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ABSTRACT. Laser induced breakdown spectroscopy (LIBS) is implemented to
study the compositional content for coins of different currencies. Laser-induced
plasma fluorescence spectra in two regions of the visible spectrum show
qualitative similarities in the composilional conlent among Saudi, Bahrain and
Euro coins. However, a game-token shows some of distinetion.

The sample exposure to laser radiation lasts for a few seconds and the
laser analysis is dependable and non-destructive. Hence, LIBS can be bencficial
for ihe identification of currency and also for quality control in coins production.

Introduction

There is a growing interest in the development of detection systems for rapid and accurate
analytical characterization of chemical species present in rocks, minerals, waste disposal
sites, soil and water samples. Modern instrumental techniques are now replacing the
conventional, time-consuming and laborious techniques of wet-chemieal analysis.

Innovative laser bascd techniques are being dcveloped for real time analysis of
samples. In particular, laser-induced breakdown spectroscopy (LIBS) is a useful method
for determining the elemental composition of various solids, liquids and gases. In this
method, a focused laser pulse serves to vaporize, atomize and excite the sample material.
The resulting emission from the created plasma is collected by a lcns and/ or optical fiber
and is analyzed with an optical multichannel analyzer or with a scanning monochromator
in conjunction with a photomultiplier. The atomic spcctral lines can be used to determine
the clemental composition, or to register the fluorescence 'finger-print' of the sample.

LIBS technique is useful for a variety of applications. It is used in environmental
monitoring to measure soil contamination (Zolotovitskaya et af., 1997) and to detect toxic
metals (Yamamoto ef al., 1996; Buckley et af., 2000) in the environment (Carranza, 2001;
Tran et af., 2001). Also, it is used to study the chemical compositions in liquids (Yuch et
al., 2002; Samek ef al., 2000} and polymers (Sattmann ef af., 1998). LIBS is also used in
forensics and military applications (Kincadc, 2003), and in biomedical studies of bones and
teeth. In addition it is used for art restoration (or conservation), by analyzing pigments
and/or preeious and ancient metals (Anzano ef al., 2002).
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There are many advantages {or chemical analysis using LIBS. Very litile, it any at
all, sample preparation is needed. The same system can analyze gas, liquid and/ or solid
samples with minor adjustments (Fichet, ez al., 2003). Morcover, LIBS samplcs only very
small amounts of the material under study, typically in micrograms; so, it is practically
non-destructive {Weritz ef af., 2003). Moreover, selected local analysis can be performed
with a spatial rcsolving power of microns. A book that discusscs many aspects of LIBS is
that by Lee (Lee, 2000).

In the current experiment, the third harmonic of a Nd-YAG produces UV pulsed
laser radiation. The laser beam is focused onto coins of Saudi, Euro, and Bahrain currency,
in addition to a token used for games. The {luorescence from the generated plastna is
collected and the atomic emissiou lines are spectrally dispersed using a grating
monochromator and detected with a photodiode array (PDA) over an approximatcly 440 A
range.

LIBS spectra are recorded in two regions of the visible spectrum. The analysis shows
that the LIBS system can identify the basic clemcntal composition of the four coins. The
spectra can be uscd to identify, and distinguish between, the currency coins, on the onc
hand, and the gamc token, on the other hand. Moreover, it is verificd that the 20 cent Euro
currency is frec of nickel.

Experimental Method

Figure 1 shows a schematic of the experimental setup. The third harmonic of a Nd-
Y AG [Spectra Physics, Model GCR 250] emits 355 nm laser radiation at a repctition rate
of 10 Hz, and the pulse duration is ~8 nsec,
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Fig. 1. Schemalic plan of the experimental setup.
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The laser beam is toeused on the sample under study whieh creates fluorescing
plasma. A 5-cm converging lens eollccts the laser-induced plasma fluorescenee onto a
monochromator [500 M Spex]. A Jobin Yvon ISA Photo-detector Array (PDA) [model:
spectraview-1D] detects the dispersed fluorescence with its 1024 array of diodes. The
Spectra Max software controls the monochromator grating motor and collects data that is
storcd on a personal compuler for further analysis.

Deliberately, low lascr power (~2 m] per pulse) was used and thc sample was
mountcd on a rotating sample holder in order to reduce the damage suffered by the sample.
The integration time was 30 seconds. This, howcver, was somctimes found to he (oo long
and occasionally caused saturation of the PDA.

Two regions were studied: 4000-4440 A, and 5250-5550 A. The PDA was calibrated
against wcll-known Hg lines emitted by the room fluorcscent bulbs. Fe lines from iron
pellcts were also made use of.

Results & Discussion
Figure 2 shows the LIBS spectra of a 10 molc % iron pcllet prepared in a KBr

matrix, iu the region 4000-4440 A. The figure shows the results before the PDA was
calihrated. The main peaks arc indicated on the plot.
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Fig. 2. LIBS resull for 10% tron in a KUr inatnx.

The NIST wceb-page (http://physics.nist.gov/cgi-hin/AtData/lines_form) was taken as
reference to determine the strong Fe peaks iu this region; this includes: 4045.8, 4063.6,
4071.7, 4271 .8, 4282.4, 4307.9, 4325.8, 4383.5, 4404.8 A. Using thesc strong Fe peaks, in
addition to the Hg peaks at 4046.6 A and 4358.3 A, the PDA was calibrated in wavelength
for this region. A similar calibration was made in the 5000 A region.
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Figure 3 shows the LIBS resuit for a 25 Fils Bahrain coin, in the 4000-4425 A
region. The front and back sides were analyzed and the spectra are basically idcntical. This
is a natural result assuming uniformity in the chemical composition of the coin. The same
result applies to other coins that were studied. This indicatcs that LIBS techniquc has a
high level of repeatability.

25000 r

20000 |
15000

10000 |

Intensity (A.U.)

5000 |

o
OM_‘H,I

4000 4050 4100 4150 4200 4250
Wavelength (A)

Fig. 3. LIBS spectra for (solid} onc side of a 25 Fils Bahrain coin and (dashed) the other side of the same
coin. The spectra are almost identical.

Figure 4 eompares thc LIBS spectra for three coins: a Saudi 10-Hallalah, a Euro 20
cent, and a token which 1s used for machine gamcs. The results agree favorably with the
NIST atomie spectra database. In comparing, there are some similarities between the three
spectra; for example, all have pcaks at the Fc 4307.9 A. This mcans that all three samplcs
have some iron. It is noted that the gamc token has more iron than the other (real)
currencics.
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Fig. 4. LIBS spectra for (solid) a 10-Hallalah Saudi eoin, (dashed) 20 cent Euro coin and (doticd) a game
token, in the 4000-4425 A region.
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Nonetheless, under careful analysis, there are also distinet differenees between the
spectra. For example, as can be seen at 4022.6, 4062.6, 4179.5, 4274 .8, 42751, 4377.1,
4401.5 A, the game token does not contain copper. The rcal currencies do contain copper.

Moreover, the Euro coin does not have the 4201.2 Ni peaks. Indeed, nickel has been
limited, in the Euro currencics, to the two highest denominations of 1€ and 2€ Euro coins
due to concemns that nickel possibly contribute to skin allergy (Fournier, 2003).

Figurc 5 compares the same three coius as in figure 4, but in a different region of the
visible spectra; namely in the 5250-5550 A region. Again, one comes to the same resulls.
The common peaks at 5269.5 A means that all these samples have some iron. Moreover,
the game token does not produce a Cu peak at 5292.5 A while the other currency coins do
display peaks there. This proves that thc currency coins contain copper.
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Fig. 5. LIBS spcctra for the same coins of figure 4, in the 5250-5550 A region,

The figure also shows that the Euro coin does not display peaks at 5424.6, 5475.4
5494.5 A which arc the Ni peaks, supporting the fact that the 20 cent Euro coin does not
contain nickel.

Unfortunately, the spectra of the Saudi 10-Hallalah and the Bahrain 25 Fils are very
similar, and this is presumably because the two currencies use the same mixture of alloys.
However, a detailed quantitative study may be able to distinguish between the two
currencies. This is beyond the scope of this paper.

The detection system being a (non-gated) PDA, makes the sensitivity of detection
much lower than a gated intensified charge coupled device (ICCD); hence, longer
acquisition times are required. In the experiments described above, the acquisition time
was 30 seconds (1.e. 300 pulses}), with laser energies of less than 2 mJ per pulse irradiating
the rotating sample. This means that the average power was 0.02 watt and thc total energy
absorbed by the sample during the 30 seconds is less 0.6 J. Therefore, the plasma formed
during the experiment can not be more than a few tens of micrograms, and the testing is
essentially "non-destructive”. Figure 6 shows a photograph of thc coins after exposure to
laser light. The coins look as good as new with no apparent damage to its appearance.
Indeed, using gated ICCD, 1t is common for some systems to be able to analyze a sample
in a single lascr shot (De Lucia et af., 2003).
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Fig. 6. a photograph of the four coins used in the experiments afier 30 seconds of laser irradiation. The coins
show nio apparent destruction duc to LIBS.

Conclusion

Differcnt coins have been studied using LIBS which led to distinguishing beiween
real coins on the one hand and a game token on the other. Moreover, the absence of nickcl
in Euro 20 cents has been confirmed. This leads to the conclusion that LIBS can be used
for fast, precise, on-line, non-destructive testing (NDT) of coins. Hence, LIBS can be
bencficial for the identification of currency and also for quality control 1n coins production.

It would be nice to study the accuracy of LIBS technique results, both qualitative and
quantitative, under different photon energy, laser pulse cnergy, optical alignment of beam
with the samplc, and optical alignment of bcam with the detection system. For detectors
that can be galed, it would be nice to study thc effects of delayed time detection (Fisher et
al., 2001).

LIBS is conducive to mterdisciplinary research, a concept very beneficial for
academic research in Sandi Arabia. While the analysis method pertains basically to
physics; it can be used to analyze geological rock samples which serve the Earth Sciences
discipline. The Chemistry department faculty may benefit from LIBS analysis of plastics
while Environmental Scicnce and Engineering research can benefit from LIBS water
contamination studics.

LIBS also emphasizes the potential role that basic science research has with the
industry and prescnts one rcievant method for industrial applications.
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