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We have been examining the emission spectra from laser-induced
breakdown plasmas as a technique for atomic identification. The concept
is straightforward and the apparatus simple (see Fig. 1); the plasma is
a bright source requiring little subtlety to resolve. By adding timc
resolution to the detector, onc moves from LIBS (Laser-Induced Breakdown
Spectroscopy) to TRELIBS (Time-Resolved LIBS) and for most cases gains
considerable sensitivity. Our applications have mostlv becn aimed at
the detection of trace constlituents. The only previous use of this
technique of which we arce aware was a measurement of the fuel/alr ratios
in comhusl’.lon.1

In the lascr=power regimes (from threshold te 10 times threshold)
we have used, one Is dealing with the spectra emitted by singlyv-ionlzed
and cxclited noutral atomle specles. superimposcd on a varving continuum
backpround. Flgures 2 and 3 {11lustrate the time history of the spectrun
in what we thought were pure samples of NZ and 02. The lascer pump pulsi
lasted 80 ns. While the shape of the underlving cont inuum curve s more
a reflection of the silicon diode response than the continuun spectrum,
it I8 clear that the white Hght dies quichly afrer (e laser pump pulse
stops. Both cxamples alsko show clearly that the early spectral lines
are almost purcly lonlce, but thewse algo dle out In the first microsceond,
to be supplanted bv atomic neutral lines. Th: elimination of backpround
improves the contrast ratlo of these late=time lines, and in some cakes
dif ferences in time development cause lines to emerge only at late times,
This can be ween In the late appearance of the hvdrogen lines in Fle. 3,
vhich came from sonwe unknown hvdre, en=bearing impurity in our bhott'c oxveen,



For sensitivity in the real-time detection of trace elements,
TRELISS is the superior technique. 1In many situations, however, LIBS
is adequate and simpler to implement. For examplc, we used LIBS in
field tests designed to detect sodium and potassium in the product stream
of a labhoratory-scale coal comhuster/gasifior.2 The apparw.tus uscd
was that of Fig., 1, with detection by a silicon diode array conupled to
a Tracor Northern IDARSS systom.3 Figure 4 is a survey spectrum from the
pasifier runs and Fig. 5 18 a higher-resolution comparison of the sodium
D lines (unresolved) as seen from a srample of powdered BYU coal and the
pasifier i:self. Both alkali merals were easlly detected in the paslfler
ef fluent, although an aualvsis of the ash found only 4.5% ann and
0.67 K,0.°

Another promising application of cither technique 1s the Ildentitfica-
ition of organic molecules bearing distinctive atomic species. While
fingerprinting of a specilic molecule will pose difficultlier, classes of
molecules (such as organophosphatoes) mav be rapidlv detected. Ax an
example ¢f thix application, we looked for phosphorus lines from a 0.17
sample of DIMP ((03H7)CH3P03 in alr. A l11BS=penerated trio of phosphorus
linvs 18 shown in Fig. 6, along with the calculaied relatlive Intensities
we expectoed to see,

The enhanced mRensitivity afforded by TRELIBRS is shown in eur detee-
tion ot airborw Levvilium compounds., The spectral r1egion of strongest
bervilium lines i shown 1n Fip. 7. The -ample vapor was created by

moving o block of beyvlliam into the laker focal spot (in air), thean

revoving the block to an unirradiated purtion of the containment coll
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while the experiment was carried out. The spectral line at 213.1 nm
is interesting on two counts: first, it is the longest-lived ionic
line we have seen (by the 1 us delay of this trace, most ionic lines
have died out, but this one persists for mor: than 10 Ls...see Fig. 8);
and second, the dip in thc center of the line Indlcates sclf-absorption
in the cooler envelope of the plasma. In Fig. 8, we show the time
development of this particular line. The sclf-absorption is quite
strong at the first two delavs, and the third is «<till susnect. The
Jast two time delavs show both the extremely long-lived character of
this ionic )lne and the late-time sharpening of lines that normallwy
occurs as the electron denxlty diminishes,

The use of TRELIBS for real-time monitoring of alrporne berviliunm
shown in Figs, 9 and 10. In both cas:s the block was irrad'ated, movad
out of the beam as quicklv as porsible, and then the detection sweep
begun. In Fig. 9 the alr {n the «cl]l was unstirred, resulting In the
largr signal at carlv times from a hiph local concentration, This
praduallv fell to a sreadv-state leve! as the plasma shocks dispersed
the sample.  In Fig. 10 the alr was stirred with an {nternal fan, gpiving
a more constant signal. In both cases, the run was terminated by pumping
on onc end of the cell and adritting air to the other end, effectively
flushing out the bervllium. The slgnal response to this actlion wa:
sensibly inatautancoun.

The laser ablation technique put A very small mass of bervl]ium
into the air, but it {sn Jifficult to estimate just how small that sample
was. Various approaches were tried (thermodvonanmic, photon numberws and
surface work function, etc.) and rersulte] {n estimates of the bervl]livm



mass in the plasma ranging from picograms to nanograms. Thils 1issuc

was further confused by trials in which the cell, after some usage, was
taken apart, washed, reassembled, pumped out, and then filled with air.
After a short time the 312.1 nm line reappeared again in the ostensiblv
clean ccll, but would disappear 1if the cell were flushed with fresh
air. The amount of beryllium that would he re-emitted off the walls of
the cell under these conditions is not folt to be large.

Our aim was to develop real-time techniques for atomic detection
with reasonable sensitivitv., We are pursuing a very promising approach
to this goal, and have demonstrated real-time results under difficult
ficld conditions. Our sensitivities have surpasscd our present abilitvy
to measure them, which Is gratifving but will lead to a great deal
more work. While we hid mainly intended o address applications to
hostile enviornments that required non-invas{ve technliques, it (s
apparent that L1BS and TRFELIBS will be quite useful in more mundanc

situat lons.
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CAPTIONS

Figure 1: A schematic of the apparatus required to conduct LIBS (as shown)
or TRELIBS (bv adding a spect-al detector vith time resolution). The
particular s tup shown wis used in our coal gasifier field tests;
many other types of sample cells and detectors have been used.

Flgure 2: The spectrum generated in an atmospheric pressure N, sample at

2
various time delays. This i1llustrates the general behavior seen in
TREL1BS; at early time ionic lines and continuum dominate, to be
replaced by neutral lines of increasing sharpness and contrast at
later times.

Figure 3: TRELIBS spectra for an atmosphere of 02. nominally 99,97 pure.

In addition to the trends seen in the N2 spectra, the late appearance
o, hydrogen lines shows how well trace impurities ran be seen at late
times.

Figure 4: A survey spectrum from the coal gasifier runs, showing the
whole wavelength range detectable with the diode arrav. The desircd
sodium and potassium lines are amoung the strongest szen.

Figure 5: A comparison of the sodium D lines as seen in the gasifier runs,
«.. 1n a laboratory experiment with a powdered ccal sample. The
gasifier spectrum is felt to come predominantly from ash particles
which contain some four times as much sodium as the coal.

Figure 6: A group of phosphorus lines detected from a sample of the organo-
pheaphate DIMP., Positive identification was made both by wavelength
determinations and a comparison tc the calculated intensitiesr shoun

helow.



Figure 7: The TRELIBS spectrum of beryllium in air at a delay of 1 is.
The ionic iine at 313.1 exhibits both abnormally long life and a
self-absorption dip.

Figure 8: A further exploracion of the character of the 313.1 nm
beryllium line as a functior of delay time. Because of the evident
self-absorption, it 1s only at late times that the amplitude of the
line reflects the acrual concentration of the sample. This Is bv far
the longest-lived ionic line we have seen,

Figure 9: An example of monitoring the presence of beryllium in a closed
celi. The sa-.ple was created by laser ablation shortlv before zero
timd, and is dispersed onlv bv the shock waves of the 10-Hz breakdown.
The cell was purged at 55 seconds.

Figure JO: As in Fig. 9, but with a internal fan in the cell dispersing
the beryllium vapor. The purging of the cecll at 65 seconds was again

reflected by the diminution of the signal.



LIBS APPARATUS - BYU CONFIGURATION
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