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1ZAA
A NEW APPROACH TO CHEMICAL ANALYSIS |

T. Hadeishi and R.D. McLaughlin

A technique wili.be described in tﬁis paper that, we
believe, will revolutionize the field of anaiytical'chemistry when
it is_expioited to its full potential. This technique allows one
to insért a -biological sample into a hot furnace and determine the
amount of Hg, Cd or Pb that was in the sample by shining a light

beam through'the smoke and vapors that come off while the sample

~ burns. This approach requires no chemical treatment of the sample

. and after insertion into the furnate the result is obtained in less

than one minute. This te;hnique representg an extension ofAthe
atomic absorption method so that much more extreme conditions;aré
necessary before interfefences become‘a.problem; Thé'ability to
tolerate larger amounts of potentially interferihg‘substances re-
sults frOm.avprocedure of continuousiy correcting for fhese materials
as the sample burns. This is done by using‘a.light source that has
been placed»in a magnetic field so that the resonant line is split
into its Zeeman components as shown in Figure 1.

| This figure depicts the absorption profile 6f the Hg
253.7 nm liné as it appears in nitrogen at a pressurerf one atmos;
phere. The width of the line is due to the pressure broadening Of'-
the hyperfine comﬁonents of the natural Hg line. This same figure
shows thé relative positionsvof the Zeeman components’éf the Hg

253.7 nm line due to the single isotope 204Hg in the presence of a
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bmagnetic field of 15 KG. The splittihg at this wavelength is about

1/8 A or 2 cm_1. The basic idea of Isotope Zeeman Atomic Absorption
Spectrﬁscopy (IZAA) is to use the outer o components to monitor

the presence of sméke and vapors in tﬁe light beam and the inner

™ ébmponéntvto monitor the presence of the elemeﬂt of interest; in
this case Hg. To do this, use-is made of the fact tﬁat the piénes of
polarization of the o components and the m component are oriented

at 90° with reépect to each other.

Figure 2 diagrams the instrumentation required to preform

- this continuous correction. The optical components of the instrument

consist of an electrodless discharge tube plaéed betweén the poles
of a permanent magnet, an electro-optical device.used.fo rotate the
planes of pdlarizations of the 7 and o Zeeman‘components, a linear
polarizer, a furnace that causes combustion;andvatomizétion of the
sample, appiopriate lenes, wavelength isolation device and phototube.
The planes of polarization of the Zeeman components are rotated by
the use of a variable phasé retardation plate.l" This devi¢é-c§nsi$ts
of a quartz plate clamped inside a C frame of avfransfdrmer éore on

which is wound a driven coil. The length of the plate is chosen

to leave an air gap of 0.5 mm in one side of the spiit core. By

varying the current in the coil a stress is applied to the quartz -
plate whiéh.causes it to beéome birefringent. LightApolariéed along
the stress axis propagates through the quartz at a different velocity
than lighfvpolariied perpendicular to this axis. The plate is

oriented so that the stress axis makes an angle of 45° with the
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‘plane of polarization of the incoming light. - As a result, the

‘plane of polarization of the m and o components are rotated as the

current is increased through the driving coil on the transformer
core.
‘ A linear polarizer positioned in front of this assembly

allows light of one and then the other polarization to be trans-

‘mitted in a sinisodal manner. As a result of this optical arrange-

ment, species that have a continuous absorptipn over the 1/8 A
interval of 253.7 nm cause a change in light intensity falling

upon the'phétotube tﬁat depends on the rate of'arrival and departure
of fhese'species in thé‘light beam; whereas the presence of Hg,atoms
in the light path reéultswin a sinisodal signal which varies at the
same frequency as is ﬁéedvto drive the variable phase retardation
plate. Tﬁese two different types of intensity variations are distiﬁ-
guished by électronically processing the phototube output as shown

in Figure 3.

Tﬂ; output is first fed through an automatic gain control
circuit which electronically variés the gain to autométically éom—
pensate for the attenuation of the transmitted light by the non-Hg
constituents and for variations in the intensity of the electrodless

discharge tube lamp. The output next is processed by a lock-in

~amplifier which amplifies the variation in voltage that occurs at

the same frequency as is used to drive the retardation plate. This
amplified»Voltage is used to charge a capacitor to a voltage that

is monitored by a digital voltmeter. The reading on the digital .
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voltmeté%_is directly reléted to the amount §f Hg”in the sample.2
Although ﬁhis system remains operatiVe as long as the lightvintensity
is not dimiﬁished by more than.SO% of so, a'poiﬁt‘is eventually
reached Whére the ability_qf the AGC to compepséte for the diminished
light intensity is exceeded aﬁd meaningful results can no longer be
obtained. The furnace is designed to minimize the production of
absorbing smoke and vapors so that relatively large amounts of
sample may be used without this point being reached. One tvpe
of furnace~design is pictured.in Figure 4.

| This furnace consists of two chambefss: a’ combustion
chamber and an absorption.chamber. For Hg deterﬁinatiéns the
furance is held at a temperéture of about 900°C;‘aﬁd oxygen
is'cohtinuqusly flowed through the furnace. The ideal is to totally
convert the organic material to carbon dioxide.and water since
neither of these gases adsorb appreciably at 253;7,nm. The larger
the sample that can be introduced the greater the sensitivity of

the instrument. The instrument now can detect'as'little as 0.2 ng

" of mercury-and, depending upon the sample type, the order of 50 mg.

of sample can be used without causing too great an attenuation of’
the light level. This results in a §ensitivity of 4 ppb.for direct
burning of samples; Iniorder to insure sufficient oxygen fof fotal
combustion the sample temperature i; raised above the flame point
in a éhamber of large volume (30 ml). Although fhis does make the -

combustion process more efficient it also causes a tail to appear

on the plot of Hg signal vs time.4 This makes it difficult for
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the opérétpf to know when to stop the intergfatién process. In
order to lessen this problem another design was‘Utilized which
is picturéd-in Figure 5. |

This furnace approximates a tube precéding an absorption
chamber rather than fwo chambers. - As soon as combustion occurs
the products are swept over a long path to raiée the temperature
as much'as.possible and then into the absorﬁtion chamber. This
does solve the tailing préblém but combustion is not so efficient.
In order to achieve the higher témperatures necessary for Cd and
Pb a furnace of a differen; design'was used, (Seé Figufe 6).

JIn this case a furnace made of fire brick with Si C
héatingvelements was utilized. Whereas the earlier furnaces.were
consfructed from stainless étéél,'it was now nécgssary to use Ni
quartz or Al,0,. Ni and quartz seem to be the better since these
materiéls are more resistant to thermal stresé. for ease of con-

structuion, the combustion chamber is now concentric with the

“absorption chamber and more recent models have a window over the

A

end that.is farthest from the entrance port. bPreliminéry results
indicate that for Cd and Pb this furnace acts asja one stage gas
chromatogra?h. In order to achieve atomization pyrolysis occurs
in a flowing sfream of hydrogen. The volatile pyroiysis produéts.
rapidly progress through the furnace but the Pb or Cd requiré 10
to 15 secohds before they appear in the absorption chamber. It
appears that the same methanism allows for the insertion of rather

large (1/2 ml) volumes of solution. The characteristics of this
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furnace are still being determined. ' ks

Table 1 compares.the analytical capébility of the Atomié
Absorpfion.TeChnique~with the Isotope Zeeman Atomic Abéorption " | v
'Techﬁiqué;_ A1though the flaﬁeless AA method has better lower limits ‘ ,
of detéétidn it is not possible to use'large volumes of samples with
this methodvbecause of interference effects. In terms of relative
sensitivity the IZAA method is already superiof_and the potential
of this method has ndt_been exploited to the degfee that has occurred
for AA techniqueé. To reiate this sensitivity‘fé'preseht analytical
needs the fentativé E.P.A. drinking water standards are aISO'included
(in units of ppb).

An example of the application of this téchniﬁue to the
analysis.of a 3% NaCl solution is illustrated in.Figure 7. The
solution was chosen to duplicate the interference problem caused by
sea water.. Time increases from right to 1eft.,iThe broader peaks on
the right result from 10 ng of lead in 20 ullof‘salt solution. The
narroﬁ.péaks on the left result from 10 ng of leadbin 10 ul of |

1% HNO, solutions. We believe the tailing of the salt solution

3
peaks results because lead is contained.in molten NaCl after the

water evaporates and thus comes out more slowly. _The average inter-
gration value for the salt solutions was 197 with a 3.69% coefficient

of variation, The average intergration value for the 1% HNO3 solu- |

tions was 202 with a 2.4% coefficient of variation.



" _Element

Cd
Hg'

Pb

- Wavelength

228.8
253.6

217.0
283.3

TABLE I

SENSITIVITY OF AA COMPARED WITH IZAA

LLD ug/ml -

0.005

0.01

Y'FlamelessA
Pg ppb
0.6 0.6
350 350

7 7

IZAA
pg ppb

10 0.1

100 2

200 2

" Drinking Water

Standards (ppb)

10

~
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Summary
‘We have tried to present a picture of a new analytical
technique that has great potential. Much remains to be done in
thé development of this metho& for other elements and the methods of
combustion and pyrolysis for different tyﬁes of sample maﬁrix.
Efforts are presently underway to develop a variation of

this technique for the detection of molecules.
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FIGURE CAPTIONS

Comparison of emission lines from 204Hg discharge

invmagnétic field with absorption line of natural

- Hg at pressure of one atmosphere

Electro-optical components of IZAA

Electronic compqnents of IZAA

Furnace assembly for combustion of samples for
Hg analysis | C
Furnace design to prevent ''tailing' of Hg signal
Furnace design for Pb and Cd determinations‘

Comparison of lead signal from 3% salt solution

with standard solution.
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