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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
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- TRACE ELEMENT DETECTION*
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 Coherence effects observed as.a funéﬁion_of'mégnétic fié1d.s£rength in
polarized optiéal resonance radiation scattered in the férwérdbdirection are
similaf tp;thosg observed‘in laterally scattéred iight;} Ho&ever, in.the
forward direétion; the‘s¢atte¥ed‘light is itsélf coherenﬁ, givihg rise‘tolline-ff
broadeningngnd cohgrenge in the‘light émitted by differént atéms, which ére
not otherwise obsérvedQ1'2,

. Figureii ShOwS'the'appafatus:ﬁsed,to obserbe thé,fgrwatd scattered
light. »The'iighétséufce.qoﬁsiSts bflé‘qug;tz mercuryvreédnancellamp, COntéin-
ing a singie'isotépe, éxcitéd by é‘radid—frequencx oscillaﬁo?z When the iamp
is placed inva:strong magneti¢ field,4£he Zeemén effect of the éxcited (3P1)

level splits the resonance line into three components, which are distinguished

by their polarization and angular distribution. In the configuration shown,

right- and lef£4circula;1y pglarized cémponents are separated by a small
magnetic-field;dependént frequency from the zerd—field.transitiéﬁ,near 2537.3.
By‘adjﬁéting the field'qn the lamp, these_spectral components'can‘be tuned inj
frequéncy (Zeeman_scanninga);' Wﬁen these.cirCularly polarizeducomponénfs pass
;hroughAthé_Qﬁafterfwave piaté,'they’becomé linea:ly polarized in ortﬁoganaii
directions. 'One coﬁéoneht péssed-thrdugh thé linear polarizer and is |

scattered by the atoms in the éell; the other component is blocked. Some of

the forward scattered radiation can péss the second polarizer, which is ori-

ented to block non-scattered light. Consequently, the scattered light signal /%
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appears with no background. When a magnetic field is applied to atoms in
the cell, a “line-crossing"2 occurs, which is a variatibn.of the intehsity
of forward scattered light with magnetic field streﬁgth. Thé'light intensity
reaches a minimum when the Zeeman levels of the excited state oflthe scat-
tering atoﬁs'croés;rfor instance about zero.field‘strength; When the scat-
.tering atoms are in vacuum, the line-shape ofvthe croséing is Gaussian, but

in air at atmospheric pressure the line-shape becomes Lorentzian." Figure 2

shows the line-crossing curve for natural mercury in 1 atmosphere of nitrogen

(Lorentzian shape). The collisions with the nitrogen molecules broaden the
line-crossing considerably, but substantial scattered light intensities are

obsefved at modest field strengths. By Zeeman scanning the lamp, it was

possible to find the optimum wavelength for the incident light to produce the-

‘maximum forward scattered signal. This wavelength was found to be near the
unshifted wavelength Qf the mercury isotope 198; such laﬁps were then used in
subsequent measurements.

The same apparatus was used to detect small concentrations of mercuryv
in air by replacing the closed ceil with an open absorp;ion tube, having a
side arm serving as an expansion chamber. A sample bf air containing mercury
vapor, taken with a syringe from a tube cohtaining a small pool of mercury at
room temperaturé, was injected into the expansion chamber, and blown into the
absorption tube by a constant flow of carrier gas. The density of atoms in

. . . . 5
the absorption tube under these conditions is given by

N(E) _ Mo TRe/Vp TRV,

= — [ e - e ]
\Y . (Vo VA)
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where N0 is t?e initial atom number, R is the carrier gas flowerate; and VA

. : i . o : .
and Vo are respectively the volumes of the absorption tube and the expansion

--chamber. With this arrangehent,vit was also possible to simulﬁaneously ‘
inject a stroﬁg-interference absorber, such es benzeneevaéo:. "Absorption
signals for mercury vap0r_and‘benzene vapor in air ere showniin Figure 3(a);
they'Were made with the same apbaratus with zero.fieldetrength applied to
both the lamp and tﬁe atoms in’thebabsorption regioh; and with the final
(analyzing) éolarizer removea. Figﬁre 3(b) shews the corresponaing.forwerd
scattered ligh£ signals from a small volume of mercury vapor alone, and also
with benzene interference. The absorption length was 12 cm, and the magnetic

‘field sﬁrenéth near 4 kG; It can be seen that eVen.substahtial relative.
inﬁerference can be tolerated, and that minute‘densities of mercuryv(in this
case near»l ugr/ma) can be observed.. Due to the cohefence of the scattered
light,-the observed signal ie Qropo;tional to the square of‘the length L of
the absorptioh region. Arn increase in this length by a factor of 5 has‘
giVen a detection sensitiQity well in excess of the proposed Federal guide-

line for ambient air.

Research supported by RANN Grant AG 396 and by the U.S. Atomic Energy
Commission. ’ : . .
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" FIGURE 3
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United States Government. Neither the United States nor the United ‘
States Atomic Energy Commission, nor any of their employees, nor ‘
any of their contractors, subcontractors, or their employees, makes

any warranty, express or implied, or assumes any legal liability or b
responsibility for the accuracy, completeness or usefulness of any

information, apparatus, product or process disclosed, or represents i
that its use would not infringe privately owned rights. J
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