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Abstract

The novel approach using a slope of correlation line (laser-enhanced ionization of lithium versus laser-induced plasma emission of aluminum)
as analytical signal was proposed for reduction of matrix interferences in laser-enhanced ionization spectrometric determination of Li with laser
sampling.
© 2005 Elsevier B.V. All rights reserved.
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. Introduction

Laser sampling is widely used in analytical practice [1,2].
he advantages of this technique include the absence of any
ample preparation, small amounts (up to 10 ng) of the sampled
aterial [3], the opportunity of local and depth profile analy-

is [4,5]. However, variations of the sample matrix composition
nd the evaporation conditions lead to the uncontrolled changes
f both the amount of ablated material and characteristics of a
enerated particle cloud. Using an internal standard [6,7] or ref-
rence signal [3,7–12] sometimes allows for the correction of the
nfluence of both the matrix and the laser irradiance on the ana-
ytical signal. Usually optoacoustic and atomic emission (AE)
ignals are used as the reference ones. The optoacoustic signal
epends on the amount of ablated material, the laser irradiance,
nd on the matrix composition [3,7,9]. The emission signal also
epends on these parameters [3,7]. Besides, interaction of the
aser plume with the outside ambient [2], the plasma electronic
xcitation temperature and the electron density [8] influence the
mission signal. Therefore, the emission signal was chosen as a
eference signal for the normalization procedure to correct the

signals depend on both ablated mass and laser irradiance. To
determine this correlation, LEI and AE signals were simultane-
ously measured at the different laser energies, so that every pair
of signal values corresponded to definite energy. The energy
range was chosen where the LEI signal noticeably depended
on the energy and increased monotonically. Since a correlation
curve is plotted in this range, neither laser energy nor laser irra-
diance influence the coefficients of the correlation equation. If
these coefficients (e.g. the slope and intercept of the correla-
tion line) depend on the analyte content, they can be used for
calibration. Unlike the conventional direct normalization of the
analytical signal by the reference one, the proposed approach
allows the reduction of the effect of the evaporation conditions
on the analytical results. In other words, this method allows
the plotting of the calibration curve, which is independent from
changes of matrix composition and laser irradiance [13]. Huang
and Lin [14] used a similar calibration approach to reduce the
effect of the evaporation conditions on the LIBS signal. Unfortu-
nately, this implementation covers a small energy range and does
not exclude the influence of irradiance even for a homogeneous
liquid, whereas the normalization suggested here for wide laser
bove-mentioned effects on the analytical signal.
The proposed approach is based on the correlation between

aser-enhanced ionization (LEI) and AE signals because these

energy range allows the consideration of pulse-to-pulse changes
of the sample surface.

2. Experimental

t
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The experimental set-up consisted of a home-made LEI spec-
rometer with laser evaporation of the sample into a flame. The
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Table 1
Aluminium alloys composition (wt.%)

Sample no.

I II III IV

Al Main component
Li 0.6 0.9 2.1 2.6
Sc 0.41 0.62 0.62 0.45
Cu – 0.5 – –

radiation of Nd3+:YAG laser with λ = 1064 nm was focused by a
microscope onto the surface of a solid sample. The laser irradi-
ance was 3 ± 1 GW cm−2. The laser energy Elas was decreased
by a set of neutral filters. The samples were placed into a spe-
cially designed burner head. Interaction of laser radiation with
a sample resulted in the formation of a laser plume, which
expanded into a methane-air flame. Tunable dye lasers (with
λ = 610.4 and 670.8 nm) were pumped by Nd3+:YALO laser
with λ = 540 nm and used for the excitation of lithium atoms.
An iridium wire cathode in the flame detected the lithium ions
generated. A grounded burner head served as the anode. The
aluminum AE signal at λ = 396.1 nm was used as the reference
one [15] and recorded by a monochromator and PMT. Al–Sc–Li
alloys were used as samples. Their compositions are given in
Table 1.

3. Results and discussion

To plot the relationship between LEI and AE signals, the cor-
relation diagram was used. Each of seven points in the diagram
(LEI versus AE) corresponds to a measurement at the definite
Elas. Every point is the average of 50 signal measurements. The
correlation was approximated by a straight line. The linear cor-
relation coefficients R, calculated for each of the samples, are
listed in Table 2. The correlation coefficients are greater than the
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Fig. 1. LEI signal vs. lithium content for the different Elas (A, 47 mJ; B, 60 mJ;
C, 70 mJ).

is changed from 0.6 to 0.9 wt.%. However, the LEI signal grows
in the same content range for Elas = 47 mJ (curve A in Fig. 1).
Hence, the copper has an unpredictable influence on the LEI
signal for the sample no. II (see Table 1), when Elas is changed.
Then we have normalized the analytical signal by the aluminum
AE signal. The normalized analytical signal dependencies on
the lithium content in the samples are shown in Fig. 2. When
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ritical value of R = 0.875 (f = 5 and P = 0.99), thus demonstrat-
ng the statistical validity of the linear correlation between LEI
nd AE signals. As described in our earlier paper [15], the slope
f correlation line depends on the lithium content in the stud-
ed samples and does not depend on laser irradiance. Therefore,
he slope may be used as a novel type of normalized analyti-
al signal. This normalization method will be referred to as the
orrelative normalization.

The LEI signal dependencies on the lithium content in the
amples are shown in Fig. 1 for three different Elas. Their non-
inearity does not allow them to be used for calibration purposes.
he analytical signal decreases for Elas equal to 70 and 60 mJ

Fig. 1, curves C and B, respectively), when the lithium content

able 2
he coefficients of linear correlation (LEI vs. AE)

ample no. R

0.989
I 0.955
II 0.989
V 0.963
ig. 2. Normalized LEI signal vs. lithium content with the use of different nor-
alization methods: (A–C) direct normalization for the different Elas (A, 47 mJ;
, 60 mJ; C, 70 mJ) and (D) correlative normalization.
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using direct normalization (curves A–C in Fig. 2), the influence
of both laser energy and matrix composition on the normal-
ized LEI signal are retained. The calibration curve is linear for
the correlative normalization (curve D in Fig. 2) and the copper
influence on the LEI signal is negligible. Using the proposed nor-
malization method, the detection limit (3σ-criterion) was equal
to 0.002 wt.%, which is 10 times lower than previously achieved
one [16].
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