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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 magnitudes of the interference effects  are strongly

influenced by experimental conditions but can be minimal if proper operating

conditions are ~~~~~~~

S t  
-

_ _ _ _ _ _  _ _  _ _  _



— ~~~~~~~~~~ ~~~~~~~~~~~~
- -.S- - -. - -

- 

ABSTI?AC?
W~~~~~~V~

The magnitude of several claesical 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 influenced 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 P0*1) 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 tha t of Cal. 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 formation

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 ,

but not all, analytc-rnatrix combinations and are comparable to those found

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

analytical technique improvements are always possible. Recently, we devel—
4

oped and characterized an ICP which is 33% smaller than conventional ICP

sources (2) , which can be sustained at low radio—frequency (rf) power

levels (i.e., < 1.0 kW) and which requires only 8 L min 1 of argon coolant

gas; these operational advantages can result in a significant savings for

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

(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 cart 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-

ingly, this subject was not treated in our first report (2) so that a more

detailed 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 sPn.W r~~ (5,6). The reduced level of this interference

and of a similar asia (Al on Ca) in the ICP have often been used in the
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literature to demonstrate the superiority of the plasma over the flame

for analytical applications ~9-ll). Significantly, }~ornblum and de Calan

(3) have cited conflicting reports about this interference in the liter-

ature. They suggest that changes in analyte emission which have been

observed are not solely due to simple changes in the rate of analyte

vaporization; i.~ither, a more complex mechanism appears to hold and

involves changes in the spatial distribution of analyte free atoms,

excitation temperatur~~and ionization equilibria. Similarly, they have

reviewed the ICP literature concerning the influence of easily ionized

e~ements (such as Na and Cs) on analyte emission and have found that

these effects are also complex and cannot be explained in terms of

s~iñp1’e shIfts in ionization equilibria. l~bst 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. 
S

- In the present study, several classical vaporization (P0k and Al and Ca)

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

investi gated in the snin i—ICP as a function of the three primary experi-

mental parameters listed above . Detailed spatial emiss.~on pat terns for

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

• iii the presence and abSence of the interfer ing matrix.  The experiments

were desi gned to provide qual i ta t ive  information about the nature of

interferences in~the nini—1 CP and to evalu3tc the probability of

establishing useful conditions to niitim i :~c their effects . No 

a t te mpt~
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was made to use this information to deduce a comprehensive in terference

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

addition, these studies demonstrate that the mini—ICP possesses about

the same levels of interference as conventional larger IC? sources.

4 —

‘ EXPERT ME~trALp
The experimental system employed in this study is the same as

previously described (2) except for a slightly modified torch and optical

arrangement and a new type of inultichannel detection system. The

detection system is similar to the ones that Franklin, et al. (13) j
and Edmonds and Horlick (14) employed to obtain spectral emission profiles

of analyte species in f1am~~and plasmas. In addition, several improve—

ments in mini—torch design were incorporated and a cross—flow pneumatic

nebulizer utilized for several investigations.

Tmp.’&oved ~kn2-To ’Lch Ve&.~QI1. The basic features of the mini—torch
~~~ v~~~vwv-vwvw~~~~

were previously described (2,15); however, several recent modifications

have -improved torch performance. In one modification, the capillary

section at the end vi the injection tube (ef., Fig. 2, ref. 2) has been

extended the full length of the torch, so the sample injection

gas stream is for~~d to flow in a more laminar pattern . Consequently ,

the diameter oft ~a~xL-tion tube could be increased to 1mm without

affecting plasma -~t-akii1fty. The larger—diameter injection tube enables

S the pneumatic nebu1i.z~r to be operated at higher gas flows (where it

demonstrates better sr..ahf:iity) , while low aerosol injection velocities

and long sample residence t imes are maintained (2). Also, polishing the

tip of the injection tube avoided problems with clogging and sai t 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 (cf., 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.

r~ Webu2iLze ’rA. The s~snple introduction system consists of either a

cross—flow (Model TN—i, Plasma—Therm Inc., Kresson, N.J.) or concentric

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 xnL min i or 2.0 mL m1n 1 , respectively.

The aerosols generated by these systems are fed directly into the torch

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

Radiation from the tail flame o~ the mini—

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

and imaged 34.7 cm from the entrance slit of the

monoebromator. This image is then refocused by a plano—convex lens

(f.l. — 7.5 cm , diameter = 2.5 cm , fused silica , Melles Griot , Irvine ,

CA) onto the monochrotnator’s entrance slit ; accordingly , the size of the

region observed in the plasma is det~rmined by the entrance slit ’s di—

mensions. The center of the plasma source is located 70.5 cm from the

mirror’s center which is in turn positioned 129.6 cm from the entrance S

jUt 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.

~

- - -S ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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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

such that the sagitta]. image (produced by the small angle between the

mirror normal and the center of the observation zone in the horizontal

r plane) is the object for the lens; therefore, submillimeter spatial

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

Ve.tec..tLon S stc ~ni. The detection system consists of a silicon intensifier
w~~/vv—

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

Intensifier Detector Head, Model 1205A OMA Console, Princeton Applied

Research , Princeton, N.J.). The signal is displayed on either a CRT

monitor (Model 603, Tektronix, Beaverton, OR) or an X—Y recorder (Model

2000 Oinnigraphic, Houston Instruments, Bellaire, TX). The target of

the SIT is 2.5 nun wide and 12.5 tan high and is divided into 500 channels

on 25—pa centers; each channel is 25 urn wide. Because the target is

oriented vertically in the exit focal plane of the nionochrotnator , it

acts as a~2.5-mxn wide by 12.5—ian high exit slit. The stiginatic mono—

chrotnator then provides an assessment of emission intensity as a func-

tion of height in the plasma. Moreover, the 500 channels in the SIT

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

practical analyses usually employ emission intensities which are inte-

grated over the depth of the sourct , no effort was made here to radially

resolve the emission signals from the mini—ICP (i.e., no Abel inversion

is applied)

- - ~~~~~~~~~ S~~~~~~~~ ---. -S- 5~~-~~~~~~~~-
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Signals from all 500 chaonels of the SIT are sent to the console

of the optical multicharmel analyzer for processing. During every

read—in cycle (32 as 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 aligned so the target

views a vertical slice located in the middle of the plasma’s tail flame

and centered 20 Tan 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 inni above the

load coil.

The uniformity of the spatial resrmnse 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

S response could be corrected by appropriate signal processing techniques

S 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 example, Fig. 5) and the fiat response observed 

-~~~
- -
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in sane plots at 10 to 3.2 mm (cf. Figure 7A) arc also due to impc’rfeetions

in the SIT and do not represent true spatial structure in the plasma .

Another importan t feature of the dispersion and detection system

is its spectral bandpass. Even though the monochromator provides a

high linear dispersion, the large target size of the SIT (2.5 mm)

establishes the system bandpass at 9.75 Z. Consequently, in all the

studies reported below, spectral interferences were carefully evaluated

and proven to be inconsequential. 
-

— 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
After

a nebulizer is selected , the mini—plasma is ignited under the operating

conditions listed in Table r. A concentric nebulizer was employed for

— the vaporization interference studies and a cross—flow for the loniza—

tior interference investigations. The cross—flow nebulizer produces

a larger quantity of aerosol than the concentric for a given gas flow

rate; accordingly , 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 nebu].izer is employed , different gas flows and higher ri power levels

are required (cf., Table I).

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 aLou’t vertical 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 .  S igni f icant ly ,

the highest line—to—background ratios are achieved at the smallest (but

greater than the diffraction limit) possible slit. widths.

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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-~~~~ Once operating conditions are established , analyte (or analyte plus

S interfering matrix) is introduced and the resulting signal is read

from the SIT into console memory A. A blank solution (distilled—deionized

B20 or a matrix—matched blank) is then 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 Lre 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.

Reagci~vt.6. Stock solutions were prepared as suggested by Dean and

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 (NH1.)2BPOi. in the Ca—POh 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 A~V VI SC USSI ON
wwwww~wwvvw~~~

- E~~e.c.t~ o~ ~~ P owv~. cuid NebuL~zvt F.ec’~ Ra..t~ o~i Ca E,n A.on Pn.o~~Le.6.
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

A spatial profile of Ca neutral atom emission (422.7 rim) is shown in

S Figure 1. These p1o~s -were obtained when a 50 ug mL~~ Ca solution

was introduced by a concentric nebulizer into the mini—ICP operating

under the conditions cited in Table I. The five curves in each section

S 

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

three frames in the figure (labelled X , ? and 2) correspond to differen t 

- --- --- ~~~~~~~~~~~~~~ S-~~~~~~~~~~~-~~~~~~~~~~
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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 hare evident in the profiles of Figure

1. Within any one frame (i.e., at any particular rf power setting),

an increase in nebuliz~r gas flow produces a higher intensity of analyte

emission and causes the point of maximum intensity to shift higher in

the plasma’s tail flame. Consequently, the optimal nebulizer gas flow S

will be different from region to region in the plasma. For example

(see Figure 1, frame Y ) ,  if a 2—nun—high observation window were

centered 15 mm above the load coil , a nebulizer flow of 1.19 L min 1

would provide the highest emission signal. However, if the window

were centered at 20 mm , a 1.30 L min 1 flow rate would be optimal.

These èhanges 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 in Figure 1 is the remarkable influence

that rf power exerts on the position of peak arialyte 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 2). Importantly , the relative

S 
intensity scales decrease in sensitivity from frame X -to 2, 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 II emission is rmch stronger than the Ca I line discussed above.

ui J --~~~~~ - -~~~~~~~~~~~~~ - 
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Clearly , th e 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 1 (curve 1); at a slightly higher

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

constant as the flow is increased further  (Curves 3 to 5). The peak in

emission intensity also shifts higher in the 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 2, but to a lesser

extent. Not surprisingly, when the rf power applied to 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 plasma 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. S

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. Ednionds and Horlick -

0.4) observed spatial emission profiles similar to those described above

for neutral atom and ~:0tt 511t1~ 8 of calcium, but in a cc~iventiona1 ICP.

This similarity suggests that the excitation behavior and capabilities

of the two sources are comparable.

Sp a -t~a.~ P o ~ i~Cc4 ~o’t C~a~~.~ca.C So-eu.tc Va tiL:a~t~on 1~itc vtcnce.
S 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
- Suate,t~. In this  section the inf luence  of an Al or phosphate matrix on

the spatial cmi~sion profllcs 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 those in Figures 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 combinations, just one spatial profile will be reproduced to

indicate the magnitude of the effect. All other influences will then

be summarized by comparison with the disp .ayud profile. In all the Al

and P01, interference studies, the added matrix does not change the

background level; ther efo re, the blank used in these studies was

distilled—deionized H20. -

Figure 3 illustrates the influence of an A]. matrix on the Ca I

(422.7 nm ) spatial emission profile as a function of rf power. The

signals in frames X, Y and 2 are obtained at powers of 750 W, 1.0 kW - 1
and 1.25 kW, respectively. Curve A in each frame was obtained during

the aspiration of a 50 ug mL ’ Ca solution while curve B results when

the Ca solution contains Al ata molar ratio of 50 to 1 (A1:Ca).

At low rf power (frame X), the Ca 1 emission intensity is sub-

stantially depressed when aluminum is present. However , at higher

powers (frames Y and Z) either an enhancci~ nt or a depression might

be measured , depending on the portion of the plasma’s tail flame which

is observed . For example, if the spectroscopic observation window in

frame Y extended from 10 to 15 nun above the load coil, a depression

would be measured. In contrast , a viewing window from 15 to 20 nun

S 
would register an enhancement. Significantly, if a window covering the

entire region from ~ ) to 20 nun were employed , the changes would nullify
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each other and no interference 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

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

0.86, 0.97, 1.08, 1.19 and 1.30, respectively. As in Figure 3, a

S 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—IC? 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

tha A]. matrix is present as did those of Ca I; accordingly , an Al—

caused signal depression is measured for Ca II no matter what portion

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

S 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 (P01,: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 613. 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 P01,. 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 diff erence is a slight , but surprising,

— 

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

increased. -

E~~~c.t o ~ Ea.~.LZt; ioiiLze.d Spcc~e~’~ (~Ja and C~ I on Co and Mq Err.~4 ~~o~:

In Figure 7 , th e influence of a Na matr ix  on the spatial

emission profiles of Ca neutral atom and ion lines is il lustrated . A

slight increase (— 2 % ) in the back ground level occurs when only the inter-

ference matrix is aspirated , particularly at the Ca I line; however , in

both cases distilled—deionized ~~0 is used as blank .

Overall, there is a large enhancement in the Ca I line intensity

vh.n a Na m atrix is p :esent (cf ., Fi gure 7A ) .  Interestingly , the

magnitude of’ the interference peaks at 1.0 kW and 1.08 L min 1 and 
S

declines as either rf power or neb u l i ze r  flow is changed. Also , the S

maximum in the Ca I emission intensity profi]e shifts sli ghtly lower

• in the plasma when the Na nh~tr ix is present . However , like the influence 
S

55 — — - -~~~~~~~~~~~~ — - ~~~~~--
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From Figure 813 it can be seen that the Ca II emission can be

either enhanced or dep r essed by a Cs matrix depending on the exact

point of observation; hovever the level of interference is much smaller

f or 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 II emission pro—

file is shifted lower in the plasma by the Cs mat r ix  and the amo un t of
-

the shift grows as the nebulizer gas flow increases , importantly,
a

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

greater) and low nebulizer gas flows .

The effects  of N a and Cs on the emission profiles of Mg neutral

atom (285.2 rim) 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 af fec ted  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

effect can be minimized through judicious selection of operating para-

meters. These matrices caused a noticeable enhancement in the back ground

emission level at the Mg lines; therefore, the sam;le and blank solutions

were matrix—matched .

Jn c’t ciic~ E~~cc-t~s LJndvt Comp&omL.~c ConcLLf~c,,i~ ~c’~ S~muLtancou~
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

MuL&eLcrnen~t A no2if~ t$. One of the most—cited advantages of IC? sources
~~~~~~~~~~~~~ ,WVWVW,W~~

is their ability to perform simultaneous mnultieleinent analysis. Accord— 
S

ingly,  compromise experimental conditions must be available which provide

high sensitivities and minImal ma t:~ix effects for a large’ n umber of ele-

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

tion hei ght , rf power and neb ul L.er gas flow rate) can have a considerable

_ _ _ _  55~~~S_5~~~~~5 S ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~ S -~~~
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of Al and phosphate on Ca II the effect of Na on the position of the Ca 1

emission profile does not change with operating conditions .

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

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. UnUke for the neutral atom line, the amount of

this shift changes with operating cond itions; 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

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 background emission occur when

a Cs matrix is introduced and distilled—deionized I1~O can therefore be

employed as the blank . By comparing Figures 7A and 713 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 Cs matrix significantly enhances the emission

intensity of the Ca I line and shif ts  the profile slightl y lower in

the plasma . The magnitude of the s h i f t  does not change greatly with

operating conditions although the amount of in te r fe rence  is reduc ed by

increasing rf power and decreasing nehulizer gas flow . 

55 - -~~~~~ 
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influence on the magnitude of the matrix ef fec ts  exhibited by the mini—

IC?. Signi f icant ly ,  the information gained from this study reveals that  =

conditions can he 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 . ,
~1 10 mm) centered at 15 tam above the load coil will provide two advantages :

1) the sys tem will be less sensitive to spatial shif ts  in emission

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

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

increased , providing improved signal—to—background (and presumably

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 riebulizers

become unstable at low gas flows. Accordingly, the following compromise

conditions are suggested for routine work: 0.97 L min 1 for thc -concentric

nebulizer used in the phosphate and Al studies and 0.86 L min~~ for the

cross—flow nebulizer used in the Na arid Cs investigations.

S Table II lists the matrix effects exhibited by a mini—IC? operating

under these compromise conditions . The matr ix  ef fec t  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 addeil . Ot’c’ral] , the interferences are qu ite s~’;ifl except for tht

influence of e a s i ly  ionized spc’cier on th e  neutral atom I ines of Ca and

-— 
_____ —~~~~~~~
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Mg. Significantly, the magnitudes of the interferences are comparable
‘V

to those exhibited by conventional IC? systems

- COPJCLUSIOVS
w~~~~wvwv~

Experimental conditions (i.e., observation height in the plasma’s

tail flame, applied rf tower, and nebulizer type and gas flow rate) can

significantly influence analyte spatial emission characteristics in a

mini—IC?. In addition , the occlusion of the analyte in several classical

interference matrices (vaporization and ionization type) was also found

to alter the artalyte ’s spatial emission profile. The

S 
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 atom lines of calcium

in the mini—IC?; however , the Ca II line exhibited a larger ef fec t  than

did Ca I. Significantly , in both cases (Al and phosphate) the emission profile4

of the neutral atom line were shifted higher in the plasma when the matr ix

was present . Possibly , the analyte atoms are being trapped in a ref rae—

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 ‘~‘ere liot observed for the

Ca II line, indicating t’hat other excitation mechanisms prevail for this

S 
species. Even though Horl ick , ee al. (~.4) did riot see identical results

in a conventional plasma , they did detect these same shifting patterns .

Ionization interferences can be significant and , in contras t to the

vaporization in te r fe rences , h ave a stronger influence on neutra l  atom

- k ~~~~~~~~~~~~~~~~~~ S - 5  ~~~~~~~~~~~ S 5 S~~S” ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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lines than on ion lines . The spatial emission profiles of both the
V

ion and neutral atom lines of Mg and Ca were shif ted lower in the

plasma when either a Na or Cs matrix was introduced. A change in the

mini—plasma ’s excitation t emperature profile upon adding these matrices

could have caused this sh i f t .  Changes in excitation temperature such

as this have been reported by Ko rnb lum and de Calan (3) in conventional

IC? sources. )breover, the fact that both the neutral atom and ion

lines of the aualvte species were enhanced by Cs and Na and to identical

degreez does not support a mechanism based on a simple change in ioniza-

tion equilibriz . Clearly, more fundamental knowledge is needed con—

cernIng the effect of sample matrix on solute volatilization, plasma

temperatures and ionization equilibria before interference mechanisms

can be elucidated in the mini— IC? . These studies are currently under—

way in this laboratory.

-~~~~~ 
~~~~~~5 5 ~~~~~~ 5 ~~~~~~~~~— .
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TABLE I GENERA L OPERA IJNI COtJDITIONS FOR M I N I - I C P  SYSTE~’

concent ric  cross—flow
nebulizer neb ulizer

- 
rf powera, w 750_1250b 850_1250b

-
~ Argon flows , L irin~~

coolant 7.9 8.3

plasma 0.3 - - 0

- nebul izer 0 86_1 30b

a Forward power output  from the rf generator.

I
Range of operat ing conditions s tud i ed .
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TABLE I I  INTER FERE N CE S EXHIBITED BY ~IN l— I CP

UNDER CO~~ ROMI SE CONDITIONS

Interferent % Change in anal te

~ signal when in t e r f e re n t  addeda

Analyte (wavelength)  Al PO~, Na Cs

Ca I (422 .7  nrr ) —4 +4 +39 +26

Ca II (393.4 nra) —14 —5 +6 
- 
+2

Mg I (285.2 nra) +40 +42

Mg II (279 .5  nm) 
5 

+10 +23

a 
+ denotes enhancement and — depression of analyte signal. No

table entry indicates tha t  combination was not s tud ied . 
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FIGURE CAPTIONS

Figu re 1 Spatial emission p r o f i le s  of Ca 1 ( 4 2 2 . 7  urn) an a fuiict ion

of r f power (Frame X — 750 W; Y — 1.0 kW; Z — 1.25 kW) and

nebulizer f low yale (Curve 1 — 0.86 L m 1u 1 ; 2 — 0.97 L m i i H

3 — 1 . 0 8  L min 1 ; 4 — 1.19 L n i i n ~~ ; 5 —  130 1. in ln ’) .  A con-

centric nehulizer introduced a 50 pg iiiL~~ Ca solution into

the p lasma. Entrance ~-~li I wid th  30 p m .  I n te n s i t y  sca1(~s

- : are not equal in X , Y and Z. See text for discussion .

S 
Figure 2 Spatia l emission profiles of Ca II. (393.4 nm) as a function

of power and nehulizer gas flow (same format as Figure 1).

A concentric nebulizer introduced a 50 pg mL 1 solution .

Entrance slit width 20 tim. Intensity scales are not i

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

Figure 3 Effect of Al on Ca I (422.7 nm )  emission profiles w t h

changing rf power levels (Franc  X — 750 W ; Y — lS~~0

— 1.25 kW) . Curve A i4 pr~Y ~mts ana l ’~tc (~ 0 p g/ m t[1 
Ca)

sign -, .10(1 cu rv (  B anal I t ’  p l . tis in t e r  ui~ lnnt (50: 1 no 1 ‘i s

ratio ,‘.i: Ca) . C~’n c e i i Lr i c  n&’lsiljzer 03)erate(1 at 1.08 L rn in~~

Entrance s1i~ width = 30 pm . Intensity ncaL~ . -ire cc’ equal

in frames X , Y , and 7.

S Figure 4 Effect of Al on Ca 1 (422.7 ma) emission profiles an a furic t ion

of changin~; n ebu i  I -~~r (concciiti Ic) ~~in f l o w  r a t  e (1’rame 1 —

- - 1
- 
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J .86 L rn in~~~; 2 — 0.97 L m1u 1; 3 — 1.08 1. z u I n 1

4 — 1.19 L min 1 ; 5 -- 1.30 L niiu 1 ) .  Cur ve A r&pr es( ’zIts

anal yt c ( 50 pg mL~
1 Ca) si gnal. and curve B ailal y t e  p lus

inter ferent  (50:1 molar r a t io  A1:Ca ) . Rad io f r oqucu cv

po wer app l ied 1S~~ 0 kW . I~nt rance sl it wi d t h  = 30 p m .  
-

S

Intensity scales are not equal  in frames 1—5.

- - Figure 5 E f f e c t  of Al on Ca Ii (393.4 rim) emission profile . A con-

centric nebulizer  (opera t ing  at  0.97 L mirt 1) in t roduced

a 50 ~g mL~~ Ca solution (Curve A) and the sane s o l u t i o n

with aluminum added (Curve B) in a m o la r  r a t i o  of 50:1

(A 1:Ca) . Entrance slit width  = 20 pm and rf  powe r appli ed

1.0 kw.

Figure 6 Effect of phosphate on Ca J (422.7 nrn ) and Ca II (393.4 t”r )

spatial emission p r o f i l e s . The intensity s~ai en in Fl g u i ’ s

6A and GB are not e~ tial. A concent r ic  n c b u l i z e r  (~ p’~r a t i n ~

at 0.97 L min~~) introduced a 50 pg rnt[
1 Ca s olut  i on  (Cur vc  A)

and tlu ~~~~~~~~ :- ml ~‘! ion wi tt~ a l u m i n u m  added (Curve B) in  a

rn oia~ ~~. t  i &. ~t’i ~. to I (Al Ca). RI l’ot5:l ’r a p p i lcd = 1.0 kW .

A) ~~~ I re~.poiise ( top p l o t) :  Ent rance  ~ilit width 30 ~tn .

S La ~ i ‘ ; - - ‘n e (bo t tom p l n )  : En t r anc e  s lit

= :~.
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Figure 7 Effect o. Na on Ca I (422.7 nm) ~nd Ca I I ( 3 9 3 . 4  nrn) spat  m l

emission profiles. The In t e ns i t y  scales in F i ~~urt ’s  7A and 711

are not equal.  A cross—flow n ebul ize r  (opera t Lug at

0.86 L min 1) Introduced a S pg mL~ Ca solution (Curve A)

and the same solution with sodium add cd (Curv e B) in a m o l a r

ratio of 140 to 1 (Na:Ca). Rf power app lied = 1.0 kW.

A) Ca I response (top pl o t ) :  E nt r a n c e  s l i t  w i d t h  30 tn’ .

B) Ca II response (bot tom p l o t ) :  En t rance  s l i t

width = 20 pm.

Figure 8 Ef fec t  of Cs on Ca I (422 .7  m i )  and Ca II (393.4 nrn) spat ial

-~ emission profi les.  The Intensity scales in Figu r es 8A and

S 8B are not equal . A cross—flow nebulizer (operating at

0.86 L min~~ Ca solution (Curve A) and the same so lut i i

with cesium added (Cu rve B) in a molar ra t io  of 140 to I

(Cs:Ca) . Rf power app lied = 1.0 kW.

A) Ca I response (top p lo t ) :  Entrance sli t w i d t h  = 30 urn .

‘ B ) Ca II response (bot tom p lot) :  Entrance  s i t

width  = 20 pm.

~

_ _ _ _ _
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