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BRIEF
MY

Fluorescence power efficiencics werc mcasured for five
elements in the helium-oxygen-acetylene and air-acetylene flames
and revealed a distinct radiant power conversion increase for

the helium-diluted flame.




ABSTRACT
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Power efficiencies for five elements have been measured
for the helium-oxygen-acetylene and air-acetylene flames. The
; increased power efficiencies found in this study for the helium-

' diluted flame, coupled with its enhanced atom formation capa-

i bilities)suggest that greater atomic fluorescence sensitivity
should exist. However, in a comparison study with an air-
I acetylene flame using identical experimental conditions, a de-
creased atomic fluorescence signal-to-noise ratio was found for
most elements in the helium-diluted flame. This decrease has
been ascribed to greater background emission noise in the higher-
teriperature helium-diluted flame and decreased nebulization
] efficiency caused by the low density of the helium-containing

; " nebulizer gas. A comparison of flame emission detection limits

for the two flames indicates the increased sensitivity of the
higher-temperature helium-oxygen-acetylene flame, despite its

lower nebulization efficiency. i
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Studies of the physical characteristics (1) and atom forma-
tion properties (2) of the helium-oxygen-acetylenc flame have
suggested its application to atomic fluorescence spectrometry.
The properties of the helium-diluted flame correlate well with
those required of an ideal atomic fluorescence flame cell

(3, 4). Among these properties are:

a) high desolvation and atomization efficiencies,
b) 1low background emission,

c) high stability and

d) 1low concentrations of quenching species.

The helium-oxygen-acetylene flame was initially studied
because of its atom formation capabilities (5). In that study,
the desolvation rates of individual droplets injected into a
flame were measured; it was found that replacing the nitrogen
component of an air-acetylene flame with helium doubled the
rate of droplet desolvation. Because of this increased rate of
desolvation, a greater fraction of sémple is available for
atomic spectrometric analysis and the number of large undesol-
vated droplets, which can scatter incident radiation, is re-
duced. A recent study measured the atom formation efficiency

of the helium-oxygen-acetylene flame and showed the flame to

%
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possess atom formation capabilities between those of two commonly
used atom cells, the nitrous oxide-acetylene and air-acetylecne ¢
flames (2).

The background emission spectrum of the helium-oxygen-
acetylene flame is similar to that of the air-acetylene flame (1).
Although the strongest feature in the spectrum of the helium-
diluted flame (the OH band at 310 nm) is four times more intense
than in the air-sustained flame, neither flame exhibits a back-
ground as intense or complex as that of the nitrous oxide-acety-
lene mixture.

Improvements in burner design have increased the stability . |
of the helium-oxygen-acetylene flame (1, 2). The first study
employing this flame gas mixture showed that the helium-diluted

' flame could not be safely supported on burners constructed for
air-acetylene or nitrous oxide-acetylene combustion (5).
However, simple modifications to existing burners allowed the

physical characterization of the flame (2); further develop-

ments in burner construction have permitted the flame to be
i : utilized with a commercial nebulization chamber, resulting in

‘ safe and reproducible performance (2).

The quenching environment of the helium-oxygen-acetylene

b

flame should be favorable, because helium is the principal

flame constituent. Other workers have measured the quenching




effects of helium, nitrogen, argon and other species on the
atomic fluorescence of several metal atoms in flames (6G-9).

Helium was found to possess a smaller quenching cross section

than nitrogen (.14% compared to 6.5 &%), and was comparable
to argon. Because of the low quenching cross-section of heliumﬂ

an increased fluorescence yield should occur for a helium-containing

flame. Verification of this hypothesis is the subject of the
present investigation.
Although the characteristics of the helium-oxygen-acetylene
% flame correlate well with those of the ideal atomic fluorescence :
atom cell, it has never been employed in fluorescence measure-

ments. In the present study, the helium-diluted flame is compared

to the air-acetylene flame in its quenching characteristics.
Specifically, fluorescence power efficiencies are measured in
both flames. It was found that power efficiencies for the helium-

diluted flame were greater, but atomic fluorescence signal-to-

noise ratios were not greatly improved, because of the decreased

nebulization efficiency of the helium-containing nebulization

gas and the increased background emission noise of the flame.

In contrast, emission measurements exhibit lower detection

limits, primarily because of the higher temperature of the

helium-sustained flame.
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Burner. The construction of the capillary burner used in

e

this study has been previously described (2). However, a com- }
’ ponent used to support an inert-gas sheath has been added to
3 the burner assembly. The design of this component is similar
to one previously described (10) and was constructed from 18-

q 4 gauge capillary needles (Popper and Sons, Inc., New Hyde Park,

N.Y.) using the same procedure followed for the burner head :
construction (2). The resulting gas-sheath capillary array
fits snugly around the burner head and contains 212 exit ports
arranged in four concentric circles to provide sufficient
sheathing for the flame.

Instrumental System. A schematic diagram of the optical

system used for the determination of fluorescence power effi-

W NI N ST T B, v N S o R ke

| § ciencies is shown in Figure 1l; a detailed list of the optical
components, detection equipment and experimental conditions is
contained in Table I. In the described experimental system,
the output of the continuum light source was focussed into the

‘ center of the flame by lens, L1. Diaphragm D2 formed the
limiting aperture for the external optical system, while D1

served to reduce the amount of stray light present.

For the measurement of absorption and fluorescence signals,

e&uivalent optical systems were constructed to focus either the

scanibainsinidibiall -
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continuum source or fluorescence radiation onto the appropriate
monochromator entrance slit. Although identical components were
used for each of the detection portions of the system, the equiva-
lence of their optical performance could not be assumed. To
assess their similarity, the magnification produced by each

lens, L2 and L?, was measured. In the absorption portion of

the system, the continuum source was focussed at the center of

the burner, and the size of the images produced both at the burner
and the monochromator entrance slit were determined. For the
fluorescence system, a front surface mirror was placed at the focus
of L1, in place of the burner, to divert the light beam into

the fluorescence portion of the system. Again, the size of both
images was determined. The measurements of image size were made
by placing a.screen at appropriate positions in the optical system
and determining the size of the images on the screen with cali-
pers. Magnifications computed from the results of these measure-
ments agreed to within 54 , indicating a high degree of similarity
in the two optical trains. Any differences in throughput for

the two lenses will be considered in the calibration of the

detector responses described below.
Solutions. Stock solutions were prepared according to
standard methods (11) with reagent grade chemicals and dis-

tilled, deionizeéd water. Successive dilutions yielded solutions
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in the proper concentration range for this study.

Determination of Fluorescence Power Efficiency
WAV AV VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV,AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV,A VA VA VAVAVAV,AVA VAV

Fluorescence power efficiencies for atoms in flames are
equal to the ratio of the fluorescence intensity to the amount
of radiation absorbed from the external excitation source
(6-9, 12-16). For a measurement system employing a monochro-
mator and a continuum source, the following relationship for

fluorescence power yields, Y_, has been derived (12):

Pl
EEGE
P oL, J\ wH_ ) A D,

In equation 1, IF is the measured fluorescence signal;
AIA is the difference in signals recorded for the absorption
measurement (i.e. the difference between the signals obtained
with and without atoms present in the flame) after a correction

for the transmission of the neutral density filter was applied.

Wpr Hpo Wg

H , W_ and HF are the width and height of the entrance slits
of the absorption and fluorescence monochromators, respectively.
The solid angle of radiation incident on the absorption mono-

chromator is given by (O, whereas AF denotes the illuminated area
of the flame from which fluorescence is emitted. AS is the il-

luminated area at the slit of the absorption monochromator.
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Corrections for differences in detector response and optical
system throughput are denoted by DA and DF; the quantities

IFDF and AIADA represent the corrected values of fluorescence

and absorption intensity. Values for these parameters are listed
in Table 2; their determination is described below.

Evaluation of Experimental Parameters. The entrance slit

height of both monochromators (HF and HA) was kept constant at
Smm. The ratio of the slit widths (WA/WF) was approximated by
measuring the ratio of the spectral bandpasses of the monochro-
mators at the slit-width settings used in the power efficiency
determination. The spectral bandpasses were measured by scanning
over a hollow cathode emission line and determining the width

at the half-peak-intensity point of the wavelength trace. Spec-
tral bandpasses determined by this method agreed to within one
percent with the ratio of peak area to peak intensity of the
hollow cathode wavelength scan. The spectral bandpasses of the
absorption and fluorescence monochromators were found to be

0.16 and 0.87 nm, respectively, giving an approximated slit

width ratio of 5.4. For this approximation to be valid, the
reciprocal linear dispersion of the two similar monochromators
must be identical, a condition which is probably met. Regardless,
selection of the proper conditions for determination of the rela-

tive detector response will cause this spectral bandpass factor

SRRSO . ST ST R o7 8 (WS YV
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to disappear from equation 1 (See Appendix A).

| The solid angle of radiation incident on the monochromator,
Q, was calculated as the ratio of the illuminated area of lens
L2 to the square of its distance from the absorption monochro-
mator slit. The present system was found to intercept 0.021
steradians of the fluorescence intensity, which is larger than
the 0.019 steradian acceptance angle of the monochromator. An
assumption made in the derivation of equation 1 requires Q to
be larger than the monochromator acceptance angle; the present
instrument meets this condition. The relative error in the
solid angle determination is estimated to be L1%.

AS'

the area which is illuminated by the continuum source
at the entrance slit of the absorption monochromator is deter-
mined directly. With the Eimac arc lamp, a diffuse circular
image of the arc is produced at the monochromator (17). The
0.48 cm® illuminated area of this image was measured by placing
a focussing screen in the plane of the monochromator entrance
slits, and measuring the image size either photographically, or
visually with calipers. Results of both methods agree to
within 5%,

The area of fluorescence in the flame, AF, can be approxi-

mated as the product of the flame width and the height of the

image of the excitation source at the center of the flame (12).
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The approximation, however, assumes the light is collimated as

it passes through the flame. For the system employed in this
study, the height of the images remains fairly constant through-
out the width of the flame at 1.0 cm + 0.1 cm. A slight increase
in image height is observed near the flame edge. The widths of
the sheathed air-acetylene and helium-oxygen-acetylene flames
were determined to be 1.0 + 0.1 cm and 1.5 + 0.1 cm respectively
at a height of 1 cm above the top of the primary reaction zone.
Flame widths were determined by measuring the photographic image
of a sodium-containing flame. Details concerning the flame
width measurement technique can be found elsewhere (2). The
observation height (1 cm above the primary reaction zone) was
selected on the basis of previous studies (2) employing the

same burner/nebulizer system, which showed that region to contain
the maximum atom concentration for several elements.

To correct for differences in absorption and fluorescence
detector response, the ratio of DF to DA was determined rather
than the absolute sensitivity of each detector. 1In the calibra-
tion procedure, the responses fof both the absorption and fluor-
escence detectors were measured when the output of a stable con-
tinuum source (the Eimac lamp) was directed into each of the

monochromators. A front-surface mirror was placed at the focus

of lens L1 iastead of the burner as shown in Figure 1, and served
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i to direct the continuum radiation into the fluorescence mono-

| chromator. This mirror was removed for the measurement of the

| absorption detector responses. To avoid overloading the photo-.
E | multiplier tubes, a 0.14 T neutral-density filter (sce Table 1)

] was placed immediately after lens L1 instead of directly before

I the absorption monochromator.

’ i The factor DF/DA in equation 1 was calculated by ratioing

the responses of the fluorescence and absorption detectors,

B e

obtained with the procedure outlined above. Separate factors

were measured for the relative detector response at each of the

T ol

; wavelengths employed in the power efficiency determinations.
For each measurement, the monochromator entrance slit height and
width were kept constant at the settings listed in Table 2.

Appendix A describes in more detail the validity of this method.

e

| & _ Experimental Procedure. To evaluate equation 1, both

R

fluorcscence and absorption measurements must be made for each

element being studied. The ratio of fluorescence intensity to
absorbed continuum source radiation was evaluated by recording
peak values for both the absorption gnd fluorescence signals at
the.wavelength of a particular transition for each element. To |
" obtain these peak values, thelmonochromators were scanned over

‘ the wavelength region of the transition and stopped at the wave~

length of maximum absorption or fluorescence. Multiple determina-

-
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tions of the fluorescence and absorption signals were then ob-
tained. For the fluorescence measurements, it was found that
no correction for scattered radiation was required.

In order to correct for self-absorption effects in the calcu-
lated power efficiency value (6, 15, 1G), data were collected
over a range of solution concentrations for all elements, and
a power efficiency value was calculated for each analyte con-
centration. These concentration-dependent power efficiency
values were then extrapolated to zero concentration to obtain
the final reported power efficiencies.

Signal-to-Noise Studies. To assess the utility of the

helium-diluted flame in both emission and fluorescence atomic
spectrometry, signal-to-noise studies were performed for several
elements. For atomic fluorescence, signal-to-noise ratios were
measured in the helium-oxygen-acetylene and air-acetylene flames
for 10 pg mL~' solutions of six elements. This procedure was

selected in order to compare the values for the helium-containing

flame with those for the argon-oxygen-acetylene flame

obtained with a similar method (h).. For all determinations, a

=! and a 3 s time constant were

nebulization rate of 2 mL min
employed. The signal-to-noise ratio for zinc fluorescence was
included in this study, although a power efficiency could not

be determined for that element because of the low sensitivity of
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the absorption detector aystem at the 21%.8 nm zinc resonance
line.
For atomic emission, detection limits for six elements

were determined in both the air-acetylene and helium-oxygcn-

i
:

acetylene flames, using previously described methods (18).

A 100 ms time constant and a 2 mL min~! nebulization rate
were employed for both flames. No attempt was made to optimize i

conditions for the best detection limit values.

RESULTS AND DISCUSSION
ANV

Power Efficiency Measurements. Power efficiencies for five
elements, obtained in both the air-acetylene and helium-oxygen-
acetylene flames, are listed in Table 3. Because resonance
transitions.were employed for all elements, these values also
represent the quantum efficiencies for the transitions (19).

The average relative standard deviation for the values is 107,

most of which arises from variation in the fluorescence to ab-

sorption intensity ratio, possibly caused by nebulizer drift.

The increases in power efficiency observed here upon sub-
stitution of helium for nitrogen are similar to those reported j
by Jenkins (20) in studies on nitrogen-, helium- and argon-diluted
oxygen-hydrogen flames. Ten-fold improvements in power effi-

ciencies were also observed when argon was substituted for nitro-
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gen in a flame-sheathed hydrogen-oxygen-nitrogen flame (13).
This finding suggests that even further incrcases in power
efficiency might be possible for the helium-oxygen-acetylcne
flame if a sheath flame were used instead of the inert gas sheath
employed in the present study.

In Table 3, power efficiencies for the helium-diluted flame
are ratioed to those obtained in the air-acetylene flame. Sig-
nificantly, the ratio for chromium is higher than that for any
other element tested. Johnson and Winefordner (4) measured a
similar improvement in signal-to-noise ratio for chromium over
that for iron, magnesium and copper when an argon-oxygen-acety-
lene and air-acetylene flame were compared. The findings of the
present study suggest that this improvement is caused by an
increased fluorescence power efficiency, although an increased
atom formation efficiency (postulated by the previous workers)
might also contribute to the improvement. No firm reason for
the increased power efficiency of Cr has been established.

The increases in fluorescence powef efficiency for the
helium-oxygen-acetylene flame (cf. Table 3) suggest that ana-
lytical sensitivity might be improved using this flame. Sen-
sitivity increases can be examined through use of a growth curve.
Figure 2 shows an analytical growth curve for copper in both the

air-acetylene and helium-oxygen-acetylene flames. The increased

15
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fluorescence produced in the helium-diluted flame can be at-
tributed directly to improved power efficiency, because it is
known that copper free atom fractions are approximately the same

in both flames (2).

Fluorescence Intensitg Measurements. In the measurements

portrayed by Figure 2, the same nebulizer was employed for both

the helium-oxygen- and air-fed flames. Unfortunately, the nebu-

lizer was optimized for air usage, and further improvements

should be realizable through nebulizer redesign. 1In fact, pre- ‘
vious studies have shown the nebulization efficiency for the

present experimental system to be 16.5% for an air-acetylene

flame, but only 9.9% for the helium-oxygen-acetylene flame (2).

This reduced efficiency results in 40% less sample being intro-

duced into the helium-diluted flame. This fact, coupled with the

larger dilution of the atomic species in the increased flame vo- |
lume of the helium-oxygen-acetylene flame, further underscores
the sensitivity of that atom reservoir.
Signal-to-Noise Comparisons. Despite the increased fluor-
escence intensity produced by the he}ium—diluted flame% atomic
fluorescence signal-to-noise ratios are no better than those
produced by an air-supported flame. Table 4 compares signal-to-
noise ratios for the helium-oxygen-acetylene, argon-oxygen-

acetylene, and air-acetylene flames. Apparently, an increase in
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noise and a decrease in nebulization efficiency in the helium-
diluted flame outweigh the signal gains. As a result, a poorer
signal-to-noise ratio is found for this flame, relative to an
air-acetylene flame. The argon-oxygen-acetylene flame of similar
inert gas/oxygen ratio exhibits the same type of behavior (4).

The reduced signal-to-noise ratio obtained from the helium-
oxygen-acetylene flame (cf. Table !§) can be attributed to in-
creased flame emission which in turn results from the higher
flame temperature. Johnson and Winefordner (4) improved signal-
to-noise ratios in the argon-oxygen-acetylene flame by increasing
the inert gas/oxygen ratio, which produced a lower flame tem-
perature. Similar results would be expected for the helium-
diluted flame, but were not verified in the present study.

Flame Emission Detection Limits. Although the increased
temperature of the helium-oxygen-acetylene flame is a detriment
to signal-to-noise ratios for fluorescence measurements, it is
advantageous in flame emission. Flame emission detection limits,
shown in Table 5, verify this expectation. Moreover, the in-
creased fluorescence power efficiency in the He-fortified flame
contributes to the improved emission sensitivity by decreasing
the fraction of the excited state atoms that are quenched.

In Tables 4 and 5, calcium stands out as an element whose

sensitivity is increased in both fluorescence and emission mea-
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surements. This increase can be attributed entirely to the
enhanced production of calcium atoms in the helium-diluted
flame (2).

The improvements in emission detection limits for the helium-
diluted flame listed in Table 5 correspond closely to increases
in atomization efficiency by that flame (2). This atom forma-
tion efficiency is in the general order Ca>Ba>Sr>Cr>Fe>Cu. The
same pattern is found in the emission detection limit study,
except that Fe and Cr are switched in the order, because of

increased noise at the wavelength of iron emission selected

for.this study.
The foregoing evaluation indicates that the instrumental

system employed in this study is hardly optimal for exploiting

fully the analytical capabilities of the helium-oxygen-acetylene
flame. A number of improvements could be suggested and are

being investigated in this laboratory. For example, changing

the nebulization device employed in the system to yield equal
sample delivery rates for all flame-gas mixtures would allow a
more candid appraisal of the helium-diluted flame. 1In addition,
' the‘incorporation of a sheath-flame in place of the inert gas
sheath might increase the fluorescence power efficiency. Never-
theless, the enhanced capabilities of the helium-oxygen-acetylene
flame demonstrate that further investigation of this atom cell

for atomic spectrometry is merited.
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Appendix A. Determination of the Relative Dctector
Response Factor for the Atcmic Fluor-
escence Power Efficiency Measurement
System.

In the instrumental system employed for the measurement of
atomic fluorescence power efficiencies, two monochromator-
photomultiplier combinations were used to determine the intensity
of radiant signals. Reference to the main text of this work
shows that one detection combination was used in the measure-
ment of fluorescence emitted by atoms in the flame, whereas
the other combination was employed to determine energy absorbed
by the atom cell. For the calculation of the atomic fluorescence
power efficiency, the ratio of fluorescence radiance to absorbed
radiance must be made, requiring a knowledge of the relative
responsivity of the detection combinations.

Generally, the response, R, obtained from a detector placed
at the exit slit of a monochromator when a continuum source of

-1, =1

spectral radiance B(y) in watts cm=®sr='nm~' is incident upon

the entrance slit is given by equation A-1 (21).

R = d B(\) "WHQS (A-1)
In the equation, d is the detector response factor which
indicates the output current level per watt of radiant power

incident on the device. W and H are the width and height of the

T




monochromator entrance slit in cm; S is the spectral bandpass
(in nm) for the selected slit width. The throughput of the
monochromator is represented by r, and the acceptance solid angle
of the monochromator is Q (in steradians). The equation assumes
the source radiation completely fills the monochromator accep-
tance volume. If any external optics are incorporated into the
system, 7T will represent the combined throughput of both those
optics and the monochromator.

When atomic fluorescence radiation is incident on the

monochromator, the resulting detector response is given by:

1F = deF waFnFnF (a=-2)

where PF is the radiance of fluorescence in watts cm~2sr”~!

Similarly, an absorption signal can be expressed:

- A "
AIA dA PA7AWAHAQA (a-3)

where APA is the radiance which is absorbed.

In the equation employed for the calculation of fluorescence
power efficiencies (Eq. 1), the term IF/AIA appears, representing
the ratio of the fluorescence to absorption signals from the
photomultiplier. To correct for the detection system response,

the correction factor DF/DA was applied such that:

20
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From the above treatment, the ratio DF/DA can be shown to be
equal to:

da Ta Wp Hy 0

A
= (a-5)
dp g Wp Hp Op

>

To evaluate this system response factor, the monochromator and
optical system specifications must be measured, in addition to

the detector response factors, d_ and dF'

A
Rather than evaluate each parameter in equation a-5 ,
the combined effect of all the parameters was determined. The
output of a continuum source was directed onto both the fluor-
escence and absorption monochromator entrance slits. The ratio

of the detector responses measured in that experiment can be

expressed by employing equation A-1 to obtain:

d

F
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F
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where the primes designate the quantities used

A

? ’ / ’ ’
TAaNaNAT L,

(A-6)

in the calibration

procedure rather than the absorption or fluorescence signal

detection experiment.

If the same experimental conditions are

used for both experiments, the combination of equations A-5

POV X R
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and A-6 yield:

By & A
D T R s (a-7)
A F A

The equation for the calculation of the power efficiency (Eq. 1)

then becomes:
S
e (IL) ("_'Aﬁ) ("_")(ﬁr;) (fa. : _F) e
P AIA WFHF 0 AS RF SA

The spectral slit width, S, is known to be equal to the product

of the reciprocal linear dispersion of the monochromator, r,

and the slit width, W, transforming equation A-8 to:

¢ i L LT SR

Because two similar monochromators were used in this study,

Nl AN e B RS P

the reciprocal linear dispersions can be safely assumed to be

equal. Also, the slit height for both monochromators was the

) (A=10)

same, leaving equation A-9 as:

= (35) (7))
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Table 1.

Continuum Source

Chopper

el

Experimental Components and Conditions

300 W Eimac illuminator with intcgral
parabolic reflector; powered by a
current-regulated power supply. (No.
VIX-300UV, Varian Eimac Division, San

carlos, calif.)

480 Hz mechanical chopper (constructed
in this laboratory) with associated
lamp-phototransistor reference-signal

generator.

Ll, F.L. = 10.5 cm

L2 and L3, F.L. = 8.5 cm

All lenses are 3.8 cm diameter quartz,

A 0.1 neutral-density filter, N. D.
(Melles Griot, Danbury, Conn.) was placed
at the entrance of the absorption mono-
chromator. D‘ and D2 are iris diaphragms

(1.25, 0.90 cm diameter, respectively).




————

Burner

Nebulizer

Gas Handling System

. Gas Flow Rates

27

Capillary burner with an inert gas

sheath and interchangeable burner heads
for the helium-oxygen-acetylene and air-
acetylene mixtures (see text for further

details.)

Impingement bead-type premix nebulizer
chamber (Model No. 25958) with concen-
tric pneumatic nebulizer (Model No.

20851-01, Instrumentation Laboratories,

Inc., Lexington, Mass.)

Described previously (1).

1.9 L/min acetylene used throughout.
Air/Acetylene flame:

10.8 L/min air with

5.0 L/min nitrogen sheath
Helium-oxygen-acetylene flame:

8.4 L/min helium

2.4 L/min oxygen with

3.2 L/min helium sheath




Monochromators

Detectors

28

Absorption: Digital step-scanning mono-
chromator (Model EU-700) with associated
controller (Model EU-700-32, GCA/McPherson
Instrument?, Acton, Mass.)

Fluorescence: Monochromato£ with pro-'

grammable filter attachment (Model EU-

700-55, GCA/McPherson Instrument, Acton,
Mass.)

Both monochromators are 0.35 m £/, .8 ;
Czerny-Turner mounts with 48 x 42 mm

gratings and reciprocal linear dis-

persion of 20 &/mm.

Absorption: RCA#1P28 photomultiplier was
contained in a Model 50B housing (Paci-
fic Photometric Instruments, Emeryville,
Calif.) powered at -700V with a high
voltage supply (Model EU-42A, Heath

Co., Benton Harbor, MI) -

Fluorescence: An R!!1A photomultiplier

(Hamamatsu Corp., Middlesex, N.J.)

was contained in a Model 3150 housing

(Pacific Photometric Instruments, Emery-




Signal Processing

At s

Readout Devices

B e T ————

ville, Calif.) powered at =-1000V with
a high voltage supply (Model 24!, Keith-

ley Instruments, Inc., Cleveland, Ohio).

The photocurrent was amplified (Model
427, Keithley Instruments Inc., Cleve-
land, Ohio) and converted to a propor-
tional voltage before being processed

by a lock-in amplifier (Model 128,
Princeton Applied Research Corp., Prince-

ton, N. J.).

The resulting signals could be observed
with a strip chart recorder (Model EU-
205-11 with Model EU-200-01 potentometric
amplifier and Model EU-200-02 offset
module, Heath-Schlumberger, Benton
Harbor, Mi.) or an integrating digital
voltmeter (Model 5326B, Hewlett-Packard,

Palo Alto, Ccalif.).

~ - - - T T A e
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Table 2. Evaluated Experimental Constants for, Equation (1).

Parameter Value
HF, HA 5mm

}
w, /W 5.4
Q 0.021 sterad
AL 1.0 cm? air/acetylene flame

1.5 sz HE/OQ/Cznz flame
2
Ag 0.48 cm
L ]

Subscripts A and F denote absorption and fluorescence, respectively.

A’ "

F

War W = width of monochromator entrance slit

F

0 = solid angle of fluorescence radiation collected

AF = fluorescent area in flame

As = area of image at absorption monochromator entrance slit :

= height of monochromator entrance slit
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Table 4. Signal-to-noise ratio comparison
between air-CpH,, He-0.-C,H. and
Ar-0>,-CoH, flames.

q) @ B
Element (s/e:)ne/ (s/N) 5 (s/u)Ar/ (s/N) o8
Zn 0.28 0.71
; Fe 0.11 0.60
i
: Mg 0.34 0.55
Cu 0.43 n.40
Cr 0.46 1.4
i
i
- i (a) Subscripts: He refers to the He-0,-CoH, flame;
air denotes the air-CpH, flame; and

Ar indicates the Ar-0,-CyH, flame.

From Ref. (%). The Ar/0, ratio for these measure-
ment was similar to the He/O, ratio employed in the
present work.
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Table 5. Flame Emission Detection Limits

asr e :
Bl et Wavelength Detection Limit (ug/mL)
(nm) Air/CoH> He/0-/C-H» Ratio
Cu 324 .7 7.21 1.87 3,80
Fe 372.0 - g Z.Th 2.0%
Mn 403.1 2.95 1.12 2.63
ca 4o2.7 0.85 0.079 10.71
Cr 4254 4 .00 0.91 4 ko
Sr 460.7 0.74 0.086 R.F2
m. -

& X% A R W IR

s i 4 ¥
Y TR AR AT A TR AR ARSI




FIGURE CAPTIONS

Figure 1. Schematic diagram of the optical system used for
determination of fluorescence power efficiencies.

Details concerning the experimental cohponents can

be found in Table 1, and a discussion of the ap-

paratus is contained in the text.

Figure 2. Fluorescence growth curve for copper (324.7 nm). 1

A. Helium-oxygen-acetylene flame.

B. Air-Acetylene flame.
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INTENSITY

RELATIVE FLUORESCENCE

<
5.0
Cu CONCENTRATION (pg mCh)

T T
10.0 s 50.0
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