synchrotron radiation micro X-ray fluorescence spectroscopy (SR
micro-XRF) offers an excellent capability to perform elemental
mapping of elements in very low concentrations. In our work, for
instance, the technique has been successfully exploited for quantifying
the surface coverage of gold electrodes modified with a cobalt (II)
tetrasulfonated phthalocyanine tetrasodium salt (CoTSPc) thin layer
[1–3]. These kinds of modified electrodes often exhibit electrocatalytic
properties, which allow specific electrochemical reactions to occur
with much lower activation energies. Together with the metallopor-
phyrin systems, they have therefore attracted a wide research interest
and are considered as the first step in the development of new
electrochemical sensors [4–6].

The cobalt surface concentrations of the samples analyzed typ-
ically range between 0.05 and 3.5 μg cm−2. The major shortcoming in
their quantification up to now has been the lack of suitable reference
materials. The latter has resulted in needing to perform time-
consuming calculations based on the fundamental parameter method
for each measurement [7].

In this work we have tried to counter this practical problem by
preparing new standard materials which have the same design as the
modified electrodes, namely a cobalt thin layer onto a gold substrate.
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The samples have been prepared by sputter depositing a cobalt layer
of various thicknesses (between 10 and 100 nm) on a gold substrate.

This paper describes the preparation and the characterization of
the new reference materials.

2. Experimental

2.1. Preparation of the reference materials

The commonly used gold electrodes were imitated by encapsulat-
ing a piece of gold wire (diameter 1 mm) in epoxy resin (diameter
8 mm) so that only the top surface of the gold wire was exposed. The
Fig. 1. Photograph of one of the prepared samples. The other three are identical.
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Fig. 2. Thickness of cobalt layers on glass substrates as a function of the deposition time.
Deposition conditions: constant current (0.1 A) and constant argon pressure (0.3 Pa).
The circles are the measured data. The solid line represents a linear fit through the data.
Correlation coefficient is 0.996.
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wire exits the epoxy resin at the back in order to make an electrical
connection, in case one likes to perform electrochemical measure-
ments. Fig. 1 shows a set of photographs of one of the samples. The
other ones are identical in construction.

A thin layer of cobalt (spot diameter 5.5 mm) was deposited on the
samples using magnetron sputter deposition. The home built
magnetron sputter deposition system consists of a stainless steel
chamber which is pumped by a turbo molecular pump with a rotary
pump as back up (base pressure lower than 7×10−4 Pa). The system
consists of awater cooled copper cathode onwhich a two inch 0.5 mm
thick cobalt target (Kurt Lesker, 99.99%) was clamped. The argon
discharge is ignited using a DC power supply (Hüttinger 1500 DC). The
depositions were performed at constant current (0.1 A) and constant
argon pressure (0.3 Pa, 30 sccm). Keeping the deposition parameters
constant (base pressure 4.5×10−4 Pa and discharge voltage 365.2 V),
the thickness of the deposited layers was controlled by exposing the
gold electrodes to the magnetron for a given time (respectively 1'50'',
3'58'', 10'10'' and 20'29''). The deposition rate was measured by
depositing cobalt on glass substrates for a given time and measuring
the thickness using a profilometer (Taylor Hobson Talystep). In total
four samples were made with a cobalt layer thickness between 10 and
100 nm.
Fig. 3. Sum spectrum of the 31×31-pixel ana
2.2. Characterization of the reference materials

Scanning micro SR-XRF experiments were performed at beam line
L of the DORIS-III storage ring, HASYLAB (Hamburg, Germany) [8]. This
beamline is dedicated tomicro-XRF experiments using either white or
monochromatic bending magnet excitation and mono- or polycapil-
lary focusing, with routinely available beam sizes of 5–30 μm.

The primary X-ray beam is generated by a 1.2 T bending magnet
source which, given the machine energy of 4.465 GeV, provides a
polychromatic spectral distribution with a critical energy of 16.6 keV.
After initial low-energy filtering and collimation, the beam is mono-
chromatized by a Si(111) fixed-exit monochromator (ΔE/E≈10−4) and
further collimated by a motorized cross-slit system. During these
experiments, the beamwas focused by a monolithic polycapillary half-
lens (X-ray Optical Systems Inc., USA), designed specifically for parallel
primary beams hence suitable for the focusing of low-divergence
synchrotron beams. A microbeam size of about 20 µm (FWHM) was
obtained at the excitation energy range of 7.7–8.2 keV, which was used
to excite selectively the Co-Kα,β fluorescent-lines without exciting Au–L
lines from the (spectroscopically infinitely thick) gold substrate. The
nominal working distance of the polycapillary optic was 5 mm.

For each sample 31×31 pixel maps were recorded with typically
20 μm step-size, using a data collection time of 10 s per data point.
Quantification of the cobalt surface involved transferring the
individual pixel spectra into a sum spectrum using MicroXRF2
software and converting the measured fluorescent intensities to a
concentration value including corrections for background and line
overlap [9]. The non-linear least square fitting software AXIL [9] was
used to determine the net-peak intensities of the Co-Kα and the
background below this peak. A pure thin Co foil (thickness 10 µm,
purity 99.9%) from Goodfellow Inc. was used as reference material.
The actual concentrations were calculated using the following
equation, which is based on the fundamental parameter method [7]:

Su ¼ Iu
I0;u

I0;s
Is

ρs � Ts � Acorr;s

where Su is the surface concentration of cobalt on the unknownmaterial
(g cm−2); Iu/s the measured intensity of the cobalt signal per time unit
(counts s−1) on the unknown sample/standard material; I0,u/s the signal
per time unit measured by the ionisation chamber for the unknown
lyzed area of the 100 nm cobalt sample.



Table 1
Cobalt surface concentration (μg/cm2) and thickness cobalt layer (nm) for each of the
four materials as determined by SR micro-XRF and the fundamental parameter method

Intended thickness Co
layer

Co surface concentration
(μg/cm2)

Thickness cobalt
layer (nm)

Deviation
(%)

10 nm 9.70 10.87 8.73
20 nm 16.96 19.02 −4.92
50 nm 45.59 51.11 2.23
100 nm 93.62 104.96 4.96
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sample/standard reference material; ρs the density of metallic cobalt
(=8.92 g cm−3 [10]); Ts the thickness of the cobalt reference material (as
cited above) and Acorr,s the absorption correction factor for the cobalt
reference material (=0.20948 [9,11]).

Additionally the level of uniformity was determined by processing
the data according to the strategy of Kempenaers et al. [12–13]. The
latter involves the following steps. The Co-Kα intensity is normalized
to the signal of the Au–M line, after which its distribution is examined
by constructing a histogram. A Gauss curve is fitted to the histogram
which allows one to determine the mean, the standard deviation and
the relative standard deviation.

3. Results and discussion

Fig. 2 shows the measured thickness of cobalt layers on glass as a
function of deposition time. The symbols correspond to the measured
Fig. 4. Histogram and elemental map with the corresponding quantitative scale bar (indicatin
20 nm, (c) 50 nm and (d) 100 nm.
data. The solid line represents a linear fit through the data. Based on
this fit, the required deposition time was calculated in order to make
the four reference materials with respectively 10, 20, 50 and 100 nm
thickness. The error on the thickness was estimated to be between
4 nm (thinnest layers) and 8 nm (thickest layers). The latter is defined
by the thickness measurements (profilometry) and the experimental
error on the deposition parameters (pressure, discharge current and
the time measurement).

A typical SR micro-XRF sum spectrum (31×31 pixels) for the
sample containing an estimated thickness of 100 nm cobalt is shown
in Fig. 3. The sum spectra for the other samples are very similar.
Apart from the clear presence of cobalt and gold, the spectrum shows
evidence for the presence of iron. Its signal overlaps with the scatter
escape peak. The presence of iron can be considered as contamina-
tion and originates possibly from a number of sources, including
the magnetron sputter deposition system as well as the SR micro-
XRF set-up and the presence of dust particles in the ambient
environment.

Table 1 lists the surface concentration and the thickness of the
cobalt layers as determined by SR micro-XRF. In addition the
deviation between the measured and the intended thickness is
listed. Results show that for all four samples the measured
thickness approaches the intended thickness very well. Except for
the 10 nm sample, all samples lie within a 5% deviation (the
deviation for the 50 nm sample is even of the order of 2.5%). The
10 nm sample shows the largest deviation: around 9%. Neverthe-
less the deviation lies within the range defined by the thickness
g a normalized Co-Kα intensity) of the deposited cobalt for the 4 samples: (a) 10 nm, (b)



Fig. 5. The detected Co-Kα signal after normalization with the gold M line as a function
of the cobalt surface concentration.
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measurements and the experimental error on the deposition pa-
rameters (as cited above).

The elemental map and the corresponding intensity distribution
(histogram) of the detected Co-Kα signal after normalization with the
gold M line is shown in Fig. 4 for the four samples. The colours of the
map are scaled between the minimum and the maximum value
measured across the entire image. The latter implies that one artefact
pixel of extremely high or low concentration can change the entire
scale. Since each measurement showed at least 1 high or low
extremity, we opted to correct for these outliers to obtain figures
that are not all white or black (low and high extremity respectively).
The correction was done by substituting any value higher or lower
than the threshold by the value of the threshold (5 arbitrary units).
These corrections, however, were not included in the calculations so
as not to make any false conclusion about the homogeneity. The
histograms show an increasing normalized Co-Kα intensity of the
cobalt signal with deposition time. The relative standard deviation is
for all samples of the same order (ca. 1.5%), demonstrating a
reproducible and homogeneous production process of the standard
materials.

The relationship between the detected Co-Kα signal after normal-
ization with the gold M line and the cobalt surface concentration as
measured by the fundamental parameter method is shown in Fig. 5.
The symbols represent the actual data points. The solid line has been
fitted through the points and shows a very good correlation between
the two parameters, which implies that the data can be used as a
calibration curve for future quantifications of cobalt phthalocyanine
and cobalt porphyrin thin films on gold.
4. Conclusions

In this work we have prepared a set of new reference materials
which can be used to quantify cobalt phthalocyanine and cobalt
porphyrin films on gold electrodes using SR micro-XRF. The samples
were prepared by sputter depositing cobalt films of various thick-
nesses (between 10 and 100 nm) on a gold substrate. Characterization
of the films was done using SR micro-XRF. For all four samples the
measured thickness approaches the intended thickness very well. The
surface concentrations were calculated using the fundamental
parameter method and show a very good correlation with the
detected cobalt signal. The heterogeneity of all samples is below 1.5%.
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