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BRIEF

Vaporization and ionization interference matrices have a complex

influence on the spatial emission profiles of analyte atoms released in

a miniature ICP. The magnigydes of ﬁhe interference cffects are strongly

influenced by experimental conditions but can be minimal if proper operating

conditions are séle»Led.




ABSTRACT
AN

The magnitude of several classical interelement interferences in a
miniature ICP is found to be small but dependent on experimental conditions.
The origin and manifestation of these interference (matrix) effects are
shown to be complex and 1nf1;enced most strongly by: 1) observation window
in the plasma's tail flame, 2) rf power, and 3) nebulizer gas flow rate.

In particular, vaporization interference matrices (Al and POy) caused a
depression in the intensities of both the neutral atom and ion lines of

Ca with the Ca II line experiencing a larger effect than that of Calu. Con-
versely, easily ionized elements (such as Na and Cs) enhanced both Ca and

Mg neutral atom and ion line intensities, with the atom lines exhibiting a

larger increase than those of the ions. Because both the neutral atom and
ion lines of Ca and Mg are enhanced by Na and Cs, and to identical degrees, a
simple shift in ionization equilibria seems not to produce the observed
interference. Clearly, more fundamental knowledge concerning the forﬁation
and excitation of atoms in ICP sources is needed before interference mech-
anisms can be elucidated. However, with the information gained from the
present study, compromise conditions for simultaneous multielement analysis

can be selected which provide interference levels that are minimal for most, 1

sl

but ndt all, analyte-matrix combinations and are comparable to those found

o b,

in conventional ICP sources.
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Atomic emission spectrometry (AES) has been revitalized during the

past decade through the development of inductively coupled plasma (ICP)

% excitation sources. The exceptional analytical capabilities of ICP-AES

systems have been cited in a recent review (1). However, as with any

anélytical technique 1mprovemen£s are always p;ssible. Recently, we devel-
oped and characterized an ;CP which is 33% smaller than conventional ICP
sources (2), which can be sﬁstained at low radio-frequency (rf) power
levels (i.e., < 1.0 kW) and which requires only 8 L min~! of argon coolant
gas; these operational advantages can result in a significant savings for

3 the user in both initial equipment and operating costs. Significantly,

a mini-plasma operating under these conditions demonstrated the same ana-

lytical capabilities for which conventional ICP sources have become known

ﬁ (i.e., low detection limits, extended linear working curves, high excitation
temperatures and simultaneous multielement capabilities).
Another important characteristic of an excitation source is its sus-

ceptability to interelement interferences (i.e. matrix effects). It has

become increasingly apparent that interferences can be minimized in con-
ventional ICP sources by proper choice of operating conditions, but the
origin of such effects is complex and not well understood (3-6). Accord- 3
ingly, this subject was not treated in our first report (2) so that a more
détailed and thorough investigation could be completed. Such an investi-

gation is the subject of the present paper. |

The influence of a phosphate matrix on calcium emission is a clas-
sical example of a vaporization interference system in flames and has

been extensively studicd (5,6). The reduced level of this interference

and of a similar one (A1 on Ca) in the ICP have often been used in the

o heaaioies gl
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;iterature to demonstrate thé superiority of the plasma over the flame
fpr analytical applications (3-11). Significantly, Kornblum and de Galan
(3) have cited conflicting reports about this interfe£ence in the liter-
ature. They suggest théf changes in analyte emission which have been
observed are not solely due to simple changes in the rate of analyte
vaporization; rather, a more complex mechanism appears to hold and
involves changes in the-spatial distribution of analyte free atoms,
excitation temperatures and ionization equilibria. Similarly, they have
reviewed the ICP literature concerning the influence of easil& jonized
elements (such as Na and Cs) on analyte emission and B;ve found that
these effects are also complex and cannot be explained in terms of
simple shifté in ionization equilibria. Most importantly, it has been
shown (3,4,12) that the magnitude of all of these interferences depends

critically on three primary experimental parameters: 1) observation

height in plasma's tail flame, 2) nebulizer gas flow rate and 3) applied

" rf power.

In the present study, several classical vaporization (PO, and Al and Ca)

eand ionization (Na and Cs on Ca and on Mg) interference systems are

investigated in the mini-ICP as a function of the three primary experi-

" mental parameters listed above. Detailed spatial emission patterns for

both the neutral atom and ion lines of the analyte species are measured

in the presence and abscnce of the interfering matrix. The experiments

were designed to provide qualitative information about the nature of

intcrferences in the mini-ICP and to evaluste the probability of

establishing useful conditions to minimize their effects. No attempt
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was made to use this information to deduce a comprehensive interfercnce

mechanism; such a step would require knowledge not yet available about

the formation and excitation of atoms in the mini-ICP (3,4,6). In
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addition, these studies demonstrate that the mini-ICP possesses about

the same levels of interference as conventional larger ICP sources.

EXPERTMENTAL
VYV VVVVYVV

The experimental system employed in this study is the same as
4 previously described (2) except for a slightly modified torch and optical
arrangement and a new type of multichannel detection system. The
detection system is similar to the ones that Franklin, et al. (13)
and Edmonds and Horlick (14) employed to obtain spectral emission profiles
of analyte species in flamesand plasmas. In addition, several improve-
ments in mini-torch design were incorporated and a cross-flow pneumatic

nebulizer utilized for several investigations.

Improved Mindi-Torch Design. The basic features of the mini-torch ]
were previously described (2,15); however, several reéent modifications
have improved torch performance. In one modification, the capillary
section at the end wi the injection tube (cf., Fig. 2, ref. 2) has been
extended the full length of the torch, so the sample injection
gas stream is forced to flow in a more laminar pattern. Consequently,

the diameter of the Hmirxtion tube cculd be increased to 1 mm without

affecting plasma stahility. The larger-diameter injection tube enables

the pneumatic nebhulizer to be operated at higher gas flows (where it

demonstrates better stability), while low aerosol injection velocities

and long sample residencc times are maintained (2). Also, polishing the

tip of the injection tuhe avoided problems with clogging and salt build-up.
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Other findings also improved mini-plasma performance. To insure
plasma stability during low-power operation, the top of the plasma
tube (ef., Fig. 2, ref. 2) was positioned 3 mm below the bottom of the
load coil. In addition, the tip of the injection tube was cut

even with the top of the plasma tube.

Nebulizers. The sample introduction system consists of either a
NNV NN
cross-flow (Model TN~l, Plasma-Therm Inc., Kresson, N.J.) or concentri:z
pneumatic nebulizer (2) attached
to a dual-tube spray chamber. Ordinarily, the sample solution is
delivered to the concentric or cross-flow nebulizers by a peristaltic
pump, at a rate of either 0.8 mL min~! or 2.0 mL min”, réspectively.
The aerosols generated by these systems are fed directly into the torch

(i.e., no desolvation apparatus is employed).

Modiéied Optical Debien. Radiation from the tail flame of the mini-

plasma is collected by a spherically concave front—sﬁrface mirror (2)

and imaged 34.7 cm from the entrance slit of the

monochromator. This image is then refocused by a plano-convex lens
(£.1. = 7.5 cnm, diameter = 2.5 em, fused silica, Melles Griot, Irvine,
CA) onto the monochromator's entrance slit; accordingly, the size of the

region observed in the plasma is detérminedvby the entrance s}it's di-

-
p

mensions., The center of the plasma source is located 70.5 cm from the
mirror's center which is in turn positioned 129.8 cm from the entrance
slit of the monochromator. The magnification factor of the total system

is 0.625. An iris is placed at the lers to act as an aperture stop.




To reduce astigmatism, all off-axis angles have been minimized

in this optical arrangement. The optical components are positioned

so a point 20 mm above the load coil (the center of the desired obser-
vation zone) and the centers of the mirror and entrance slit are all in
the same horizontal plane. Importantly, the geometry of the optics is i
such that the sagittal image (produced by.the small angle between the ]
mirror normal and the center of the observation zone in the horizontal

plane) is the objcct for the lens; therefore, submillimeter spatial

resolution in the vertical plane is achievable (16-18).

Detection System., The detection system consists of a silicon intensifier
NANANAANANNNNANANANNNNN

target vidicon tube (SIT) and an optical multichannel analyzer (Model 1205D

TP

Intensifier Detector Head, Model 1205A OMA Console, Princeton Applied
Research, Princeton, N.J.). The signal is displayed on either a CRT

3 monitor (Model 603, Tektronix, Beaverton, OR) or an X-Y recorder (Model
2000 Omnigraphic, Houston Instruments, Bellaire, TX). The target of

; the SIT is 2.5 mm wide and 12.5 mm high and is divided into 500 channels
on 25-um centers; each channel is 25 um wide. Because the target ;s

i oriented vertically in the exit focal plane of the monochromator, it
acts as a’' 2.5-mm wide by 12.5-mm high exit slit. The stigmatic mono-
chromator then provides an assessment of emission intensity as a func-

E tion of height in the ?lasma. Moreover, the 500 channels in the SIT

-

enable a very high vesolution spatial picture to be obtained. Because

practical analyses usually employ emission intensities which are inte-
grated over the depth of the source, no effort was made here to radially
resolve the emission signals from the mini-ICP (i.e., no Abel inversion

is applied).
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Signals from all 500 chaunels of the SIT are sent to the console
of the optical multichannel analyzer for processing. During every
read~in cycle (32 ms accumulation cycle interval), the light signal
integrated since the last.scan at each of the 500 target elements is
digitized and added to the contents of a predefined memory. The number
of input cycles scanned-into memory is selected by the operator. Two
memories are provided, enabling background subtraction to be performed.
In all curves reported or displayed in this report, this background
subtraction has been carried out.

Geometrically, the optics and detector are aligné& so the target
views a vertical slice located in the middle of the plasma's tail flame
and centered 20 mm above the load coil. Because the height of the entrance
slit is made equal to that of the SIT target (i.e., 12.5 mm), the detector
observes a track starting at 10 mm and extending to 30 mm above the
load coil.

The uniformity of the spatial response of the optics and detection
system was evaluated by placing a spatially homogeneous light source
where the plasma's tail flame is normally located. Ideally, a plot of
intensity versus height in the plasma (i.e., channel number) should then
be flat; in reality, the system demonstrated a fairly flat response but
with a slight deterioration in signal near the edges of the target (i.e.,
~20% for the first and last 50 channels). The origin of this inhomo-
geneous response was determined to be in the SIT itself; this non-linear
response could be corrected by appropriate signal processing techniques
but no correction was applied in this study. In addition, the unusually
large deviations observable in all the emission profiles at 15 mm above

the load coil (cf., for cxample, Fig. 5) and the flat responsc observed
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in some plots at 10 to 12 mm (cf. Figure 7A) are also due to imperfections
in the SIT and do not represent true spatial structure in the plasma.
Another important feature of the dispersion and detection system
is its spectral bandpass. Even though the monochromator provides a
high linear dispersion, thé large target size of the SIT (2.5 mm)
establishes the system yandpass at 9.75 X. Consequently, in all the
studies reporteQ below, spectral interferences were carefully evaluated

and proven to be inconsequential.

Operating Conditions fon Spatially Profiling the Mini-1CP. After

a nebulizer is selected, the mini-plasma is ignited under the operating
conditions listed in Table TI. A concentric nebulizer was employed for
the vaporization interference studies and a cross-flow for the ioniza-
tior interference investigations. The cross-flow nebulizer produces

a larger quantity of aerosol than the concentric for a given gas flow
rate; acéordingly, an approximately one-order-of-magnitude increase

in signal is realized. However, the larger quantities of aerosol also
cause plasma instability at low rf powers. Therefore, when this type

of nebulizer is employed, different gas flows and higher rf power levels

are required (cf., TableI).

The iris and entrance slit width are next adjusted so the intensity
of the light striking the SIT does not saturate it. Because this study
is concerned only atout Qertical spatial resolution, a change in entrance
slit width has as its principal effect an adjustment in the intensity
of the dispersed radiation which strikes the detector. Significantly,
the highest line-to-background ratios are achievad at the smallest (but

greater than the diffraction limit) possible slit widths,




il st R i i i B
i : e . ol - v oe B e

e et v Smaraiigmsrains

Once operating conditions are established, analyte (or analyte plus
interfering matrix) is introduced and the resulting signal is read
from the SIT into console memory A. A blank solution (distilicd-deionized
H,0 or a ﬁ;trix-matched blank) is ghen aspirated and the corresponding
signal read into memory B. Memory B is subtracted from A channel-by-
channel and the resulting background-corrected signal is plotted on
the X-Y recorder. Plots of this nature &re generated as a function of
rf power and nebulizer gas flow to obtain a complete profile of the

interferent's influence on analyte emission intensity.

Reagents. Stock solutions were prepared as suggested by Dean and
ANNNNAANN
Rains (19), using reagent grade salts and acids as required. The Na
and Cs concomitants were added as solutions of reagent grade chlorides.

Phosphorus was added as reagent grade (NH,).,HPO, in the Ca-PO, system,

=

whereas the Al concomitant solutions were prepared from the metal. Ten percent

(by volume) of concentrated HCl was added to all solutions so that any

acid effects would not bias the measurements.

RESULTS AND DISCUSSTON
AMNANNANNNANNANANAAAAAAN

Effects 04 nj Powern and Nebulizen FLow Rate on Ca Emission Preog<les.
Figure 1. These ploﬁs-were obtained when a 50 ug mL=! Ca sélution
was introduced by a concentric nebulizer into the mini-ICP operating
under the conditions cited in Table I. The five curves in each section

of the figure correspond to five different nebulizer gas flow rates. The

three frames in the figure (labelled X, Y and Z) correspond to different




rf power levels (750 W, 1.0 kW and 1.25 kW, respectively) established
for the measurements. The relative intensity scales on the
three frames are not the same.

A number of important trends are evident in the profiles of Figure
1. Within any one frame (i.e., at any particular rf power setting),
an increase in nebulizer gas flow produces a higher intensity of analyte
enission and causes the point of maximum intensity to shift higher in
the plasma's tail flame. Consequently, the optimal nebulizer gas flow
will be different from region to region in the plasma. For example
(see Figure 1, frame Y), if a 2-mm-high observation window were
centered 15 mm above the load coil, a nebulizer flow of 1.19 L min~?!
would provide the highest emission signal. However, if the window
were centered at 20 mm, a 1.30 L min~! flow rate would be optimal.

These changes in analyte emission characteristics result from the fact

that both aerosol formation and transport properties and sample injection
velocities (and residence times) are both affected by changes in nebulizer gas
flow rate. »

Another interesting feature 1p Figur; 1 1is the remarkable influence
that rf power exerts on the position of peak analyte emission. For example,
curve 5 peaks in intensity lower in the plasma as the power is increased
from 750 W (frame X) to 1.25 kW (frame Z). Importantly, the relative
intensity scales decréase in sensitivity from frame X to Z, indicating
that Ca I emission intensity increases with rf power.

Figure 2 contains a set of emission profiles similar to those in
Figure 1 but {for the calcium ion line at 393.4 nm. The intensity of

the Ca 11 emission is much stronger than the Ca T line discussed above.




.

Clearly, the spatial behavior of Ca II (Figure 2 ) is quite different
from that of Ca I (Figure 1).

In frame X (750 W) of Figure 2, the emission is greatest at a
nebulizer flow rate of 0.86 L min~! (curve 1); at a slightly higher

flow rate (curve 2) the intensity drops sharply, but remains relatively

constant as the flow iﬁ‘increased further (curves 3 to 5). The peak in
emission intensity also shifts higher in thé plasma as the nebulizer
flow is increased. Spatial shifts in peak intensity also occur as a
function of nebulizer flow rate in frames Y and Z, but to a lesser
extent. Not surprisingly, when the rf power applied té the mini-plasma
is Increased, maximum emissiOn intensities are achieved at higher nebulizer
gas flow rates (e.g., curve 2 demonstrates the highest analyte emission at
1.0kW whereas curve 3 yields the maximum at 1.25 kW). Figure 2 also
shows that the point of maximum emission shifts lower in the plésma as
rf power. is increased (compare curve 1 in frames X, Y and Z). Although
not obvious from Figure 2 because of different scale factors in the
various curves, Ca II emission intensity also increases with rf power.
Figures 1 and 2 demonstrate that Ca II emission intensity changes

more with operating conditions than does that of Ca I, but spatial shifts

in the emission profiles are smaller for Ca II than Ca I. Edmonds and Horlick

(14) observed spatial emission profiles similar to those described above
for neutral atom and ionlines of calcium, but in a ccuventional ICP.
This similarity suggests that the excitation behavior and capabilities

of the two sources are comparable.

Spatial Prodilcs fon Classical Solute Vaposization Interpercnce
MVNANANANNN NNV NNNANANANANNANNANANNANAN NANAANNNANNNANNNNNNAANN NN NN

Systems. 1In this section the influence of an Al or phosphate matrix on
NNV

the spatial emission profiles for Ca neutral atom and ion species is
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examined. Also, the influence of varying rf power and nebulizer gas
flow on these interference effects is investigated. Clearly, to present
curves such as thbse in Figurcs 1 and 2 for all these combinations
would be confusing and redundant, Accordingly, only one interference
system (the effect of Al on Ca I) will be presented in detail; for all
other combinatioms, j“ﬁf one spatial profile will be reproduced to
indicate the magnitude of the effect.' All other influences will then
be summarized by comparison with the disélaycd profile. 1In all the Al
and PO, interference studies, the added matrix does not change the
background level; therefore, the blank used in these sg;dies was
distilled-deionized H,0.

Figure 3 illustrate; the iqfluénce of an Al matrix on the Ca I
(422.7 nm) spatial emission profile as a function of rf power. The
signals in frames X, Y and Z are obtained at powers of 750 W, 1.0 kW
and 1.25 kW, respectively. Curve A in each frame was obtained during
the aspiration of a 50 pg mL™’ ba solution while curve B results when
the Ca solution contains Al at a molér ratio of 50 to 1 (Al:Ca).

At low rf power (frame X), the Ca I emission intensity is sub-
stantially dcpressed.when aluminum is present. However, at higher
powers (frames Y and Z) either an enhancemont or a depression might
be measured, depending on the portion of the p}asma's tail flame which
is observed. For example, if the spectroscopic observation window in
frame Y extended from 10 to 15 mm above the load coil, a depression
would be measured. In contrast, a viewing window from 15 to 20 mm
would register an enhancement. Significantly, if a window covering the

entire region from 10 to 20 mm were employed, the changes would nullify

}
]
!
:
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each other and no iﬁterferehce would be indicated. Clearly, this latter
option would be selected for routine analytical measurements. In each
frame of Figure 3 the occlusion of Ca in an aluminum matrix causes

the emission profile to shift higher in the plasma and to spread out
over a larger vertical region. This shift in peak intensity is most
evident at low rf power (frame X).

Figure 4 shows the effects of added Al and varying nebulizer gas i
flow on the spatial profile of Ca I; the rf power is fixed at 1.0 kW.
Frames 1 through 5 are plotted at nebulizer flow rates (L min™!) of
0.8@, 0.97, 1.08, 1.19 and 1.30, respectively. As in Figure 3, a
slight depression is observed low in the plasma and enhancement high
in the plasma. Significantly, the magnitude of the interference rises

and the spatial shifts in the emission profile become larger (compare

frame 2 and 5) as the nebulizer flow is increased.
The plots in Figures 3 and 4 demonstrate that interferences

can be minimal in the mini-ICP if proper operating conditions are selected.

Conversely, the degree and polarity of an interference is strongly in-
fluenced by the exact experimental parameters employed.

The Ca II (393.4 nm) spatial emission profile plotted in Figure

5 was obtained under the same operating conditions as frame 2 of

Figure 4 (for Ca I) and shows a slightly greater depression when Al

is added than was observed for Ca I. In addition, the shape and position
of the Ca II emission profile (Figure 5 ) does not change as much when
the Al matrix is present as did those of Ca I; accordingly, an, Al-

caused signal depressionvis measured for Ca II no matter what ;ortion

of the plasma's tail flame is observed. Changes in rf power and

nebulizer gas flow do not influence these interference effects greatly,

;
!
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although a small reduction in the degree of interference occurs as
higher rf powers and lower nebulizer gas flows are employed.

Spatial emission profiles for Ca I and Ca II in the presence and
absence of a phosphate matrix (PO, :Ca molar ratio 50:1) are illustrated
in Figure 6. Figures 4 (frame 2) and 5 were obtained under the
same operating conditions as Figures 6A and 6B. A comparison of
these four plots reveals that a similar depression in Ca I and Ca II
emission intensity occurs regardless of whether the matrix is Al or
phosphate but the magnitude of the interference is less with PO.. In
fact, when a complete series of emission profiles for Ca I and Ca II
is examined (similar to Figures 3 and 4 ). the same spatial shifts

and changes with operating conditions are found for phosphate as pre-

viously described for Al. The only difference is a slight, but surprising,

increase in the magnitude of the Ca- phosphate interference as rf power is

increased.

Effect 04 EMQy Tondzed Species (Na and Cs) or Ca and Mg Emdissdon
Paoéileb. In Figure 7, the influence of a N# matrix on the spatial
emission profiles of Ca neutral atom and ion lines is illustrated. A
slight increase (~2%) in the background level occurs when only the inter-
ference matrix is aspirated, particularly at the Ca I line; however, in
both cases distilled-deionized H,0 is used as glank.

Overall, there is a large enhancement in the Ca I line intensity
when a Na matrix is present (c¢f., Figure 7A ). Interestingly, the
magnitude of the interference peaks at 1.0 kW and 1.08 L min~! and
declines as either rf power or nebulizer flow is changed. Also, the
maximum in the Ca T emission intensity profile shifts slightly lower

in the plasma when the Na matrix is present. However, like the influence
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From Figure 8B it can be seen that the Ca II emission can be

either enhanced or depressed by a Cs matrix depending on the exact

; point of observation; however, the level of interference is much smaller
for Ca II than Ca I and is absent if an "averaging' window between 15
and 18 mm is selected. The spatial position of the Ca Il cmission pro-
file is shifted lower in the plasma by the Cs matrix and the amount of

-

the shift grows as the nebulizer gas flow increases. Importantly,

the interference becomes negligible at high rf powers (i.e., 1.0 kW or

greater) and low nebulizer gas flows.

The effects of Na and Cs on the emission profiles of Mg neutral
atom (285.2 nm) and ion (279.5 nm) lines are almost identical to those

for Ca and are therefore not reproduced here. For both matrices the

Mg II line is less affected than Mg I emission and the same spatial !
shifts that were observed in the Ca emission patterns occur. An enhance-

ment in the Mg lines is caused by both Na and Cs but the magnitude of the

NS

effect can be minimized through judicious selection of operating para-
meters. These matrices caused a noticeable enhancement in the background
emission level at the Mg lines; therefore, the saﬁple and blank soiutions

were matrix-matched.

Intenfenence Effects Undern Compromise Condifions fon Simultaneous
MNNNANNNNANNNANNNNNN NN NAANANANANAANNN NAAANANANANNANN NN ANNANANNNNN
Multielement Analiysis. One of the most-cited advantages of ICP sources
ANV
is their ability to perform simultaneous multielement analysis. Accord-

ingly, compromise experimental conditions must be available which provide

high sensitivities and minimal matrix effects for a large number of cle-

ments. The present study reveals that operating conditions (i.e., observa-

tion height, rf power and nebuli.er gas flow rate) can have a considerable
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i of Al and phosphate on Ca II, the effect of Na on the position of the Ca 1
b emission profile does not change with operating conditions.

Figure 7B shows that Ca II emission is slightly enhanced in the

e

presence of a Na matrix, but far less so than for Ca I. However, the

-

Ca II emission profile tends to shift lower in the plasma when the Na
matrix is present. Unlike for the neutral atom line, the amount of
this shift changes with operating conditions; at higher nebulizer

flows or lower rf powers,a larger shift occurs. Accordingly, either
enhancements or depressions in Ca II signal intensity might be seen

when Na is added, depending on the exact size of the observation window

R T T T

and its position in the plasma's tail flame. This same sort of response
is observed for Ca I in the presence of phosphate or Al. Significantly, the
amount of interference decreases as rf power is increased and nebulizer
gas flow is reduced; it is negligible if proper operating conditions

\

are selected.

The effects of a Cs matrix on the Ca neutral atom and ion lines

are shown in Figure 8. No changes in backgrcund emission occur when
a Cs matrix is introduced and distilled-deionized H0 can therefore be
3 employed as the blank. By comparing Figures 7A and 7B with 8A

and 8B, one observes that Cs has about the same effect as Na on the
spatial emission profiles of Ca I and Ca II.

As with Na, the Cé matrix significantly enhances the emission

intensity of the Ca I line and shifts the profile slightly lower in

the plasma. The magnitude of the shift does not change greatly with

operating conditions although the amount of interference is reduced by

increasing rf power and decrecasing nebulizer gas flow.




influence on the magnitude of the matrix effects exhibited by the mini-

ICP. Significantly, the information gained from this study reveals that
conditions can be selected so that interferences are minimal in most
cases.

One important experimental condition is the size and position of
the spectrometer's observation window. A tall viewing window (i.e.,

10 mm) centered at 15 mm above the load coil will provide two advantages:

1) the system will be less sensitive to spatial shifts in emission

profiles (i.e., enhancements and depressions as shown in Figure 8B

will tend to offsct each other) and 2) the measured signal will be

increased, providing improved signal-to-background (and presumably i
S/N) ratios (i.e., low detection limits). In most cases, the small

but finite interferences are diminished by operating the mini-ICP at

high rf power levels; Figures 3 through 8 show that 1.0 kW is adequate.

The third experimental parameter is nebulizer gas flow rate.

Throughout these studies,the lowest interference levels were measured

at the lowest mebulizer flow rates. However, pneumatic nebulizers

become unstable at low gas flows. Accordingly, the following compromise
conditions are suggested for routine work: 0.97 L min~! for the concentric
nebulizer used in the phosphate and Al studies and 0.86 L min~! for the
cross-flow nebulizer used in the Na and Cs investigations.

Table II 1lists the matrix effects exhibited by a mini-ICP operating
under these compromise conditions. The matrix effect is expressed as
the percentage difference in the net line signal (sample minus
blank signal) of an analyte solution by itself and with the interferent
matrix added. Overall, the interferences are quite small except for the

influence of easily fonized species on the ncutral atom lines of Ca aud




Mg. Significantly, the magnitudes of the interferences are comparable

to those exhibited by conventional ICP systems

CONCLUSTONS

MANNNANANY

Experimental conditions (i.e., observation height in the plasma's
tgil flame, applied rf power, and nebulizer type and gas flow rate) can
significantly influence analyte spatial emission characteristics in a
mini-ICP. In addition, the occlusion of the analyte in several classical
interference matrices (vaporization and ionization type) was also found
-to alter the analyte's spatial emission profile. The
magnitude of the interferent's effect was highly influenced by experi-
mental conditions,

Classical vaporization interference systems (such as Al and phosphate)
caused a depression in both the ion and neutral at&m lines of calcium
in the mini-ICP; however, the Ca II line exhibited a larger effect than
did Ca I. Significantly, in both éases (Al and phosphate) the emission profiles
of the neutral atom line were shifted higher in the plasma when the matrix
was present. Possibly, the analyte atoms are being trapped in a refrac-
tory matrix (4) which would require longer residence times in order to
be efficiently atomized. The fact that this shift is minimized at high
rf powers and low nebulizer gas flows also supports a vaporization inter-
ference mechanism. Interestingly, these shifts vere not observed for the
Ca II line, indicating that other excitation mechanisms prevail for this
species. Even though Horlick, et al. (14) did not see identical results
in a conventional plasma, they did detect these same shifting patterns.

Ionization interferences can be significant and, in contrast to the

vaporization interferences, have a stronger influence on neutral atom
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lines than on ion lines. The spatial emission profiles of both the

ion and neutral atom lines of Mg and Ca were shifted lower in the
plasma when either a Na or Cs matrix was introduced. A change in the
mini-plasma'’s excitation temperature profile upon adding these matrices
.could have caused this shift. Changes in excitation temperature such

as this have been reported by Kornblum and de Galan (3) in conventional
ICP sources. Mbreover,lthe fact that both the neutral atom and ion
lines of the aualvte specieé were enhanced by Cs and Na and to identical
degrees does not support a mechanism based on a simple change in ioniza-
tion equilibric. Clearly, more fundamental knowledge ;s needed con-
cerning the effect of sample matrix on solute volatilization, plasma
températures and ionization equilibria before interference mechanisms
can be elucidated in the mini-ICP. These studies are currently under-

way in this laboratory.
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;; TABLE 1 GENCRAL OPERATINSG CONDITIONS FOR MINI-ICP SYSTEM
L concentric cross-flow
nebulizer ncbulizer
a \ b b
rf powerd, W 5 750-1250 850-1250
Argon flows, L min™!
coolant 7.9 . 8.3
plasma 0.3 .. 0
nebulizer 0.86-1.30° 0.75-1.08°

Forward power output from the rf generator.

Range of operating conditions studied.
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TABLE I1I INTERFERENCES EXHIBITED BY MINI-ICP ]
UNDER COMPROMISE CONDITIONS i
Interferent % Change in analyte
_| signal when interferent added?
i Analyte (wavelength) Al PO, Na Cs
Ca I (422.7 nm) -4 + +39 +26 13
‘
; Ca ITI (393.4 nm) =14 -5 +6 %2 |
Mg I (285.2 nm) HO  +42 ¥
'f |
Mg II (279.5 nm) +10 +23 |

+ denotes enhancement and - depression of analyte signal. No

table entry indicates that combination was not studied.

i
!
|
i
I
!
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Figure 1

Figure 2

Figure 3

Figure 4
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FIGURE CAPTLONS

Spatial emission profiles of Ca T (422.7 um) as a function ;
of rf power (Frame X - 750 W; Y - 1.0 kW; Z - 1.25 kW) and
nebulizer flow yate (Curve 1 - 0.86 L min~l; 2 - 0.97 I min~!;
3 -1.081L min‘l; 4 - 1.19 L min'l; 5 - 130 L min'l). A con-
centric nebulizer introduced a 50 ug mL~! Ca solution into
the plasma. Entrance slit width = 30 pm. Intensity scales

are not cqual in X, Y and Z. See text for discussion.

Spatial emission profiles of Ca I1 (393.4 nm) as a function
of power and nebulizer gas flow (same format as Figure 1).

A concentric nebulizer introduced a 50 ug mL™! solution.
Entrance slit width = 20 um. Intensity scales are not c¢ .’

in frames X, Y, and Z. See text for discussion. ]

Effect of Al on Ca I (422.7 nm) emission profiles with
changing rf power levels (Frame X - 750 W; Y - 1.0 ki;

Z - 1.25 kW) . Curve A represents analyte (50 \;g/mL"1 Ca)
signnl and curve B analyte plus interferent (50:1 molar

ratio Al:Ca). Crncentric ncbulizer operated at 1.08 L min~1.

e b S e i i e LA e

Entrance slic¢ width = 30 ym. Intensity scales are not equal

in frames X, Y, and Z.

Effect of Al on Ca I (422.7 nm) emission profiles as a function

of changing nebulizer (conceutric) gas flow rate (Frame 1 -
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.86 L min™!; 2 - 0.97 L miu-l; 3 - 1.08 L min~!;
4 -1.19 L min™?; 5-1.30 L miu'l). Curve A represents

analyte (50 ug mL™! Ca) signal and curve B analyte plus

S

interferent (50:1 molar ratio Al:Ca). Radiofrequency

e oA

power applied = 1.0 kW. Fntrance slit width = 30 pm.

i Intensity scales are not equal in frames 1-5. ]

Figure 5 Effect of Al on Ca II (393.4 nm) emission profile. A con-
centric nebulizer (operating at 0.97 L min'l) introduced
a 50 ug nL.”! Ca solution (Curve A) and the same solution
with aluminum added (Curve B) in a molar ratio of 50:1

(Al:Ca). Entrance slit width = 20 uym and rf power applied =

1.0 kW.

Figure 6 Effect of phosphate on Ca T (422.7 nm) and Ca IT (393.4 nm)
spatial emission profiles. The intensity scales in Figurcs
6A and 6B are not equal. A concentric ncbulizer (opcrating
at 0.97 L mir~!) introduced a 50 g mL~! Ca solution (Curve A)
and thz:%;m. ;o]nliﬁn with aluminum added (Curve B) in a

molar T:!io ©f 50 to 1 (Al:Ca). Rf power appliced = 1.0 kW.

f A) {a i response (top plot): Entrance slit width = 30 um.

B La 3I‘'zospunse (bottom plot): Entrance slit

waith = Z{ i,
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Figure 7 Effect of Na on Ca I (422.7 nm) and Ca IT (393.4 nm) spatial

emission profiles. The intensity scales in Figures 7A and 78
are not equal. A cross-flow nebulizer (operating at
0.86 L min!) introduced a 5 ug mL™! Ca solution (Curve A)
and the same sglution with sodium added (Curve B) in a molar
ratio of 140 to 1 (Na:Ca). Rf power applied = 1.0 kW.
A) Ca I response (top plot): FEntrance slit width = 30 un.
B) Ca II response (bottom plot): Entrance slit

width = 20 pm.

o s
g

Figure 8 Effect of Cs on Ca I (422.7 nm) and Ca II (393.4 nm) spatial
emission profiles. The intensity scales in Figures 8A and
8B are not equal. A cross-flow nebulizer (operating at
0.86 L min~! Ca solution (Curve A) and the same solution
with cesium added (Curve B) in a molar ratio of 140 to 1
(Cs:Ca). Rf power applied = 1.0 kW.
A) Ca I response (top plot): Entrance slit width = 30 um.
B) Ca II response (bottom plot): Entrance slit

width = 20 um.
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