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ABSTRACTS. The new GD/ICP-AES quick change over system has been developed and characterized.
Within less than 15 minutes, ICP-AES could be switched to GD-AES and vise a versa. As a result, both solid
and liquid samples could be analyzed in a very short period of time by the ICP/GD-AES quick change over
system developed in our laboratory. The influences of the experimental variables, such as flow rate of coolant gas,
flow rate of auxiliary gas, flow rate of sample carmrier gas, sampling depth, orifice size of sampling cone, and rf
(radio frequency) power on emission intensity have been presented. The detection limits of Cd(I} 228.8 nm, Mn
(I} 257.61 nm, and Fe(il) 259.95 nm were found to be 3.86, 1.49, and 5.79 ppb, respectively. And linealities of
the calibration curves were measured to be unity

RODUCTION Typical characteristics of ideal atomization sources

represent relatively high temperature, stability, less
interference effects, and easy operation. Induc-
tively coupled plasma(ICP),'” glow discharge

Analytical atomic spectrometry has been used
for a long time in order to analyze many kinds of
samples quantitatively as well as qualitatively. Due

to the nature of atomic spectroscopy, the source
of atomization is a critical component in atomic
spectrometry. Since a flame was adopted as an
atomization source, many researches have been
performed to develope new atomization sources.

(GD),** laser induced plasma(LIP),”" hollow
cathode discharge (HCD)."™! arc, flame, spark dis-
charge,”™" microwave induced plasma(MIP),"*"'¢
direct current plasma(DCP),"” and microwave pla-
sma torch(MPT)"** have been used as atomiza-
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tion sources..

Especially, the sources of excitation in atomic
emission spectroscopy must serve fwo  basic
functions. First, the sources must provide sufficient
energy to desolvate and vaporize constituents of a
liquid or a solid sample and to convert individual
analyte species into gaseous atoms and ions. The
second function is to provide sufficient energy to
excite a fraction of the resulting gaseous atoms or
ions to their electronic energy levels. It is essential
that each of those processes be carried out in a
reproducible manner.

ICP has known as an ideal atomization source
for atomic emission spectrometry since the first
ICP paper was published in 1965. In a relatively
short period of time, it was recognized that the
ICP technique is often superior to other atomic
emission spectroscopic {AES) methods as well as
atomic absorption spectrometry (AAS) in terms of
the precision, accuracy, dynamic range, inter-
ference effects, and detection limits. In fact,
plasma spectroscopy technique such as ICP is one
of the best analytical methods to handle liquid
samples because it does not exhibit many of the
problems associated with the past sources of
excitation. However, solid sample couldn’t analyze
by ICP directly unless it dissolves. Otherwise laser
ablation, spark, and electrothermal vaporizer have
been used in ICP for direct solid analysis.

Glow discharge has capability to analyze solid
directly. Glow discharge is relatively
simple to make and easy to operate. Since the
linewidth is relatively narrow, GD has less spectral
interference comparing to arc, spark or ICP. The
stability of GD is excellent which is about 0.1-1%,
and hence GD has been extensively used to analyze
trace elements in high purity metals especially.

In this studies, ICP/GD-AES quick change over
system has been developed and characterized.
Within less than 15 minutes, ICP-AES could be
switched to GD-AES and vise a versa. The ICP/
GD quick change over system consists of the same
spectrometer and optics for both ICP and GD.
Therefore, both solid and liquid samples could be
analyzed in a very short time by ICP/GD-AES

sample
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quick change over system developed in our labora-
tory. In this report, the hardware configuration will
be reported mainly, and preliminary experimental
results for ICP-AES, such as the effects of several
experimental variables on emission intensity and
analytical performances such as detection limits,
obtained so far will be reported. In a subsequent
paper. plasma diagnostics such as the effects of
excitation temperature, electron density, chemical
interference, and spatial emission profiles would
be reported.

EXPERIMENTALS

The schematic diagram of GD-AES developed
in our laboratory is shown in Fig. 1. As shown
in Fig. 1, the basic structure of the GD-AES
developed in our laboratory is basically the same
as that of conventional GD. A water cooled
cathode (@) made of copper is isolated from
anode (@) by inserting Macor adopter (3). The
saraple to be analyzed (®) is placed on the surface
of water cooled cathode block. Emission intensity
is monitored through the quartz window ({0).

st
N,

Fig. 1. Schematic Diagram of GD-AES without sam-
pling cone. D Bady @) Nozzle 3) Ceramic @) Cathode
block & Ultratorr fitting &) Quartz tube () Cooling wat-
er B Sample (§) O-ring 0 Quartz lens @ Vacuum part.
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Fig. 2. Schematic Diagram of ICP-AES with sampling cone. 1) Body (2} Nozzle @ Ceramic @) Cathade block (B) Ul-
tratorr fitting (8) Quartz tube (7) Cocling water (8) Sampling cone (@ O-ring 40 Quartz lens {1 Vacuum port.

GD-AES in Fig. 1 is readily switched to ICP-
AES as shown in Fig. 2. The schematic diagram
of ICP-AES is about the same as that of GD-AES
in Fig. 1 except for sampling cone (&) and ICP
torch. In fact, solid sample in Fig. 1 for GD-AES
is simply replaced by the sampling cone (&) in
Fig. 2 for ICP-AES. In order to switch from GD-
AES to ICP-AES, the sampling cone is simply
screwed in the cathode block as shown in Fig. 2.
Then, emission is collected through
quartz window ({0) in Fig. 2 as same as in a
commercial axial-viewed ICP-AES. The figures of
merits, such as detection limit and linear dynamic
range, of axial-viewed ICP-AES are known to be
superior to those of radial-viewed ICP-AES.

Basically, there is no moving optics in the
system when GD-AES is changed over to ICP-
AES, and the same monochromator is used for both
GD-AES and ICP-AES. Hence, better precision is
expected. In general, it takes less than 15 min. in
order to change from GD-AES to ICP-AES con-
figuration and vise versa.

The 2000 V and 250 mA power supply (Korea
Switching Co. Korea), and 1.6 kW, 40.68 MHz
radio frequency generator (RFPP ICP 16L, USA)

intensity

are used for GD-AES and ICP-AES, respectively.
The Ar gas was used with a moisture trap (RGF-
125400 Labclear, USA) to remave water vapour
from Ar gas. For the application used in this study,
a Meinhard concentric glass nebulizer, model TR-
50-C1 (J. E. Meinhard Inc, Santa Ana, CA, USA)
was used. An input pressure of 40 psig is required
to obtain carrier argon gas flow rate from 0.6-1.2
L/min. The sample carrier gas flow is fed from
its own gas cylinder, enabling independent flow
regulation. The gas flow is controlled by means of
a pressure regulator and a flow meter. The mass
flow meter (MKS Instrument, CA, USA) is
employed to monitor the gas flow rate. The flow
meter facilitates control of the sample carrier gas
flow rate to within 1% over an approximate range
of 0.5 to 1.5 L/min. Precise control of this flow
rate was convenient in ensuring high reproduci-
bility of conditions during this study. The specifica-
tions of experimental instruments are listed in
Table 1. Since the GD-AES developed in our
laboratory was characterized and reported in
previous papers,m‘22 the ICP-AES switchable to
the GD-AES in a very short time would be
investigated mainly in this study. The basic idea of
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Table 1. Specification of the GD/ICP-AES
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Instruments

Specification

DC Power Supply
RF Power Supply
Monochromator

PMT
DAC/ADC data acquisition

Peristaltic pump
MFC

Cooler
Matching network

2000 Vv, 250 mA {Korea Switching)
RFPP ICP 16L (RFPP, USA)

Spex 1000M (Spex, USA)

Focal length: 1.0 m

1800 grooves/mm, f#:7.8
Hamamatsu R928

PCLAB-812PG (Adventech Lid. Taiwan)
16 analog/digital input

3 analog output

12bit ADC/DAC

Gilson minipuls 3 (Gilson, USA)
0-2 LIMKS instrument, USA)

0-20 L(MKS instrument, USA)
HX-03 (Jeio-tech, Korea)

RFPP 16L

Table 2. The operating conditions of ICP-AES

ICP Condition

RF incident power 0.7-1.0 kW

RF reflected power <15 W

Coolant gas flow rate 12-16 L/min
Sample Carrier gas flow rate  0.9-1.2 L/min
Cutting gas flow rate 0-1.5 L/min
Nebulizer Meinhard concentric
Spray chamber Scott type

GD/ICP-AES quick change over system could be
adopted in GD/ICP-MS.

Cu, Zn, Ca, and Mn standard solutions were
prepared from 1000 ppm stock solutions (Junsei
Chemical Co., Japan) and deionized water with
Milli Q system. The final concentrations of stan-
dard solutions were 1 ppm. High purity of
hydrochloric acid and nitric acid (Dong Woo Co.,
Korea) was used. In order to investigate the effect
of several experimental variables on emission
intensity, emission intensities on Ca(ll) 393.37 nm,
Ca(l) 422.67 nm, Cu(ll) 224.7 nm, Cu(l) 324.75
nm, Mn(Il) 257.61 nm, Mn(l) 27948 nm, Zn(I)
206.2 nm, and Zn{I) 213.86 nm were observed by
varying the magnitudes of the experimental
variables. The experimental variables used in this
study were flow rate of coolant gas, flow rate of
auxiliary gas, flow rate of sample camier gas,
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sampling depth, arifice size of sampling cone, and
rf(radio frequency) power. In addition, the effect
of easily ionized element on emission intensity
was investigated, and the preliminary results are
reported in this paper.

RESULTS AND DISCUSSION

The emission intensities of Ca(ll) 393.37 nm,
Ca(l) 422.67 nm, Cu(Il) 224.7 am, Cu(l) 324.75
nm, Mn(lf) 257.61 nm, Mn(l) 279.48 nm, Zn(I)
206.2 nm, and Zn(I) 213.86 nm were monitored
by increasing coolant gas flow rate from 12L to
16L. 0.9 L of sample carrier gas, 3.5 mm of
arifice size on sampling cone, and 800 W of rf
power were used in this study. As shown in Fig. 3
a)-h), the emission intensities of ionic lines such as
Zn{II} 206.20 nm and Cu(ll) 224.70 nm tend to
decrease by increasing coolant gas flow rate, while
the emission intensities of ail neutral atom lines
does not change. Tt seems that the plasma
temperature was decreased by increasing coolant
gas flow rate, and thus the degree of ionization
was decreased.

In general, coolant gas is used not only to
maintain the plasma discharge but also to prevent
the quartz tube from overheating when it is
tangentially introduced into the annular space
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Fig. 3. Effect of Coolant Gas Flow Rate with 0.90L of Sample Carrier Gas Flow Rate on Emission Intensity. a) Zn(Il}
2062.00A, b) Zn(T) 2138.56A, ¢) Mn(Il) 2576.10A, d) Mn(l) 2794.82A, €) Cu(Il) 2247.00A, ) Cu(l) 3247.54A, g) Ca
{II) 3933.66A, and h) Ca(l) 4226.73A.
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between the outer and inner quartz tubes. In this
way. vortex Stabilization is established. resulting in
a spiral flow up the tube with a low pressure
region toward the center and a high velocity flow
of plasma gas along the walls, Since the low
pressure at the center of the quartz tube produced
by the tangential introduction of the coolant gas is
a function of mass flow rates, the sample aerosol
enters more easily into the plasma at a higher flow
rate of coolant gas. Contrary to the above observa-
tion, the severe cooling effect was observed in
this study when the coolant gas flow rate was
increased.

The same experiment except for 1.2 L of sample
carrier gas flow rate has been performed. As
increasing the sample camier gas flow rate, not
only the tesidence time of analyte in plasma would
be shorten but also the degree of nebulization
would be affected. That is, although a high flow
rate of sample carrier gas enables production of
fine aerosel particles and a high sample throughput
into the plasma, the short residence time. as well
as the cooling effects of the fast flow rate, results
in decreasing the emission intensities of the both
ionic lines and neutral atom lines. Thercfore.
comparing to the emission intensities with 0.9L
of sample carrier gas flow rate, the all emission
intensities of both neutral atom and ionic lines
with 1.2 L were smaller than those of 0.9L of
sample carrier gas flow rate.

The effect of auxiliary gas flow rate on the
emission intensities of Ca(Il) 393.37 nm, Ca(l) 422.
67 nm, Cu(Il) 224.7 nm, Cu(l) 324.75 nm. Mn(Il)
257.61 nm, Mn(l) 27948 nm. Zn(Il} 206.2 nm,
and Zn(I) 213.86 nm are shown in Fig. 4 a)-h). As
shown in Fig 4 a)-h), the emission intensities both
ionic lines and neutral atom lines were decreased
by increasing auxiliary gas flow rate except for Ca
(I) and Ca(ll). In fact, the emission intensity of Ca
(II) was saturated as shown in Fig. 4 g) indicating
the temperature of plasma was relatively high. In
general, it is known that auxiliary gas does not
greatly affect the physical and chemical properties
of plasma itself. However, it's been found that the
emission intensity of both ionic lines and neutral
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atom lines are affected greatly by auxiliary gas in
the axial-viewed ICP-AES used in this study,
Further investigation would be needed.

In order to eliminate the interference effects
from a tail flume of plasma, an argon gas called
cutting gas was introduced toward the plasma
through the orifice of the sampling cone. Since the
oxidation and recombination of the analyte species
would be occurred in the tail flume, severe
interference effects could be expected. Therefore,
several methods have been employed in the
commercial axial-viewed ICP-AES to eliminate
interference effects due to a tail flume. In this
study. the effect of cutting gas flow rate on
emission intensity was observed. As the cutting
gas flow rate was increased from 0.5 to 1.5 L, not
only background emission intensities but also
signal-to-background ratios for both ionic lines and
neutral atom lines are enhanced indicating elimina-
tion of tail flame.

The influences of rf pawer on emission intensities
of neutral atom and ionic lines are shown in Fig. 5
a)-h). In general, as 1f power is increased, the
temperature of the plasma is increased. And hence
enhanced emission intensity as well as the back-
ground emission intensity is observed generally. As
a result, the experimental conditions have to be
compromised to get best signal-to-background ratio,
As 1f power is increased from 700 to 900 W. the
emission intensities as well as background emission
intensities of Ca(ll) 393.37 nm, Ca(l) 422.67 nm,
Cu(Il) 224.7 nm. Cu(l) 324.75 nm, Mn(Il) 257.61
nm, Mn([) 27948 nm. Za(ll) 206.2 nm. and Zn(l)
213.86 nm were greatly enhanced as abserved in
Fig. 5. Especially, signal-to-background ratios of Ca
(N 422.67 nm, Cu(ll) 224.7 nm, Cu(l) 324.75 nm,
and Mn(l) 27948 nm were significantly decreased
by increasing tf power indicating that plasma
continuum background emission is dominant at 900
W of if power.

Emission intensities for analyte and background
would be greatly affected by orifice size of
sampling cone. In this study, 2.5 and 3.5 mm inner
diameter of orifice size were examined, and it was
found that soft lincs such as Ca(ll) and Ca(l)
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Fig. 4. Effect of Auxiliary Gas Flow Rate with 0.9L of Sample Carrier Gas Flow Rate on Emission Intensity. a) Zn(II)
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would be greatly affected by the orifice size while
hard lines such as Cu(Il} and Zn{Il) would not. In
addition, signal-to-background ratios with 3.5 mm
of orifice size was better than that with 2.5 mm of
orifice size, and thus 3.5 mm of orifice size was
used throughout the experiment.

The easily ionized element (EIE) effects in a
flame and dc arc plasma are well known. The
enhancement effect for the neutral atom line in a
flame has been rationalized on the basis of a shift
in the ionization equilibrivm of the analyte atom,
ion, and electrons. The degree of enhancement has
been shown to be a function of the jonization
potential of the added EIE. In a dc arc, the addition
of an EIE changes the excitation conditions in the
arc plasma. The addition of an EIE into an arc
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Fig. 6. The Influence of Na with 0.8L of Sample Car-
rier Gas Flow Rate, and 14L of Cooling Gas on Ca(b)
Emission Intensity. a) 700W, and b) 300W.

causes an increase in electron density and essentially
results in a decrease in arc temperature and no
change in thermal conductivity. This leads to a shift
in the ionization equilibrium and an increase in
residence time of the analyte species in the arc.
Thus, the combined effects produce either suppres-
sion or enhancement of the emission intensities
depending upon the types of the species and on the
excitation energies needed to excite the analyte
species.

Although a radial-viewed ICP-AES has been
known to be less susceptible to EIE effects. an
axial-viewed ICP-AES is susceptible 10 EIE effect.
This is why the dual types of radial- and axial-
viewed ICP are commercialized by several ICP
manufacturers. As shown in Fig. 6 a), 6 b), 7 a),
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Fig. 7. The Influence of Na with 0.9L of Sample Car-
rier Gas Flow Rate, and 14L of Cooling Gas on Ca(Il}
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and 7 b), suppressions for both Ca(l) and Ca(ll)
were observed by adding Na, but the degree of
suppressions would not be affected by the amount
of Na added. The EIE effects observed in this
study would not agree with the others, and thus
the further investigation would be taken.

The detection limits of Cd(Iy 228.8 nm, Mn(ll)
257.61 nm, and Fe(Il} 259.95 nm were observed
3.86, 1.49, and 5.79 ppb, respectively. And lineali-
ties of the calibration curves were measured to be
unity.

CONCLUSION

In this study, GD/ICP-AES quick change over
system has been developed and preliminary results
are presented in this paper. This study has shown
that the GD/ICP-AES quick change over system
shows promise for a new analytical instrument for
atomic emission spectroscopy. In deed, it takes
less than 15 min. to change from GD-AES to ICP-
AES without moving optics and vise versa. As a
result, solid sample as well as liquid sample could
be analyzed in a relatively short period of time by
using GDY/ICP-AES quick change over system.
The cost of the GD/ICP-AES quick change over
system would be inexpensive since there is only
one monochromator and optics.

In this preliminary investigation when several
experimental parameters such as coolant gas flow
rate, auxiliary gas flow rate. cutting gas flow rate,
orifice size of sampling cone, and f power were
varied, the emission intensities reflected many of
characteristics associated with the axial-viewed
ICP-AES. 14 L of coolant gas flow rate, 0.9 L of
sample carrier gas flow rate, 3.5 mm LD. of
orifice size of sampling cone, and 800 W of rf
power were found to be optimum experimental
conditions for GD/ICP-AES quick change over
system developed in this laboratory. However, the
ionization interference effects observed by adding
Na are not the same as those observed in a
commercial ICP-AES, and thus
further investigation is undertaken. The analytical
results such as detection limits, linear dynamic

axial-viewed
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range, and long- and short-term stability were
found to be comparable to those of the commercial
axial-viewed ICP-AES.

The basic principles of GD/CP-AES quick
change over system could be applied to GDACP-
mass spectrometer system. In addition, secondary
discharge effect generated between a copper sampl-
ing cone and plasma would be investigated in the
future. It is evident that emission intensity could
be greatly enhanced by a secondary discharge
generated between a sampling cone and plasma.
Furthermore, the plasma diagnostics such as the
effect of excitation temperature, electron density,
and chemical interference effect will be investigat-
ed near future in our laboratory.
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