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BRIEF

New procedures are described for employ ing micro-sampling

ne bul i zer cones , and burner memory effects are shown to be greatly

reduce d .
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TITLE

Procedural Innova tions and Memory Effects with the Micro—

samp ling Nebu lizer Technique for Premixed Fl ame Anal yti ca l Atomic

S pectrometry.

ABSTRACT

Stu dies are presented describing new ‘t on- the—spot ” micro —

cal ibration (standard addition) and mi cro—dilut ion procedures and

app ara tus to be used wi th a small volume nebul i zer techn i que for

anal ytical atomi c spectrometry . Improvements in burner memory

probl ems are shown to result when the micro -samp ling techni que

is used. Tolerance of the me tho d to com plex ma tr i ces i s ev a lua ted ,

and appl i cability is demonstrated to premixed flame emission and

atom i c fluorescence as well as atom i c absor pti a n spectrometry.



INTRODUCTION

Al thou gh the development of h i gh sensi tivity thermal (Delves ’

cup, boat , etc. (1 ,2) ) and el ectro-therroal (graphite furnace ,

carbon rod , tantal um strip, etc. (3,4,5)) atomi zation , ul trasonic

nebulizers (6,7), “hi gh sol i ds” nebul lzers (8) and “on line ” pre—

concentra tion (hydri de genera tion , etc. (9,10)) techniques may

provide greatly improved performance in a variety of specialized

applications , the combined premix ed flame and capill ary pneumati c

nebu lizer will probably continue for some ti me to be the most

“purchase d” and mos t “used” sam ple in troduc ti on techn iq ue for gen-

eral anal ytical atomi c spectroscopy of most samples a’nd el ements .

The improved operati onal convenience , reduced anal ysis time , 1~ vel

of precision , and low cost of the capillary nebul i zer generally

make i t the method of choice unless . the samples are too comp lex ,

too low in anal yte concentration , or too small in vol ume. These

ex treme conditions will then dictate the tradeoff of one or more

desirable characteristics of the pneumatic nebulizer in favor of

a different method.
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The atomic absorption studies of Sebastiani et. al . (11), Mann i ng

(12), and Berndt and Jackwerth (13) demonstrate that samp les in

the ran ge of 15 - 200 ~L may be pipetted into non—wet ted plasti c

sampling cones moun ted on the capilla ry tube of a premix capillary

pneumatic nebul i zer yiel ding transient recorder responses of pre-

cision and sensitivity similar to that achievable with normal larger

(1 — 5 mL) samples. This is a result of the “zero dead v olume ”

of such cones and the hydrophobic cone mater ial that enable the

entire samp le to enter the nebulizer capi l lary in a sing le I
~ p 1ug ut

.

The method i s repor ted to be rapi d , convenient , an d less susce p-

tible to system clogging (11) than normal steady state aspiration

techn iques since less total amount of matrix is aspirated per anal y-

sis .

Regardless of the sample introduction technique used for analysis ,

it is generall y desirable to analyze di gested comp lex materi als by

the method of stan dard add itions to avoid the deleterio us results

of cali bration curve alteration caused by a variet y of matr i x effects .

It shoul d be apparent that standard volumetric glassware used to make

standards or standard addit ions prior to analysis tend to require

lar ger samples an d defeat the purpose of a micro -sample introduction

techni que.

4
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Sem i quan titat ive es ti ma tion of the ana lyte concen tra ti on is

also desired before a standard addit ion anal ys is can proceed on a

sam pl e of totally unknown analyte concentration. When coupled with

the fact that a lar ge num ber of sam p les of totall y unknown conten t

may vary over as much as four orders ma gn it u de of ana l yte con-

cen tration when the instrument is adjusted for a given range covering

onl y one or two orders of magnitude simultaneously, this presents

a rather inconvenient logistics problem if large numbers of un-

known small volume samp les are to be anal yzed. E it her a separa te

set of anal yses must be made requiring storage of micro -samples

between times , or instrumental operation must be continuall y inter-

rupted for ‘wet bench” standard addition and/or dilution operations

following each semi quantitative estimate. The net result is that

many “hi gh work loa d ” la bora tories avoi d the me th od of add iti ons

altogether or attempt to make up working standards in arti ficiall y

concocte d ma tr ices des i gned to approximate the composition of the

sam ples . An “on-the-spot” micro-addi tion and micro -dilution procedure

is therefore clearly desirabl e from a logistics and sample conservation

standpo int.

.~
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This paper deals wi th further evaluat ion of the character is t ics

of the cT~tcro-sam p lin g nebu lizer technique ~s well as several per-

tinen t design and procedural innovations . A new method is presented

for convenient (“on— the— spot” ) micro -standard additi ons and micro—

dilutions to be perfo rmed by the anal yst without in terrupting instru-

men t operation. Several common burn er memo ry effects are evalua ted an d

found to play a different rol e in the transient micro -sampling

appr~~~h than woul d normall y occur wi th steady state sam p lin g.

o—sarn pl ing premi x nebulizer technique is found to be applicabl e

~~ em ission and atomic fluorescence spectrornetry as wel l as

the atomic absorption applications ori ginally reported (11 , 12 , 13).

EXPERIMENTAL

Apparatus . A Var ian Techtron (Springva le , Vi c., Aus tralia) AA -S

atomic absorption spectrometer equipped with standard nebu l i zer ,

1 0 cm an d 6 cm slo t burner hea ds , circular burner head , hollow

catho de lam ps , an d Hewlett Packard (Palo ,~~to , Calif.) model l750lA

strip chart recorder was used for these investi gations . Cd , Zn ,

and Tl Osram lamps , Gates (L.I., LY.) power suppl y , and 25 ~m

focal len gth , 25mm diameter fused s ilica condensin g lens are p rov id ed

for atom i c fl uorescence exc ita ti on. ~ormal holl ow ca th ode and fl ame

excitation were use d for atomi c absorption and fl ame emission anal yses

respec ti vel y.
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Two Teflon sampling cones were constructed as diagrammed

in Fig. I . Cone “A” is similar to that described elsewhere (12)

except that connection to the instrument is via the small bore

vert i cal l y oriented plastic nebulizer tubing rather than di rect

moun ting on the horizontal nebu lizer capilla ry . The tubing is

“press—fi t” into a hole drilled verticall y throu gh the apex of the

cone . Cone “B” was develope d in these s tudi es for smalle r sam p le

si zes as well as “on-the—spot” micro —stan dard addition and micro—

dilution procedures .

Procedure. Fuel rich air-acetylene (2.2 L/mi n C2H2 
) flames and

a n itrous oxide—acety lene (
~ 6.6 L/min C2H2) fl ame were ma intained

at oxidant fl ows of 1 2 L/m i n . Sam ples were di gested accordin g to

standard dry ashing procedures for Cu , Fe , and Zn (14). Silicon

ana lysis was made fo l lowing digest ion of petri f ied wood samples

in 30% hydrofluoric acid.

Samples are del i vere d i nto cone “A” using Eppendorf pipets .

A transient recorder signal results immediately. Peak height

was the parame ter measure d. The i ns trumen tal ti me cons tan t

(5RC) was 0.5 sec.

Samples pipetted into cone “B” may be diluted or further standard

additions made by pipet “ on— the-spot” . The composite droplet is
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then introduced by manuall y inserting the small bore plastic nebul i- .

zer tub in g in to the cone bottom. Th e conical sha pe gu i des the tu be

di rectl y and reproducibly to the sample droplet thereby el iminating

“waver ing ” of the hand or manual “bad aim ” that mi ght otherw ise

resu lt in partial or interrupted aspirat ion of the drop . The drop

“ stands up ” in easily accessible form in the cone owing to the shape

of the vessel and its hydrophobic construct ion mater ia l . The tubing

end is cut at approxi mo..tely 10 ° - 200 to the norral to ensure that

the resultant oval end w i l l  not seal aga ins t  th~ s i d e  of the cone

causing a sudden deleter ious sni f t  in tne asp i ra t i on  rate of the

capi l lary  nebul izer .  The enti re drop is readily aspi rated due to

its surface tension which makes it hold together as a “bead ” even

though the tubing does not seal agains t the side of  the cone.

Both cones are r insed between sample s w i th  a portion of d is t i l led

w a t e r , althoug h it was found that droplet asp irati on is normally

so comp lete that six or more samples can frequent ly be run in suc-

cess i on wi thou t rins i ng before a 1% cone contamination bui lds up.

Rinse water is convenient ly removed hy aspirati on so no Kim— wiping ”

is necessary .

RE SULTS AND DISCU SSION

Volume Res ponse. Fi g. 2 illustrates that micro —samp lin g ila

reasonable an d desirable technique for premi x pne umatic nebu lizers .

-.  - -~~~~~~~~~ .
.~~--- - . . .~~~~~~~~~~-
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100 ~L samp les give approximately the s ame conc en tra ti on sens i-

tivity achieved with larger samp les (e.g. 1 mL). The absolute

sensitivity (wei ght basis) is however lOX improved for a 100 ~L

sam p le . Sam p les smaller than 100 ~L may be emplo yed at cons tant

abso lu te  sensi t iv i ty  and corresponding ly reduced concen trat ion

sens i t iv i ty . Once a samp le volume is chosen , conventional linear

cal ibrat ion curves are es tab l ished at constant vol ume , .r the method

of standard additions may be emp l oyed . The data of Fi ç. 2 for the

manual cone (“B” ) are in good agreement with the results or Seba stiani

et. al (11)  for mounted cones . This micro-sampl i ng nebul ize r  approacn

was observed in these studies to produce a similar volume response for

prem ixed fl ame emission and atcm c fluorescenc e as well as atomic

absorpt ion spe c trametry .

Precision. The precision of this method is generally independent

of the mode of excitation employed and was measured in the present

stu dies for atomic absorption (1 ppm Cd) to be ~2% RSD at a 100 ~L

sam ple volume . The micro -sampling precision of both cones (Fi g. 1)

in the range 50 - 200 ~L was foun d to be essen tiall y no different

from that of steady s ta te  asp i r a t ion  of laryer  ( �l mL) samples .

The precis ion w orsens below 50 uL but does not exceed 10 RSD for

sampl es as small  as 10 wL for cone “A” and 5 ~L for Cone “B ”.



-8-

The fact that this occurs for transient samp lin g suggests that it

is totall y unnecessary from a precision standpoint to aspirate

lar ge amounts of sampl e C? 1 mL) over extended periods of time

for the pur pose of averaging noise in the stea dy state si gnal

The im provement of cone “B” at volumes <50~.iL is undoubtedly due

to the fact that the sample pipetting is comp le ted before any sampl e

up take occurs . The mounted cone (cone “A” ) however perm i ts samp le

uptake to begin before pipet ting is comp l eted allow ing interrupted

uptake to produce undesirable m ultiple transients when the sample

size drops below 1 0 ~L . Cone “8” therefore covers the microsampling

range from 5-200 ~L an d cone “A” operates well from 10-200 1.iL .

The low cos t and ease of construction should make it reasonable to

obtain both cones as a set for an individual instrument . Samples

lar ger than 200 ~L are acco mmodated by either cone , but these and

earl ier (11 ,12 , and 13) studies should make it cl ear that larger

sam ples are generall y no t necessar y on a pe ak hei ght , analog readou t

basis.

New Micro—Ca librat ion Technique (Cone “ B” onl y ) ;  Di lut ion and Ca li-

bration. A Seniquantitative estimate on the f irst sa mple of a iarq~
group is performed using a 100 ~L sam p le p lus 10 ~iL wat er . (The

10 ‘~iL water is added to compensate a small percentage volume dilution by

the subsequent 10 ~L s tandard “add” in order to avoid uncorrecte d

var iat ion in the % matrix e ffect. )
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If the resul tant level is not suitable for the instrumen t scale

factor , the factor is changed. If the level is al together too high

for atom ic spectra l quanti tation , it is diluted “on-the—s pot” by

a known factor . This is accomp lished without returnin g to the

“wet bench” by using the same cone (“B” ) and set of micro -pipets

used to in troduce the sample i n to the spec trome ter.

If the samp le was app roxima tel y ten or one hundre d t imes too

hig h , 100 ~L or 1 mL respectivel y of water are quickl y delivered

to the empty (but rinsed) cone by Eppendorf pipet followed by a

10 ~L aliquot of sampl e. The composite is immediat el y aspirated

to the last  drop resul t ing in a rapid di lut ion by a precisel y known

factor. Proper solut i on mixing is in d uce d on such a small scale

by the pipetting action . Standard addition is then carried out

follow i ng a quick semi qu an ti ta ti ve esti ma tion at the ins trumen t

(by electronic calculator if necessary ) of the resultant concentra—

tion . This is accomplished by pipetting the same volume (equallin g

that (100 ~Lor lmL ) of the earlier used diluent water) of an appro-

priatel y selected aqueous standard into the empty (but rinsed)

cone followe d by 10 ~L of sample. The composite is again aspir ated

to the last drop and the si gnal increase noted at the recor der.

Da ta are reduced later.
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Direct. Cal ibration. If the ori ginal un diluted 100 1.~L sam ple trial

(+ 10 L water) fell wi thin the selected scale range , then tha t

value is taken ( instead of disc arding it as an “estimate onl y”) .

To make a stan dard addition following semi—quantitative estimation

of the initial readin g, a 100 ~.xL sample is again pipetted into

the cone fol lowed by quick pipe t adddition of 10 wL of an appro-

priatel y selected aqueous standard. The second pipett ing action

appears to mix the composite we ll. The composite is aspirated to

the last drop and the signa l increase notcd on the recorder. Data

are reduced later. The cone ~s rinsed once or twice i~’~ p repara-

tion for the nex t sample .

These studies have resul ted in the ab ility to s i t  at the in-

strument with a large number of a variety of small vo l ume di gested

com p lex sam ples o f totally unknown concentra tions that vary over

many orders of ma gnitude and efficiently anal yze them all by the method

of addit ions w it hou t leav i ng the instrument for “wet bench” operations .

Samp le is conserve d since the “add” is ma de directl y followin g the

ini tial estimation trial (before the calibration dri fts) rather

than discarding the signal used for estimation (as is normally done

i n fa vor of a la ter “ rerun ” when the analyst is ready to come back

to the instrument following wet bench operations for the final

cali bration by standard additi on).



—11—

An examp le of results usin g this procedure is shown in Fig.3

The claimed convenience of this procedure was borne out in the rapid

de termina tion of Pb , Cu , Zn , Fe , and Ca in digested complex samples

incl ud in g sea wa ter , toma to sauce , blood , urine , orange juice ,

pineapp le syrup, Grecian Formula 1 6, pickled beet juice , eva porated

milk concentrate , air fi l ters , orchard leaves , bov i ne liver , etc.

The earlier report (11) of superior tolerance to compl ex materials

(less nebu lizer clog ging) was also confi rmed in the anal ysis of these

hig h salt content digests .

Memory Effects. Two types of memory effects occasionall y encoun tered

in burner-nebulizer systems are illustrated in Fig.4. It should

be app aren t tha t any memory “sp ikes ” such as those in part b. (Fig.4)

will direc tl y interfere with the transient micro—sampling technique.

Since the steady state sampling method is not seriousl y affected by

such memo ry , this wi ll represent an interference disa dvan tage here-

tofore not mentioned in the liter ature for the mi cro-sampling approach.

The opposite is true of the second type of memory (Fig. 4 parts c.

an d d.) which presents a more serious problem with stead y state samp 1in~ ,

but is essentiall y eliminated (see Fig. 5) by the micro—samp l ing

approach. The determinati on of silicon and i ron in di gested complex

mater ia ls is frequently plagued by the second memo ry (not due to
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reagent contaminati on) type and can be seer to be greatl y improved

by the small sample approach even if large amounts of sampl e are

available. Fig. 5 also shows that the fi rst memo ry type (spikes )

generall y onl y occurs when the samp le acidity is suddenl y d rama t ically

raised (parts d .,e.,an~d f). The fi gure also shows that tHs memory

becomes inconsequen tial (parts f. and g.) even at hi gh acidity

for micro -sam pling if the samp le acidity is maintain ed relativel y

cons tan t thereaf ter.

Anal ysis Tim2 . The micro —samp l ing cone was found to greatly increase

the rate at which samples may be analyzed in comparison wi th steady

state techn i ques . Eight replicate sample s per minute were com-

fortably aspirated with the upper limi t generall y imposed by the

pipetting speed rather than the system response. The hi gh rate

of speed (compared w ith steady state ne bu li zat i on and electro-

thermal atomization ) that sam les nay be introduced by micro-

sampling cone suggests thut an automati c sa :npie changer could be of

great benefi t w itn tn is techni que. This ~a ouid be useful mainl y

~~fo? l arge number s of samples ~~~ concen t ra ti ons we~e all similar

since most automatic sample chan g ing schemes are not soph is t ica ted

enoug h to accommodate !‘on- the-spot ” dil utions or standard addition s.

CONCLUS IONS

The new micro-samp ling cone for capi l lary pneumatic nehuli zation

represent s a technique of s imi lar concentrat ion sens i t i v i t y , improved
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abso lute sens i t iv i ty , similar precision , improved sampl e si ze

requirements , im proved analysi s time , reduced memory problems

and improved tolerance to complex materials in comparison wi th normal

steady state aspiration approaches. Micro-sampling cones are there-

fore seen to be very desirabl e for premixed burner nebu lizer systems

used in f’ ame emission and atomic fluorescence as wel l as atomic

absorption spectrometry . It should be apparent that there is no

lon ger as much need to turn to more troublesome thermal and electro-

thermal atomization techniq ues for reasons of sample size alone

since their range is also generall y taken to he 5-100 al . The

primary rema ining reason for choosing thermal or electro—ther mal

atomization is therefore now that of sensitivity . There , howe ver ,

appears to be no quanti tative micro -samp ling techni que for atomic

spectroscopy in existance that is collectively cheaper , more precise ,

or more convenien t than the new micro — sampling nebul izer cone.

The au thors see no reason why all laboratories (even studen t labs )

in teres ted in sample anal ysis by flame spectroscopy should not own

-: - •  one each of the two cones for use wi th those trace leve ls for which

nebu l izer sens i t iv i ty  is adequate.

.. —
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Figure 1 . Micro -Sampling Cones for Premixed Capillary Nebul izer.

a. mounted cone (Teflon) 10 iL - 2mL capacity , 450
taper; b . manual cone (Teflon) 5 ~L - 2mL capacity ,
45° taper .

Figure 2. Micro—Sampling Volume Response.

Figure 3. Example of “On-the-Spot ” ;-Hcro -Di lution and Micro—
Standard Addition for Orchard Leaf Digest (Cu).

a. blank; b. initial trial (too high) ; c. “on—the—
spot” standard addition (+ 0.909 ppm dupl icates);
chart left running continuously .

Figure 4. Type of Memory Encoun tered in Steady-State Sampl i ng (Fe).

a. normal steady state (0. 2 ppm Fe in deionized wat er) ;
b. “sp ike ” memo ry accompan ying sudden acidit y increase ;
c. undetermined steady state (continuall y increasing
signal) memory encountere d with dilute acid (blank)
for some elements; d. large continually increa sinq
un determined steady state memory encountered with conc.
acid (blank) for some elements and burner systems .

Figure 5. Memory Effects .

a. 0.2 ppm Fe in dil. mineral acid , steady state undeter-
mined , analys is failed; b. 0.4 ppm Fe in dil . acid , steady
state undetermined , anal ys is failed ; c. acid blank , steady
state undetermined; d. 0.2 ppm Fe in deionized water , steady
state attained , analysis good ; e. 0.4 ppm Fe in deionized

. water, steady state attained , anal ysis good; F. micro -
- -. - sampl i ng memo ry spikes (acid) accompany ing sudden acidity

- - -  . - 
-

. - increase ; interference decays rapidl y with tria l number;
- - 

- 
g . greatly reduced acid blank encountered when using micr o-

- 
sampling; h. 0.4 ppm Fe micr o-samplinq replicates in acid ,
anal ysi s good ; i . 0.2 ppm Fe micro-sampling replicates in
acid , analys is good. Sim ilar memory injprovements were
observed for m icro -samplin g analysis of petrified wood
di gest (HF) for sil icon by atomi c absorption spectrometry ,
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