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INTRODUCTION

Although atomic emission, Huorescence, and absorption
have been ulilized 1n inductively coupled plasma {ICP}
spectroscopy for plasma disgnostics and elemental determina-
Lon. emission spectroscapy from argon ICPs has been (he
dominate technique it clemental analyses involving 1CPs 13
This is probably due to the nuimerous emission lines accessible
in conventional ICP and the complexity of the instrumentation
required for absorption and {luorescence measurements
compared to the relatively simple instrumentation required
for emission measurements.

‘This work udlizes a low power, reduced pressure helium ICP
in a commercial flame unit as both an cmission source and a
reservoir of ground-state atomns for absorption. Helium was
chosen as a plasma gas due to it high lonization potential and
its concurrent ability to elecironically excile most other atoms,
especizlly the halogens. A low power, reduced pressure system
was employed for several reasons. Since helium is so efficient
at eleclronic excitation, low power was selected to help ensure
that there were sufficient ground-state atoms for absorption to
be practicable. A reduced pressure system excludes aimo-
spheric interferences, reduces the number of collisions in the
plasma, and, in the curmrent configuration, provides a long
optical path for absomption measurements,

Since the system operales at reduced pressurc, sample
introduction is accomplished using gaseous analytes in a flow
injection system. The analytes chosen for this study were
argon, arsine, Freon-116, and dichlorosilane.
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EXPERIMENTAL

A Perkin-Elner 1100 flame atomic absorption system
(Perkin-Elmer, Norwalk, CT) was interfaced with a low power,
reduced pressure JCP sysiem as shown in Fig. 1. The bumer
head was removed and a Li-shaped plastic support was insered
inta the bumer to support the plasma rorch. The plasma torch
consisted of an approximately G-in. X ‘-in. Pyrex tube with
quarte windows affixed to each cnd. Two Y-in. Pyrex arms
were: blown onte the main tbe to serve as a gas inlet and
vacuum outlet. The plasma torch was encompassed by a 20
turn load coil, which was connected to the plasma generator,
The gencrator was based on a design by May and May.* and it
has been described previously 3 The generator was constructed
in housc for approximately 3100 and was aperated at a constant
forward power of approximately 15 watts, as measured al the
generator, in this study, The actual power delivered to the
plasma is certainly less than 15 watts, and it can not be easily
estimated since neither the phase angle between the cartent and
voltage nor he reflected power have been measured for this
gencrator, The helium (commereial grade, Airgas, Inc.) carrier
gas flowed into a six-post injection valve (Valco Instrurments
Co, Houston, TX) and then into the left-hand inlet of the
plagma torch. The flow of the carrier sas was monitored by a
Maodel 8112 mass flow meter (Muatheson Gas Products). A
small picee of vacuum mibing connected the ptasma torch to the
laboratory vacuum manifold on the right-hand side of the torch,
The laboratory manifeld consists of approximatcly 24 feet of
Ye-mceh tubing, which is connecled to a Trivac, Mode] DSA
vacuum pump (Leybold Vacuum Products, Export, PA). The
plasma was ¢llipsoidal, centered on the load coil, and occupicd
approximately ane half of the torch length.

Samples were introduced through the Six-port injection valve
equipped with calibrated sample loops ranging from 10 to 1000
ul. Argon was commercial grade (Airgas, Inc.). Arsine and
dichlorosilane were purchased as certified mixtures in helium at
6.5% and 1.00% from Matheson Tri-Gas, and the Freon-116 at
1.08% in helium was purchased from Air Products. Sample
flow was set at approximately 0,002 L min! and was
meusured by a soap bubble meter.

The data were collected from the printer cutput of the
Perkin-Elmer 1100 by a Visual Basic program written in-
house. Imitial optical alignment was accomplished with 1he
inslrument in a continuous mode using the 800.6 nm line of the
argon fill gas from a hollow cathode lamp.

RESULTS AND DISCUSSION

Initial studies were performed using argon as the sample gas.
The 800.6 nm line was selected since il was present as a fill gas
linc in the hollow cathade lamp. This line wus used for bath
emission and absorption studies. The absorption signal was
optimized with respect 1o the carrier gas flow, lamp cumrent,
and sample loop size. Carrier flow was varied from 0.002 1o
0.016 L min~! by increments of D.002 L min~!, the lamp
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Fie. 1. Interface of the low power, teduced pressure ICP showen in it final
conliguration. (I} Plastic support, {2} plasma containment tube, {3) gas intet. (4}
vacunny vutlel, (3) plasma power supply, and (6} injection valve., Noe:
MNumbers 3 and 4 were switched in the initia) configuration: the HCL. is located
10 the left of he torch.
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Fin. 3. Absarption signal obtained for three sequential injections of arpon. % =
806.6 nm1, lamp current = TmA, loop size = 100 ul,

current was varied from 6 (o 10 mA by | mA mcrements, and
the loop sizes utilized were 10, 50, 100, 500, and 1000 pl.
In these studies, the absorption signal dropped steadily with
increasing flow ratc. The initial rate of ~0.002 L min~' was
optimal, The absorption signal increzsed linearly with loop size
as shown m Fig. 2; however, no signal could be obtained a: 10
or 1000 yL. For the smallest loop the plasma could not be
suslained, and al the largest size the plasma was quenched by
the analyle injection. Each point represents three replicate
injections. It is important 1o note that in order to obtain the data
in Fig, 2 the plasma would have to be turned off and opened to
atmosphere hetore the loop could be changed, The 100 pL ioop
was chosen as optimal since it exhibited the smallest relative
standard deviation lor replicate injections, 1.2%. Lastly, lamp
current was varied from 6 to L0 mA, and the absorption signal
varicd in a parabolic fashion with lamp current with a
maximum at 7 mA. Figure 3 shows a typical absorption
response from three replicate injections of argon, while Fig. 4
shows the emission response under similar conditions.
Detection fimits were caleulated from average peak heights
and determination (1015 poiars depending on the integration
time) of the backeround signal prior to (he peak. A 3g level
was employed in the calculation.® The mass of gaseous aloms
was caleulated, assuming ideal gas behavior, from the locp
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IABLE L Detection limits obained for various pases.
Daetection linkts ()
Analyie o {am) Absorplion Emission
Argon A, 3G 05 3.78
Arsing As, 1637 961 176
H, 656.3 NiA .30
Freen F b, 5193 N/A 172
C (bhj, 483.2 N/A G978
ichlotsiline i, 2319 300 0.7
Cl, 754.7 MNA 1.6
H, 6563 N/A R

volume, gas compesitien, and the prevailing laboratary
temnperature and pressie.

After the initiul studies with argon were compleled, similar
studies were performed using the conditions for argon analysis
wirh arsine, dichlorosilane, and Freon-116 mixtures in helium.
In the case of the arsine mixlure, absorption signals were
obtained with an As hollow cathode lamp at 193.7 nm.
Emission signals for As were obtamed at the same wavelength
without the hollow cathode lamp being energized. Detection
limits were caleulated as oudined zarlicr, and they are
presented in Table 1. In the case of hydrogen emission from
the arsine sumple, only 4 large negative peak was observed at
the hydrogen alphua {636.3 nm) and beta (486.1 nm) lines unti]
the mict and outlet lines were switched on ihe plasma tube.
Witk the sample hcing tntroduced on the right-hand side of the
plasma, closest to the deteetor, emission si znals were obtained
from the plusma for both hydrogen lines. The alpha line was
used to calenlate the detection limit in Table 1. At the
conclusion of the arsine infection siudy, smull shiny metallic
deposits, probably arsenic, were observed on the inside of the
plasma wbe adjacent to where the lead coil cncompassed the
tube. These deposits were easily removed by rinsing (he tube
with a dilute nitric acid solution,

In the case of dichlorosilane, absorption and emission
signals were obtained for Si at the 251.9 nm line in a similar
fashion. Once again, positive emission signals for hydrogen
and chlorine {754.7 nm} were only obtained with the inlet and
outlet lines switched as described previously. Signals were
obtained and the detsction limits were determined for the
analyte wavelengths as shown in Table 1.

For Freon-116, hexafluoroethane, there are mo elements
present that arc amenable to measurement by absorption.
Carbon emission was monitored at 483.2 nm (bh) for these
studies. In the case of fluorine emission, there were numerous
possible emission lines and bands. Tn order to determine the
prominent lines in the plasma, a spectrum was taken at a right
angle using an Ocean Opties 82000 spectrometer (Ocean
Optics, Inc., Dunedin, FL) with and without Freon-116 in the
plasma. The two spectra were subtracted and the resulting
spectrum is shown in Fig. 5. Two prominent peaks were noted
at 519.3 and 501.5 nm; these were attributed to fluorine band
heads and were investigated further. The 5193 nm line
produced the lowest detection limit.
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Fis. 5. Net emission spectum obtained for a 100 nL injection of 1% Frean

RIE. The buckgronnd He plasma spectrim was subtracted.

CONCLUSION

This work cxamined the feasibility of ulilizing a low power,
reduced pressure helium ICP as an inexpensive spectroscopic
source for emission and absorption in a conventional atomic
absorption instrument. The systern was shown 1o be capable of
obtzining absorptien measurements for Ar, As, and Si and
emission signals from Ar, As, H, §i, Cl, C, and F when
analyles containing these elements were injected into the
plasma. Detection limits under optimized conditions for argon
were in the sub-microgram to sub-nanogram range based an
peak height measurements, No attempt was made (o obtain
peak areas or cotrect for any backaround signals in the
absorption measurements since the instrument was not
equipped with background correction capability.

Although the system is rather crude in its current form, and
numerous refincments could be made, it does show some
promisc #s an inexpensive retro-fit to conventional atomic
absorption systems for specialized analysis of certain gaseous
samples. Based on this preliminary work, future studies of this
system are probably warranted.
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