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Abstract:

The problem of analyzing solid samples directly without chemical pretreatment was studied. Samples
were inserted into the Woodriff graphite furnace utilizing a new pedestal style injection system
developed for use in the analysis of solids.

Elimination of effects from the presence of large amounts of matrix material was approached in two
ways. A system utilizing sequential pulsed hollow cathode tubes was developed to correct for
molecular absorption or light diffraction due to the presence of the matrix. Data which suggests that
background problems may be minimized or eliminated by the proper choice of operating temperature
coupled with the peak area mode of measurement is presented.
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. ABSTRACT

The problem: of analy21ng solld samples d1rect1y
without chemical pretreatment was studied. ‘Samples were
inserted into the Woodriff ‘graphite’ furnace utilizing a
. néw pedestal style injection system developed for \use 1n_'
" ‘the analys1s of solids. : '

: Ellmlnatlon of effects from the presence of 1arge

amounts of matrix materlal was approached in two- ways. AT

system utilizing sequentlal pulsed hollow cathode tubes: P
was developed to. correct for molecular absorptlon or light
. diffraction due to the presence of the matrix. Data which
suggests that background problems may be minimized or
eliminated by the proper choice of operatlng temperature .
‘-jcoupled w1th the peak area mode of measurementlj;presented




- Jresult of several cons1deratlons. Among these are: aﬂ ther{

: _ablllty of the system to handle large amounts of matrlx

- ,;materlal c) a. need for preconcentratlon due to hlgh detec—.{j ‘

- GENERAL INTRODUCTION
TO THE PROBLEM
The analyst is usually faced w1th the problem of
obtalnlng the most accurate, prec1se data poss1b1e. ]klad—:
dltlon, he must obtaln the data 1n the fastest and cheapest
. way. Any new method must prov1de a 51gn1flcant 1mprovement
ﬂln one of these conslderatlons 1n order to be a success.
'When, in. 1955 Walsh (l) in Australla and Alkemade and’
| Mllatz (2) in Holland demonstrated the advantages of ab—'
sorptlon methods over em1ss1on methods of quantltatlve

"spectrochemlcal analys1s, they opened a new world of pos—'.~

’slbllltles for the 1mprovement of analytlcal technlque..;'ﬂ
"-Much of th1s world remalns to be explored
Tradltlonally, samples to be analyzed by atomlc

‘absorptlon spectroscopy have been treated to get the ele—

"ment of 1nterest 1nto solutlon.f ThlS requlrement 1s the

need o nebullze the sample 1nto the atomlzer, b) the 1n-f,;‘h

'tlon llmlts,.and d) the 1nab111ty to correct for the scat—'
”zterlng or: absorptlon of light- by matrlx materlal A need
. to pretreat the sample 1ntroduces several sources<xferror.

'*' It is not uncommon, partlcularly when attemptlng analys1s




2f
oflultratrace leveIs;'to find'that any reagent uséd'lntro;
duced amounts of the analyte element greatly 1n excess of
lthose found in the sample.. It is also not uncommon to flnd.f

oneself at the mercy of complex equlllbrla or unknown ex—"-y

: tractlon efflclenc1es when attemptlng to brlng the element ;"

‘1nto solutlon._ It‘1s common to see these problems 1gnored
or'dismissedl The 1deal answer 1s to do away w1th all B
:'sample pretreatment. '

Wlth the advent of nonflame methods of sample atom—';‘
ization (3 4,5, 6), detection llmlts were lowered and 1t be—?;

came poss1ble to work w1th samples whlch prev1ously had

"been analyzed by other methods or had not been analyzed T'p;f

. at all
| Nonflame atomlzers have-no lnherent‘requlrement for “:
asample dlssolutlon-(7), however, they do suffer from the
ﬂeffects of nonspec1f1c 1nterferences due to molecular ab-'iu
isorptlon and llght scatterlng to a. much greater degree"‘
»than flame atomlzers {8) . | - |

| It is then the purpose of thls work to suggest

Nposs1ble 1mprovements in 1nstrumentatlon and in technlquesﬂf

"of’ sample handllng and data analys1s Wthh make 1t posslble;yf*ﬂﬁ

o to analyze for trace 1norgan1cs 1n matrlces such as - glass

w;thout.chemlcal_pretreatment,: A system capable of




3
correcting for large background sigﬁals.is described WHidh .
may be used with any of the currently availabie.ndnfléme |
atomizers. The techniques described are most-cleéfly'aééu
‘'plicable to constant temperature‘afomiZatiansystéms such
és’the Wdodriff'furnaée but may havé'Valué'when-éppiiéd-td

pulse heated systems.




BACKGROUND CORRECTION

Introduction
Atomic absorption spectrochemical methods had:been'r'
in use for. some time before the problem of background 1nf
terference due to. molecular absorptlon and llght scatter—
-ing was noted and systematlcally studled. Wlllle, Davld,a
and Allan.(9,lO,ll,12,l3) each 1ndependently observed ef-
,fects-which they attributed to llght soattering cauéed by
salt particles. Thef made'no'attempt to justify this con-
.cluslon} _ | | | B
Billings (4) presented data showing the effects of
background interferences on the determinathn of a number
of elements. He aesumed that light'scattering'by salﬁ"‘i
particles'in the_flaﬁe caused the interferences‘noted.?
‘Slavin, in.a.note appended to Billings' paber,_maintained
.that.the experimental conditions chosen were sufficiently
'nonetandard to.raise doubt as to'the validity of some Of‘-'
the'determinathns;. Although he offered no ev1dence of
this olaim; 1t 1s probable, in llght of. later results, that
' moleCular absorption and scatter due to thercharacter:of
vthe flame may have‘been of-coneiderable impOrtance;.,
| Koirtfohann'and‘PiCkettl(lS):ﬁere the firstnreé,

searchers to attempt a systematic-investigation of
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‘ background 1nterference.-'It was.thelr concluslon that most
'background 1nterferences in flame spectroscopy were the -
7'result of molecular absorptlon., They proceeded to under-'.

"‘take a theoretlcal 1nvest1gatlon in whlch they presented ‘
:strong ev1dence agalnst any large scatterlng contrlbutlon.
"to background 51gnals (16) ‘ They dld not address them—':'ﬂ,'J:l
'selves to nonflame systems. ‘ 5

: L' vov (l7), 1n hlS worh on the heated cuvette; dls—-.ﬂl
;covered that as NaCl passed from the cuvette a cloud of

.partlcles was formed by condensatlon whlch was capable of

scatterlng llght He later found that the 1nterference-

'was essentlally 1ndependent of wavelength in certaln parts_"'
:'of the spectrum 1nd1cat1ng not only that partlcles were

.present but: also that thelr dlameter was large compared toi:f"‘“

the wavelength He also attrlbuted some of the 1nterfer-_.

-ence, espec1ally that in the 200 300 nm. reglon, to- molec;{ﬁér'

= f:-ular absorptlon. | ho T

| : When organlc matter is. 1ntroduced 1nto a pulsed non;i flz':
mflame system, 1t 1s usual to ash the sample by applylng a o
::_tlow current to the atomlzer for a few seconds (18) Thls,ny-

| delsposes of the organlc and prevents llght scatter due to'.'b

smoke" of carbon partlcles. In many cases 1t may also_ e

.lead to the loss of analyte element._."
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Once the problem of background 1nterference was re—-:..

_ allzed workwas begun in an- attempt to ellmlnate the prob—'

lem. K01rtyohann and Pickett (19) devised a system whlch

'ﬁallowed the llght from either a hydrogen lamp or a hollow .

. cathode to be d1rected through the absorptlon cell by man—;:
.ually rep051tlon1ng a mlrror.: The theory was that back—':
' .ground scatter or: absorptlon would be broad band and would
:block elther the hollow cathode llght or- the hydrogen con—:
tlnuum to an equal extent.i Success1ve samples are ana—f |
:_lyzed u51ng the hollow cathode w1th one and the hydrogen
lamp w1th the next.' The absorbance noted from the hydro—"'

.gen lamp is then used to correct the value obtalned us1ng

'j the hollow cathode.' ThlS and all 31m11ar systems make use"'

of’ the assumptlon that the spectral Sllt w1dth of the 1n—”
strument . is much wider than the absorptlon llnes for the-

‘7Velements. If thls were not true elther a correctlon would-e

‘have to be made for element 11ne absorptlon from the con— :ﬂf'

:tlnuum or the measurement for background absorptlon would L

.,have to be made at a. dlfferent wavelength |
.The maln dlsadvantage of the system proposed by.'

k01rtyohann and Plckett 1s that it does not prov1de 51mul—:

'taneous background correctlon.ﬁ The analyst 1s forced to




*'assume that background levels Wlll remaln constant from.;_:
lone sample to the next. |

Numerous methods have since. been probosed whlch bro—n
'v1de s1multaneous background correctlon.' A currently
f”avallable commerc1al system uses a contlnuum source; an:‘
: element llne source and'a rotatlng-sector mlrror whlch‘al—'”
1ows llght from the two Sources to pass alternately through:xf
-the absorptlon cell (20) Another commerc1al system uses :

'pulsed hollow cathodesanuia half s1lvered mlrror to accom—-

_ plish the same task (21 22). In addltlon to these methodsLVJVJ

'systems utlllzlng Zeeman effect (23), beam polarlzatlon

'-.j (24, 25) and dual wavelength spectrophotometers (26) have

‘J;been used
Any attempt to 1mprove background correctlon methods
.ﬂmust take 1nto account the ba51c requlrements of a good

'-;atomlc absorptlon system. Slnce llght source 1ntens1ty andﬁ'

K total llght dellvered to the absorptlonlcell are of prlme .f*“

1mportance, the de51gn of a. good system requlres conslderr 315'

: atlon of llght source conflguratlon and”plaCement.)'Baslcff'.

hollow cathode tube'de31gn haS'recelved;great attentlon'f-"V“

ﬂover a perlod of years 51nce'the hollow,cathode is the ;

ﬂfpreemlnent atomlc absorptlon llght source.




Varlous demountable hollow cathode tubes have been
'desCribed. Orlglnally the demountable hollow cathode tube:

.was de51gned for use as -an’ em1551on source in h1gh reso-

lutlon SPectrOSCOPY (27 28) . Goodfellow (29) and R0551 and';-"“

-'Omenetto (30) descrlbed lamps for use as atom1c absorptlon
sources.' Both llsted 1mpres51ve advantages for thlS type' '

of source.‘ Due to the ablllty to 1nterchange cathodes, the.'

'; demountable lamp can replace a number of 51ngle element

_sources. . In addltlon, 51nce thls type lamp allows contrn—i‘ub
uous gas.flow, the outga551ng steps necessary for the |
_preparatlon of sealed lamps 1s ellmlnated and the lamp 1s
'_-less susceptlble to self reversal caused by a 11nger1ng S
:bjatomlc cloud 1n the cathode. Slnce these early successes”
'Tseveral varlatlons based on these two de51gns have been at—h

tempted (31 32 33) Of these the de51gn of Popham and

'.~Schrenk (32) deserves mentlon because of 1ts 51mpllc1ty

fand good performance w1thout need for water coollngr.‘

new d1mens1on was added to the demountable hollow cathode"'d'w

, lamp when Woodrlff Wheeler, and Ryder (34) descrlbed a g.

jdouble ended model for Wthh they clalmed 1mpr0ved 1nten— ”

"s1ty and greater ease of optlcal allgnment.: ThlS lamp 1n,::'"

addltlon to hav1ng w1ndows at. both ends had anodes at both o

.ﬁgends of the cathode, an arrangement whlch allows the-n
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diScharge to operate'from both ends." ‘A s1mp11f1ed vers1oni‘*

‘of the design has also been descrlbed (35)

Other schemes have been used to make hollow.cathode
_ tubes for more- than one element.- In order to achleve ;L
,:multl element capablllty ina s1ngle sealed hollow cathode;ﬁj
‘:tube,llt has been common practlce to elther coat the cath—d
ode w1th more than one element or make ‘the: cathode of an
alloy of several elements. These 1amps work well for cer—
'taln comblnatlons of " elements and are s1mple to produce.
.They are, however, serlously llmlted 1n that optlmum oper—
atlng condltlons can not be 1nd1v1dually establlshed for

, 1nd1v1dual elements._ In addltlon, lamps of thlS type suf—d

fer from gradual changes in. resonance llne 1nten51ty be—j-“-"

'_cause the volatlle elements vaporlze flrst then condense B
on the cathode surface and keep the less volatlle elements .
_from belng sputtered Glllles and Yamanskl proposed a

‘_de31gn whlch minimizes these problems (36) The1r lamp

.cons1sts of a glass envelope contalnlng two cathodes,'one
" in front of the other.. The power to each cathode 1s 1nd1—:‘
v1dually regulated Woodrlff et al (37) have proposed
a system of demountable see- through hollow cathodes Ain-

-whlch each cathode 1s contalned 1n a separate glass
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enuelope thus allowingreach to be operated at precisely the
optimum conditions. . | '

‘In addition to study of the hollow cathode'tube it~
.self, considerable work has been done_to;determine optlmumt.
operating conditions. .baWSon and Ellis-(38);iwhen faced :
with an optical.system which passed very'little.liéht
overcame the problem by pu151ng their hollow cathode tubes.
When large currents of short duratron were passed through
conventlonal hollow cathode lamps, an intense em1551on;was
noted with no. increase in line'width'or self;reversal.'Ine;.
-tensities manf times those normally possible are-possible
while lamp llfe is extended. Mitchell.and‘Johansson?(39)
applled thlS technlque to atomlc fluorescence as dld Welde p
and Parsons (40). Slnce the llght requlrements of fluo—
rescence methods exceed those for absorption methods, the
1mmed1ate 1mpact of the work of : Dawson and ElllS on. thlS.
‘fleld rather than on atomlc absorptlon research is- qulte‘-
reasonable.. At thlS tlme, a pulsed hollow cathode system
'_for atomic absorptlon analys1s is commerc1ally avallable
- (22).
The present study represents an attempt to comblne

" the best features of varlous component des1gns to obtaln a




: '.']_.1" .

51mp1e, prec1se unlt for use- 1n correctlng for background

scatter or absorptlon in atomlc absorntlon spectroscopy.' P




o Experimentaleﬁrw
Slnce there are at present no hollow cathode tubes

.commerc1ally avallable which meet the requlrements-of a
system such as the one to be descrlbed it was flrst neceSﬁ
}sary to de51gn and bulld a. hollow cathode tube for the
:system.‘ The tube eventually used 1s shown 1n Flgure l

‘The envelope 1s.a plece of pyrex tube 2. 0 cm. ln¢d1ameter;

'and 9 0 cm._long.v “The ends of the-tube are sealed-and:the.‘
- quartz w1ndows are held in place by two screw—type electrl-‘
ycal condult clamps and a series’ of washers and gaskets.

. Two ports are. prov1ded on the 51de of the pyrex envelope
'xfor connectlon to.a vacuum pump and to a supply of inert

: gas.: The cathode holder is. a plece of steel tube 0 .6 Cm-:l
"in'dlameteropenat both ends-.T A tungsten w1re brazed to
'the tube and sealed through the glass envelope serves as a-
: contact. The anode 1s a length of tungsten w1re 51mllarly
ﬂsealed through the envelope.. The hollow cathode tube as
'":descrlbed emlts an acceptable 1ron spectrum.: In order to
~Juse 1t for Other elements 1t is necessary to remove the.>
::end cap and 1nsert a llner of metal f01l contalnlng the
‘element of 1nterest 1nto the cathode holder. if'
o Argon gas for. the tube 1s supplled from a tap onv‘-

“the llne used to supply flushlng gas for the furnace. ;A j;




Electrodes

Rubber Gaskets
Metal Foil

Cathode Liner

Connections For Lens
Vacuum System Metal Washer
And Gas End Cap

Figure 1. See-through hollow cathode tube

u
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needle walve“installed ahead_of theigas’inletJtoithe holf‘:l
.low cathode tube allows»adjustment of-the.flow_to-the.tube,i
:;A Welch Duo Seal_mechanicallyaCuum-pump operating-contlnu;.

“ously keeps the pressure to less than,l torrnas;measured_h
‘by.a'c vV.C. pressure gauge.‘ A’needle‘valve between.the'p
‘pump and the hollow cathode tube allows adjustment of: the
'-vacuum level In operatlon the vacuum pump is used to
?evacuate the tube to less than l torr and then 1nert4gas:
.1s admltted untll a pressure of l torr 1s obtalned w1th
.constant pumplng."i | | .
A Varlan Techtron hydrogen hollow cathode lamp was

'aused as the-contlnuum-source.i Both lamps were operated 1n,,'
':the pulsed mode by a. Spectrogram Corporatlon LPS lD Dual ;_;
‘hLamp Power . Supply., This unlt allows 1nd1v1dual adjustmentgﬂ

of the current to each lamp and also allows establlshment
~.of ‘a constant 1dle current. A 400 Hz pulse was supplled
 ‘to the dual lamp supply by a phase sen51t1ve (lock 1n)

"~amp11f1er, the model JB5 from Prlnceton Applled Research

t:QThe detected s1gnal was fed to an Analog Dev1ces 755P logj'ﬂfm-"

1amp11f1er and subsequently to the lock 1n ampllfler. A .

ﬂ*conventlonal optlcal set—up bullt around a- Beckman D U.. _;”'

monochromator was . used. A modlfled Woodrlff furnace, as;”
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described in a later section, was used as thé atbmiZatibn

cell. Figure 2 shows the whole unit.




Hollow Cathodes  Furnace Monochromator Log Amp.

Figure 2. Schematic diagram of analysis unit with background correction
system
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Results and Dlscuss1on

The background correctlon system developed operates'.
:yas shown 1n Flgure 3. The element lamp is- pulsed at 400Hz;:
(square wave) and exactly 180° out of phase w1th the hydro—-
:gen lamp pulse. Wlth both lamps adjusted to. g1ve pulses;mfﬂ
.of equal length and 1ntens1ty, the s1gnal comlng from the
.photomultlpller tube 1s 1nterpreted by the lock -in ampll—'?“
~fier as a D C s1gnal The lock 1n ampllfler rejects thlsh'?
:.s1gnal and gives no output. When a substance wh1ch elther,Uf
scatters the llght or absorbs over a broad band is-: 1ntro—-.
*duced the 1ntens1t1es of both s1gnals are reduced by an
equal amount.f‘The lock—1n ampllfler agaln'sees a D C 51g-';‘
jnal and agaln there 1s ‘no: output. When a. sample contaln-.

ing analyte element is 1ntroduced llght from the element

‘lamp is absorbed and the dlfference between 1ts s1gna1 and .“ :

the’ undlmlnlshed 51gnal from the hydrogen lamp glves an33f-*
. A.C. square wave wh1ch the lock—1n ampllfler detects and -
-decodes. The 1ntroductlon of the log ampllfler between thei'

: phototube and the lock 1n ampllfler assures that the s1g~.f"

:.}nals subtracted are absorbances rather than transmlttances

" and thus that the output of the lock -in ampllfler w1ll be

'_llnear for all background values where absorbancelsllnear.-j
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| |

0

_ Element Signal
H, Lamp Signal
0

No Abs. Signal

Signal With Background Abs. Only

S NS e

Signal With Element Abs, Only -

o

o— . A
Signal With Elgment and Background' Abs. -

Figure 3. Schematic illustration of mode of operatlon
of background corrector
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An idle current'of 0:7;l.0 ma. is maintained'on‘both hol— lf
low cathodes at all times. _ The stablllty of the dlschargem
in a hollow cathode operated 1n a pulsed mode should be.
greatly 1mproved by malntalnlngan 1dlecurrent whlch;maln;
tains the plasma dischargedat all times“(39).' lndeed, _
with the demountable see-through hollow cathode it;proved
impossiblefto maintain a‘dischargefat all without the .
presence‘of'a D.C. component. o -

The operating condltlons chosen are shown in

Table I. All currents shown are average currents as’ dlS;
played on panel meters and. as such are approx1mately half
‘the max1mum pulse current. For purposes of judging max1f
© mum currents to be applled to a glven hollow cathode, |
these meter readings may be used. The 11ght 1ntens1ty,-
”however; is related to the peak current. Argon was chosen.l
‘as the flll gas because of its ready avallablllty in areas
where the'furnace is used. Work by L' vov (17) would 1nd1*.
cate that Neon would be a better ch01ce but the dlfference,
was not s1gn1f1cant enough to warrant the 1nconven1ence ofs
_ us1ng two 1nert gasses. Max1mum 1nten51ty was. obta1ned |
with a pressure of 1 torr or less. Th1s is in agreement
o:w1th the flndlngs of L vov. At pressures greater than. -a

5 torr, the dlscharge could not be malntalned




'_;Tablefl}'_Background Corrector.Operatlng Parameters -

- Type of operation i< .pulsed - . Rate... =400 Hz

';Continuumllamp-' TS Hydrogen

: Current 7 30 ma (max 40)

'ﬂ. Element lamp i-:ip,e' see- through constant flow demountable

:Flll gas e Argon Z‘: B Pressure of" flll gas,7~. less than].torr

. Current ' 20 ma (Cu) .: ‘ 15- 20 ma (Pb) 7 .15-20 ma (Ag)
'"Tlme for out-ga551ng f_., 15 mln ;w |

; Warm—up tlme 'Tl -'":p :ff _12 m1n--;-

oo

- :_Stablllty S 2

fm'D C. component for both lamps (1dle current) 0,7~1;Q{ﬁaf-'”'

0z
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) satisfactorily. 'Initial ekperiments‘with.the see—throught"
hollow‘cathode'showed the presence of slgniticant band
'structure.in the emission spectrum; This was:found to.be
~ due to the presence of.water vapor'(or possibly acetone
'vapor) in the 1nert gas supply._ A drylng tube contalnlng-'.v
CaO desiccant was 1ntroduced into the gas llne dlrectly |
ahead of the hollow cathode tube. The presence of the dry—
ing tube reduced the lnten51ty of band spectra to an ac—,d
ceptable-level _ Popham and Schrenk (32) reported 51mllar_
:dlfflcultles but recommended the use of a ligquid. a1r trap;
Such a drastlc ‘solution was fortunately not requlred 1n
‘thls‘case.‘ | |

The use of hollow cathodes as absorptlon cells has _‘
been descrlbed (41) Thelr p0551ble use as fllters, al—
ithough_obv1ous, has not:been mentloned,, An advantage of
the. sequential arrangement is that the see—through’element.
' lamps should absorb ‘the element llne from the hydrogen

bcontlnuum. Attempts at deflnltely establlshlng thlsactlon

by monltorlng the 31gnals on.- an osc1lloscope proved 1ncon—i'"

"‘clu51ve. When a copper hollow cathode was used behlnd the;'.
' see- through copper hollow cathode, a deflnlte dlmlnutlon
(approx1mately 10% for the condltlons shown in Table I) of7

_the 31gnal from the’ rear tube was noted 1nd1cat1ng 7
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_that‘the front tube-was acting as'a'filter even in?the :

"m'pulsed mode. How much of the element llne would be re-

,,moved from the contlnuum is a moot p01nt VIt can be sald

~‘that some would be and that the background system would be;;f'*'”"

_1mproved to that extent Slnce thlS would be a. mlnor 1m—:;
rprovement ‘at best under these. c1rcumstances no furtheri;
attempt was made to study the effect.- o
The pr1nc1pal advantage of the sequentlal arrange--h-
‘_yment is- the 1mprovement 1t shows 1n amount of llght de— :
'llvered to- the rest of the system versus the amount de—
filvered by presently avallable commerc1al systems.. Forex—fV'

‘ample, in systems u51ng a half s1lvered mlrror (21 22), at

'*ftleast half of the llght is 1ost due to the mlrror. lIn the “;ﬂ.fEJ

system utlllzlng sequentlal hollow cathodes the flrst cath—fjm

ode loses no llght due to extra opt1cs and the rear cathodegf'f

“”1oses only the amount subtracted by passage through the two'u?ifj o

o quartz w1ndows of the flrst cathode.: For quartz w1ndows of??h
.thlS thlckness approx1mate1y 90% of the llght would be o
f.transmltted through each (42) The second cathode should
Tﬁyleld approx1mately 80% as much 11ght ln the sequentlal
'arrangement as 1t does w1th no w1ndows in front | Actual
:‘determlnatlons show that approx1mately 83% of the llght

, got through Sllght dlfferences 1n 11ght reflectlon may
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account for theradditional light'noted in the‘deterﬁin4‘1‘“
ation. Thus 1.7 to 2.0 times as much llght would be de—
llvered to the rest of the system versus a system us1ng a-
“half 51lvered mlrror. | |
| ) A prlme cons1deratlon in testlng any atomlc absorp-
”tlon un1t 1s the determlnatlon of the stablllty of the -
isource and electronlcs Th1s is. partlcularly true for thes‘
ﬂsystem studled since the log ampllfler used does ampllfy
as, well as maklng the transmlttance to absorbance conver-
sion. Figure 4 shows the results of a stablllty study :
.:us1ng a commerc1al Cu hollow cathode tube and the see-_:.
through hollow cathode. The commerc1al hollow cathode at- -
tained reasonable stablllty in. approx1mately 3 m1nutes;'
The see- through hollow cathode requlred 12 mlnuteS'UDreach‘
.:the same- degree of stablllty. In addltlon, 1t should be
noted that approx1mately 15 m1nutes of pumplng is requlred,.
fw1th 1nert gas flow, to suff1c1ently clean the tube beforef:
fignition; The cleansing and addltlonal warm up . tlme 1s: |
probably necess1tated by absorptlon of 1mpur1t1es on the
cathode surface durlng perlods when the‘tube~1s notwln:use.u
‘For the same'current value, the'see—through tube giyesjfli
sllghtly lower llght output.' The curves in Flgure 4 reore—_:

"sent the 1ntens1t1es obtalned for a current of
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‘approx1mately 10 ma.f The lower value for the see-through
atube is probably due to the coollng effect of the constant
gas flow.' In addltlon, Dean and Ralns (43) report that'

open ended hollow cathodes glve lower 1ntens1t1es than

the1r closed counterparts. The max1mum current ratlng fOr'.=u..

the commerc1al Cu tube is 12 ma. D. C The flow-through

tube can be run at 40 ma. D.C or more when used. as’ a Cu:-f.“““'

-hollow cathode..

In terms of durablllty the see through cathode 1s:f
‘fgreatly superlor to the commerc1al unlt. Wlth a'Pb f01l}

"'cathode llner 1n place, an attempt was made to determlne:

umax1mum current ratlng.v At values above 30 ma . absorbance

,for a standard solutlon decllned and the cathode heated up -

} markedly. At approx1mately 50 ma. the Pb. f01l melted Af- a

ter the remalns of the f011 were removed from the tube and“

‘a new f011 llner 1nserted the tube was relgnlted 5 No. ap-'d’

‘tj parent damage was noted and no - decrease in capablllty was

found W1th a Cu llner, it was found to be adv1sable tor -ﬁj'tf”f7.'7

:'replace the f01l llner after approx1mately 100 hours of

'operatlon.J The llnershoweds1gns of plttlng and surface

fox1datlon and llght output was’ beglnnlng to- decrease._;Exf"'{'

‘J:act llfetlme for a llner would of course, depend on oper-*z

‘°;at1ng condltlons and could vary 51gn1f1cantly from one f:
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-tlme to the next. An advantage that should not be over-

-1ooked is the 1nherent 1ncrease 1n usable 11fet1me to bef B

had with’ any flow—through hollow cathode tube due to the?“;n'

-constantly renewable carrler gas supply. Dega551ng 1s
:-: probably the pr1nc1pal 11m1t1ng factor in the 11fe of
fsealed hollow cathode tubes.."?t ‘ '

In reference to Flgure 4 1t should be noted that af—'-h’"'

'ter warm—up, a +2% varlatlon 1n 51gnal was noted over a

perlod of several hours for both the commerc1a1 and the‘

- . see- through hollow cathodes.. ThlS varlatlon represents to—‘”

.tal 51gna1 drlft for the system and as such can not be bro—fiz

Qhken down to glve stab111ty flgures for 1nd1v1dua1 compo—'

nents. It 1s obv10us, however, that the see through hollow

cathode isnot s1gn1f1cantly dlfferent than the commerc1a1tube.

Wlth the see through hollow cathode 1nstalled 1n _1'

the system, experlments were made to determlne the ab111ty:fvf*

fof the overall system to correct for varlous types<xfback—-

ground. Flrst work was, done w1thout the log amp11f1er.f:f

:;Whlle th1s1nethod g1ves totally unusable results for real
'samples Wthh glve backgroundabsorbance greater than 0 Ol,j o
_1t may be used to verlfy the va11d1ty of the bas1c system.,ﬂf'-

‘When smoke produc1ng organlc matter was 1nserted 1nto the L

Woodrlff furnace, the output to the recorder showed noffV'
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variation 1nd1cat1ng that the llght from the two sources
was belng blocked and/or absorbed to an equal extent
'Wlth the log ampllfler 1nstalled 1n the system, several
.determlnatlons were attempted Flgure 5 shows the results
~.:of a study using copper standards and turpentlne res1due.,_ﬂ
1One set of p01nts represents system response to copper'
vstandards alone whlle the other set ‘is’ for samples of the R
same concentratlons w1th suff1c1ent turpentlne re51due to
glve an absorbance maximum of l 3 if uncorrected .‘The two-r'
“sets of p01nts are sufflclently 1ndlst1ngu1shable to allow:
the use of one line to represent both sets. Turpentlne
was chosen as the background produ01ng materlal s1nce it.
7 g1ves'an absorptlon or scatterlng characterlstlc of most
organlc matter such as blood plant materlal or 011 ._ThlS”

-type of blockage would be noted for 1ncompletely ashed

‘_samples or for wet samples. Flgure 6 shows typlcal peaks

Peak A is’ the characterlstlc hlgh splke seen when such
materlal is 1nserted 1nto the furnacefa The lack of a peak -
shown in B’ is the’ s1gnal obtalned w1th.the background cor—ﬁ'
"rectlon system in operatlon. Peak C is a’ typlcal copper fﬁ
peak showrng ev1dence of uncorrected 1nterference from tur—'

~pent1ne res1due._ Peak D is the same concentratlon sample

'_wlth proper.correctlon.; ‘Peak E<represents an‘overcorrected o
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, COpper peak; A flaw ‘in thlS and 51m11ar systems is the
_ problem of pos51ble overcorrectlon. When a sample 1s 1n—

troduced whlch contalns sufflclent background produc1ng

materlal to block all or most of the llght the un1t ma1n-Lm-

tains the 1n1t1al basellne untll enough of the background |
:'produc1ng materlal has left the llght path to allow a d1f=.
“ference s1gnal In such a case the sample peak obtalned
'_w1ll be e1ther smaller than expected or - nonex1stent de—e
"ipendlng on the res1dence tlme or amount of the background
materlal and on - the rate at whlch the analyte element 1s"
~vaporlzed It 1s, therefore, adv1sable to determlne ap-
prox1mate background levels when analy21ng any unfamlllar-!"
‘_type of sample and to- recheck any determlnatlon where con—ﬂ
51derable delay in the appearance of a 51gnal ‘is noted
No dlmlnutlon of element s1gnal 1s noted and proper correc—.
: tlon 1s pos51ble up to background absorptlons of 1 5 ab— |

-fsorbance. Thls compares w1th clalmed values for correctlon'

'up to 1 0 absorbance for the Varlan un1t and 0 4 absorbance' C

::ffor the unlt manufactured by Perkln—Elmer (22) Backgrounds;:

i materlal levels wh1ch may cause problems were determlned

' '~Amounts_of water in excess of 5 mlcrollters;were unaccept7

able as was organic material in quantities normally .-




'f, 1mprovement p0551ble u51ng proper background correctlonlu-i

':jwlnstrumentatlon._ At no tlme dld the absorptlon by the f

. | ’ ;31.‘:'- .

assoc1ated even w1th small unashed samples.:ylheidrled“resliw:*ﬁ

'1due of up to 2 mlcrollters of turpentlne or s1m11ar ma—'-

-'terlal was’ acceptable., | -

» Salts and other 1norgan1c materlals glve a‘lower,

o longer duratlon 51gnal whlch 1f 1gnored w1ll lead'to con—- vlf
"s1derable error.. ThlS type of background 1nterference 1s:
:much more amenable to ellmlnatlon by a system such as. the -

':one descrlbed 51nce at any g1ven tlme a con51derable
amount of llght 1s belng transmltted even w1th largel?_y

-amounts of the background produc1ng materlal present

'Technlques and requlrements for the ellmlnatlon of thlS'
'Mtype of 1nterference for glass natrlces are dlscussed 1n-:ﬁ'i

--;detall 1n the ensu1ng sectlon.j Table II 1llustrates thel‘ff

magnltude of error 1ntroduced by such a matrlx and the

"background exceed 0 7 absorbance for the values llsted F,ﬁ:.f ;f‘lu
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.SOLIDS ANALYSIS

Introductlon
In a recent review artlcle (44), Dlnnen summarlzed
the current methods for analy51s of 1norgan1c and geolog—y

1cal materlals. Slnce many of these materlals are sollds-"

a cons1derable portlon of’ the rev1ew was devoted to’ tech- “

'nlques for- sample decompos1t10n and to extractlon tech—
nlques. It was.noted that atomlc absorptlon“and flame-
wemlss1on spectroscopy partlcularly requlre sample dlSSO-
lutlon..' |

o The extent to whlch thls.premrse-ls accepted is
'shown in an artlcle by Welcher, Krlege and Marks (45)
' They descrlbe a method us1ng nonflame atomlc absorptlon:‘
spectroscopy whlch they clalm is a d1rect method . A check
. shows that only. the customary separatlon steps are ellml- d
nated. The sample 1s d1ssolved D1ssolut10n 1s con—' ‘
s1dered to be such an 1nherent requlrement that no thought
-1s glven to its ellmlnatlon. 3 2 |

Rev1ew of the 11terature does lead to the dlscovery_"

ﬂof a few attempts at dev1s1ng ways to ellmlnate sample
gdlssolutlon and 1ts attendant problems. Mavrodlneanu and
-.B01teux (46) rev1ewed several novel ways of supplylng

SOlld samples to a flame. wIncluded_ln these are;methods-.
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for entraihihg a fine powder in'an'air stream with subse-
quent introduction into the flame, automatic’feedihg of
ashless filter paper containing.the sampletinto a flame,
and sample 1ntroduct10n us1ng an asbestos dlSC to carry
partlcles to the flame For SOlldS whlch are good elec— -

trlcal conductors, a spark source_ln wh1ch the electrodes

'~are.madepof'the‘sample will yleld,an aerosol-whlch'may'be‘p:“.”"

introduced into the flame. Winge'et‘al (47) descrlbed a
method 'in which the sample serves as the cathode of a low—
current dc arc dlscharge. Jones and h1s coworkers de-
scribed a.quite.similar system (48).,'The system of Winge
was useduwith atomic ahsorptiOn'while that of Jones‘was

. used to supply. partlcles to a caplllary arc plasma (CAP)

em1ss1on source. WllllS (49) descrlbed a method wh1ch re—

lied on. formlng a suspen31on of sample partlcles and asp1- ;'ﬁ

ratlng thls‘suspensloh into the flame,’ Geologlcal samples
ground to ajfinepoWderwere determlhed as a water,suspen_
sion. A method'fortsimilar samples descrlbed byh-.
.Gomihdaraju etal:(Sb) relies oh.insertingvan lron.screm'r
. rod impregnated with sample into"an'air—acetYlene rlame;
Both of these“methods'oame good.resultslmith ahalyte con- -
.cehtrations.in thele ppm‘range;: The.Delves'Sampling'éup -

technique has also been applied to solids. This.technique
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uses a' nickel absorptlon tube mounted above the burner
.head. Nlckel cruc1bles are 1nserted under the tube and the
sample allowed to vaporlze 1nto the tube. ThlS method -
shows marked sen51t1v1ty dependence from . cruc1ble to cru—.
c1ble. It also is llmlted 1n appllcablllty due’ to 1ts low -
maximum operatlng temperature (51) |

Belyaev et al present an 1nterest1ng scheme for .
the atomic absorptlon analy31s of trace elements in rocks-
_(52 53). Thelr method 1nvolved the use of an electroconei-'
tact heater (51m11ar to the Varlan carbon cup) to selec—’
tively evaporate and atomlze analyte elements from pow-“
dered.solld;samples,'_They‘experlenced‘conslderable dlfﬁ
tlculty”due to differences‘in eVaporation*rate.or'the
analyte element from dlfferent matrlces and due to back—'
ground scatter. In order to standardlze the matrix small‘
amounts of sample or,standard were'mlged ‘with graphlte'
poWder. While'thls pr0cedure assuresda mOre'predictable
sample peak, it also dllutes the sample and results in a'

loss of sens1t1v1ty and accuracy.. In an attempt to aV01d_‘

thlS problem, the authors 1ncreased the current applled to T

__the electrocontact atomlzer. At a current of 200 A,
temperature of 2300°C ‘was attalned and the evaporatlon

rates from the varlous matrlces ‘was found to be s1m11ar




36

cenough to partially_eliminate peak shape Variation. At

-this temperature a‘considerable,background was noted,_For-l

. tunately the background was not of sufficient maénitude“toh‘

'make correction (us1ng a contlnuum source . a laLK01rtyohann_;'

and Plckett) 1mp0881b1e. | |
Experlmenters who-haVe tried'atomiZers.simiiar to

. that of Belyaev for other types of matrlx have not been so

| lucky. Much attentlon has been dlrected to the problem of_f"“

'analy21ng for 1norgan1cs in glasses.' ThlS 1nterest is due
'to the 1mportance of trace element characterlzatlon in
.glass to the forensic sclentlst (54,55,56) to those work—_
ing in archeological chemistry (57) and to analets in |
" the fiber optics industry (55).- The laSt application‘isx
of partlcular commer01a1 1mportance since’ 1t has been o
shown that concentratlons of copper orllron 1n the part
per mllllon range in flber optlc mater1a1 are suff1c1ent'
ito greatly attenuate llght transm;ss1on. -Dlrectdmethods; -
-similar to'that'described by Beiyaeuxhave been.unsuccess;v
:hful. Woolley (58) reported us1ng a: carbon rod atomlzer in
an attempt to determlne copper and iron in hlgh purlty |
"glass. It was hlS conclus1on that 1t was 1mp0551b1e to -
"effect the determlnatlon dlrectly due to the extreme backep

‘ground caused bypsloz.-,Thus, 1t,;s,st111‘commonoto.flnd,”'
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articles in the literature detailing new and'betterdways
to dissolve glasses”prior to trace metal.determination;(59L
Several methods'of analysis'for inorganiCS in‘glass

deserve mentlon in order to galn an understandlng of the’

;current status of the fleld Adams (60). - descrlbed a method;.

for the determlnatlon of alkalles in glasses and s1llcates;|‘

The procedure for sample preparatlon, whlch he clalmed re—. -

‘quired 30 mlnutes, calls f1rst for the. sample to be ground,;'
.s1eved and carefully welghed. To this welghed sample,'ln

a polyethylene vessel, is -added a‘mixture of'HF ‘and HCl'
wlth stirring. When dlssolutlon 1s complete the vessel
and 1ts contents are transferred to a polyethylene bottle.
‘contalnlng-delonlzed‘water. Insoluble materlal is removed'
'hby centrlfugatlon after m1x1ng;j A reagent blank is neces—ﬁ

sary. Jones (61) descrlbed a very s1mllar method wh1ch

also requires the use of HF. In this case the sample sSO-

: lutlon was analyzed by atomlc absorptlon spectrophotometry. ff"'

Actlvatlon analysis has been a popular ch01ce for
glass analysis. - Workers at-the Natlonal'Bureau of Stand-.
ards have made extens1ve use of" neutron actlvatlon analys1s
_(NAA) Detectlon llmltS for NAA are generally excellent,
i prec151on is good and sample pre handllng 1s not exces—‘

sive.. Unfortunately,.cost is hlgh analys1s tlme may be
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_‘lengthy and necessary- 1nstrumentatlon and reactor fac111-hﬁ“

ties are not commonly avallable, In addltlon, handling of
the sample after lrradiation may be quite involved. "~ In
some cases the determination may be absolute but it.iS'

more likely to he done comparatively. The one great advan—'?
‘tage of NAA is its low detectlon llmltS and 1t 1s for thls;
reason that much of the cert1f1catlon work on glass stand—
.fxards has been done by thlS method (62 63 64) The other
activation analys1s work that has been- attempted 1nvolved
"the use of charged-partlcles. Swindle, Novak and
Schweikert (65)'have examined the usefulness of various '
charged partlcle actlvatlon methods for the determlnatlon
"of iron in glass. Many of the same objectlons which- apply.,

to neutron actlvatlon analys1s also apply to charged par—

ticle activation analy51s. It should be noted that 1n allf:V'

the methods reported dlssolutlon of the glass samples w1th_;
HF was requlred | |

| The other method of ch01ce.for recent glass anal-
‘,;y51s work ‘is 1sotope dllutlon masslspectrometry.' Barnes et

al, reported u51ng this method for the determlnatlon of

Lead Uranlum, Thorlum and Thalllum (66) Mooreeatal; used -

3the same technlque for the‘determlnatlon of_Rnbidium and
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Strontium in'standard'glasses (67). Both reported using:
HF.for the dissoluthn of the glass matrix.

‘In summary,.the analysis of inorganics in glasses,
~as well as in most other solld matrlces, is commonly con-
" sidered to. requlre the. ellmlnatlon of the matrlx. 'The‘
range of t1me for this procedure is from 5‘m1nuteS'to'l6
- hours dependlng on the sample and the method chosen. :For
glasses, HF is the reagent most commonly used for sample
dissolution. Total_analy51s tlmes range from_30 mlnutes to"
several weeks;“ | : B |

| It.would-seem'that the ideal'analysis of'solids‘
'Can:be described rather clearly. ‘No sample preparatlon,
.other than cleanlng and grlndlng, 1f necessary, should be
requlred. Sample partlcle size should not ‘be crltlcal
There should be llttle or no dlfference 1n results when
changlng from one matrlx to the next. Total analy51s tlme
should be in the order of minutes,.not hours.' In~order-to.h
- assure a qulck analy51s, background 31gnals should not be
';so complex or so large as to cause dlfflculty. In addl—
“tlon, 1nstrumentatlon used should be relatlvely 1nexpens1ve ‘
iand avallable.y The study undertaken had as 1ts goal the

"attalnment of thlS 1deal :
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Experiﬁental

A modified Woodriff furnqée was uSed‘for;samp;QE
atomization (68,69). .Figure 7 shows aidiagrém’bf this‘,L3i'
.uniéL SeVéralvminor; but importanth modifiéatioﬁs Qére_
madé to'tﬁe basic'deéigh. forts for cooling Qaﬁer wére f
added so that the unit:could be'ihstallea in .an upright
position with the sample introductidn,poft,facing'dqwn.'
Samples were ihtroduced using the injéction:systém‘shOWn‘
in Figure 8.  A vycor fube-withra groundigléss jointiat: 'x
one end is normally usedIAS'an entrance siaé tﬁbe on_the:
_Wood:iff furnace. 1In this qohfigﬁration'éheﬁnérmal;side
fube‘is incorpOrafed with a steel guiae tube ﬁhrdugﬂlwhiCh!‘
a gréphite rod with_a_graphite"pédeéfal‘at the top. rides
on-a séring.loaded ciamp. The_sample éup'is élacea on thei"
pedestaluand raisedjinto the furnace: The pedestai‘ée;isf
 vagainst_tﬂe‘furnaée guard ﬁﬁbe so £hat,the Whoie cup ié'_'
' eﬁéloéed‘in the-heatea chamberf-fh1earlier dééiéné-the lip
of the cup fgrﬁed the seal. This method allows the use of
'a‘simple~samp1e cup which_need not be‘attééﬁed focthe rod‘-*
'usea ﬁo insert it. -With no neéd:fér thrééds\ih'ﬁhé;ha§e J
‘6r‘fdr a unifbrm lib;'difficulﬁ.to“ﬁéchine-ﬁaferials-éﬁéhf“'

'as vitreous carbon and molybdenum wére'uSéd;; This.aééign .




Figure 7. Woodriff furnace with pedestal sample iInjection system
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'='also lends 1tself to schemes for automated sample 1ntro-
ductlon more readily than prior systems.

The;background correctlon system-described in- the

prev1ous sectlon was. used for all measurements where back—f._

ground problems were antlclpated _cher rnstrumentat;onw
was also’ as-prev1ously descrlbed.

‘For work requlrlng a pulse type atomlzer, the unltA

descrlbed by Slemer (70) was used .This unlt is very 51m-ti S

'1lar to the commerc1al Varlan carbon rod- carbon -cup, atom-'
izer (71,72,73) and may.be expected to g1ve slmllar;re—_.h-
sults;' H | - |

Glass samples used were‘N.B.Sr standards‘numberS‘
614‘and 616. The comp051tlon of the glass support matrlx".
is 72% sio;, 12% CaO, 14% Na,O and 2%-Alé03.‘ The nomlnal
trace concentratlon for'each of.the Gl,elements iﬁ these'

standards is 1 ppm for S.R.M. 614 and 0. 02 ppm for S R M

616. These standards are avallable as: 3 mm. thlck wafers#@j S

The materlal was - prepared in rod form and cut: w1th a
copper-bonded d1amond wheel. The wafers as-: recelved re—
‘quired cleanlng w1th alcohol followed by a m11d surface.
cleanlng with 1:10 nitric ac1d. " The cleaned waferwaere:”
.broken and ground in an agate mortar and stOred*in.glass

‘sample bottles. All'implements and_glassware.used,Were‘ -
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cleaned with n1tr1c ac1d prior to.use.e ﬁo attempt was-
.made to grlnd to a unlform size. - Sample sizes were in the_
range of tenths of a mllllgram to.a few_mllllgrams. All f
-samples were‘weighed‘to the nearest hundredth of a milli—
'gram on a Mettler. type H16 balance. Welghts ‘were deter—.
mined by welghlng a sample cup w1th and w1thout sample
.present and taklng the difference. Sample cups were then -
inserted into the Woodrlff furnace w1thout any sample pre—~
treatment.

Standards for all determrnatlons were aqueous solu—
~ tions of . the analyte ion prepared in the respectlve stand—”
:ard way for each element. Sllver and copper were present
as the n1trates.h,Gold, after treatment w1th aqua regla,

, would.have'been in solutlon as‘the chlorlde.l The requlred
amount of'sOlution was placed on a samplelCup'using a mi-=
cropipet and the water was_evaporateddunder.a heat lamp.
The cups were then inserted into the furnace..;

Peak area measurements wetre used almost exclus1vely7
with the areas belng determlned by the "c11p and welgh":
:method Electronlc peak 1ntegratlon would be preferable
‘but an 1ntegrator was not avallable at the tlme of thls

study._
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Results and Discussion

Based ‘on conclusions drawn by L'vov (17) and on

experience gained in prior studies, it was deemed advisable

to attempt to totally contain the samplepcup mithin the
.heated'chamher. Thus;‘when the'hottom loading systemhpre%‘;f
viously-described-mas installed, provision mas,made-to"”
have the pedestal form the seal with the heated.chamber_;x"
" rather ‘than hav1ng the cup make the seal ‘ This'WAs,__jf“
prompted in part by the observatlon that llquld samples;-.
were able to wet WOrh.cups, more;easlly than new ones,,ThiSf
' ieads to slower volatilization-and thus to iower peah _'.
helghts and poor reprodu01b111ty when the peak helght mode'-'
of analys1s:u5usedd' Itwas hoped that the Dedestal system |
'-would’provide quicker, more uniform heatlng of-the cup
.base which‘would minimize volatilization-rate_differences, .
-~ In addition, when the cup makes the'seal with-the analeisﬁ.
uchamber, there is a problem w1th unlformlty of the cup llp’
and thus, with the gas tlghtness of the seal _]H:was not
_certa1n whether the sample would dlffuse back through an
.1mperfect seal_ln the face of the pressure provrded.byxthe%
:inert gas'but this.poSSibility certainly can not-be'ig—
nored;' Another poss1ble reason for loss would be dlffu—:

'sion through.the hot graphlte cup 1tself; Most of these
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problems should be amellorated by the new. system 1f 1ndeed
they do ex1st. Table IIT shows the results of work done
-with the new system. The peak helght varlatlon was simi-
lar to that noted by Stone (74) andyseems to conflrm-the
opinion that the older a cup gets the,iower the'peak sig-
. nal obtained.is goingﬂto be. As:previousiy noted the
L_ reason for thlS is the qulte notlceable 1ncrease 1n surface“
.'por051ty as the cup wears and the subsequent absorptlon of,us
,sample solutlons.' Whlle this study did not demonstrate
the supériority of the pedestal seal configuration,'it did
show the superiority of the'peak area'mode of analysisﬁ

As can be seen from'the,tabie the,relatiye standard dev--

. iations for this mode‘are considerably-better than for peaklf"

height mode. Subsequent use of the new sample 1njectlon‘
system conflrmed the initial flndlngs that peak conflgu—'
.ratlon was not changed s1gn1f1cant1y : No increase in peak
_,s1ze -was noted Wthh would 1nd1cate ellmlnatlon of the |
modes of sample'loss prev1ous1y mentloned. Elther sample'.
loss by these mechanlsms does not- occur or occurs equally
.bw1th both the new pedestal system and the system descrlbed
-in prlor.work |

' The greatest advantage of the new sample 1njectlon :‘"r

system appears to be purely mechanlcal Ease~of use is




Table III. 7Si1ver,Analysis with Pedestal FOrming'Seal

Cup

‘Conaition; B

. Abs'(péak height)* 'i - Peak area*

new
old -
new

-old

L 0.65° S L0249
0.597 - L0248
0.64 . . : .0241

0.56 L0245

Avg. 0.61 - Avg. 0.0246

r.s.d. 7% o r.s.d. . 1%

 #2.5 x 10" % silver

(aqueous-solution)

Ly
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iméfovedlovefvprior sysfems. FabricationAof‘sample'cups
.ié much eésier. It is this. last advantége'that has prdvea
to be the most useful. The ability to usé subééanéés
other than graphite, particulariy substanceé such as{ f3
molybdenum, tantalumcand-vitredus carboﬁ}vfor'éﬁps haSi 

.proved to:be_invalﬁable.
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In1t1al studles on glass=samples 1nvolved analys1s
for 51lver.'l81lver was consldered to-be a loglcal ch01ce'f
since a goodlvalue:was available for N. B.S. standard refer—ﬁ'
ence materlal 614 and s1nce cons1derable prlor work had t
-been done on the determlnatlon of thlS element in other‘
'matrlces. Since it- ‘was 1ntended to’ ‘run the samples dl-
_rectly and use aqueous standards,-lt‘was 1mportant to
.study the effect of sample size and cons1stency ‘on, the ab—,’
.sorbance recorded Flgures 9 and lO show the curves ob—'
tained when peak helght and peak area were plotted versus
weight of standard glass. Assumlng that the glass stand—'
.ard reference materlals (s. R M.) are homogeneous in com- f
: pos1tlon, the amount of silver present should be propor-
'_tlonal to sample welght and absorbance versus welght
. should plot as a stra1ght llne if the s1lver is volat1—‘“
llzed from-the-matrlx reproducably. Table IV shows thel
'characteristics of'the'samplesfrepresented by each‘of the'
p01nts in the two f1gures and the analys1s parameters. The
" important p01nts to be noted are that the sample is - reason—~l
ably homogeneous>as assumed and the form of the sample-x‘
.(powder or ¢hunk) is of no apparent 1mportance. This last’
is of partlcular 1nterest in llght of the work of Belyaev pﬁ

et al. mentloned earller (52,53),._Cons1der1ng the results
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Table IV. Sample Characteristics

Sample L o _ - Abs 7: *_ . ~Abs - Peak* = Area
No. . Description Mg SRM 614 (peak height) ‘'wt. . area wt.

1 2 pieces 10.15 o 0.24 | 1.60 9.6 64.0
2 1 piece.. -  0.35 S 0.37 - 71.06  20.7  59.1

3 powder + 0.45 0.57 L 1.27 30.8 68.4
piece ' : : ' .

4 fine powder .. 0.83 - ' .0.84 - ... '1.01 50.4 -  60.7

5. 1 piece . 0.90 1.12° - " 1.24 60.4 ' 67.1

o rsd 0.185 rsd 0.062
Line .328.1 _Temperature-_ 1850°C R

Element . Ag

'-*Analysis'dohe Without;simultaneous,bédkgrodnd correction

A
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'presented and later worh on copper,‘it-Seems apparent‘that'

at 1850°C 51lver is vaporlzed qulckly enough so that no

51gn1f1cant dlfference 1n peak helght appears;_
Vaporlzatlon tlmes for the radlcally d1fferent

water matrix were. also obv1ously comparable.n It is 1mpor—5g

lftant to note that 1n speaklng of "water matrlx" there 1s'

no.true matrix since’ the analyte element 1s present as a

' relatlvely pure salt after the water is evaporated 'In-

' 'cases where the water solutlon wets the cup to a 51gn1f1—
7rcant extent the salt may-be-ln the pores of the graphlte.'
In such cases the graphlte does exert an 1nfluence on the
rate of vaporlzatlon. " In practlce, then, it 1s true that.:_‘
~in nonflame atom1c absorptlon "llquld samples" are solldsi
.when analyzed An 1mportant observatlon made durlng the‘,:?
‘s1lver determlnatlons was- that most of the glass matrlx 7”'”
:remalned ‘in the cup. When the cup was w1thdrawn from the
5furnace small spherlcal beads were present in the cup or,-
tmore rarely, the-cup,would be coated w1th.glass.- An at-

, tempt was made to determlne the welght of the re51due.
“_Thls proved to be 1mp0551ble due to random changes in the

'welghts of the graphlte cups themselves. Small amounts of_ﬁ

: materlal are lost from the cup on each use dueix)ox1datlon,:ﬂ:5f




54.
flaklng of the graphite, and a varlety of: other causes. '_»-
.'All determlnatlons for 511ver were made w1thout 51multan—

eous background correctlon.

 The dec151on not to correct for background was made ”i'”

' after careful cnecklng over a perlod of tlme to determlne
that.no background absorptlon was present. Work by Woolley
(58) strongly 1nd1cated that background absorptlon or‘;p
scatter by 8102 would be excess1ve.' Since Woolley ‘had

used the Varlan type carbon cup atomlzer in hlS work an_f'
attempt was made to determlne 1f thls unlt was more’ sus—_:
ceptible to .such 1nterference than the furnace;_ The re—f-’

su1t.was that for'several reasons;vthe'carbon'cup'did.f

-show a greater susceptlblllty to 5102‘1nterferences.- Nor-';.fx

mal operatlng parameters for the commerc1al carbon rod—~ .
..carbon cup system allow for a drylng cycle of up to 60 sec—“
_onds,‘an ash cycle of up to 60 seconds and an atomlzatlon'ﬂ
cycle of up to lO seconds (18) Max1mum temperature at—"
talned 1s,around 3000 C. A temperature of thlS magnltude
',15 necessary to volatlllze the sample in a short perlod of-
htlme. It is p0551ble to atomlze for longer perlods of

time but thlS is ‘not. commonly done, in part because of " ex{.
'treme wear on the atomlzer. Flgure 11 shows a represen-"

tatlon of the carbon cup used and a typlcal 51gnal for a
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'Figﬁre:ilw
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| Carbon Cup S‘y:ster'_h:-_

Results for determinations using carbon ‘cup

sYstgm o




verv small'sample of S.R.M. 614. ’The first:peak represents-
maximumlsllver evolution from the glass matrix.while the-, "
ﬁdouble peak that follows_was.found to be totally caused-bv

.background from the glass.  Maximum temperature was appfok—.’

imately 28009C. The unit was held at this temperature:for P

30 seconds in order to follow the development and decay of
:the background 31gnal Determlnatlons u31ng a hydrogeni
.lamp continuum establlshed that a large percentage of the

. area under the total curve was due to background absorp-

- tlon The . apparent dlfference between Woolley s resultsA

'and those obtalned u51ng the Woodrlff furnace stems from ;.;
jhls use of- the carbon cup at 1ts peak temperature.: At tem—i‘”
“dperatures of 2800 3000°C background is 1ndeed excess1ve.
| | Values for S.R.M. 614 and_S.R.M, 616?are.shown 1n'

'.Table.V. National Bureau of Standards values were deteré’

mlned u31ng neutron actlvatlon analy51s and 1sotope dllu—-n'-f“

tion mass spectrometry. N.B.S. has not- attempted to deter—_'
'mine a value for S.R.M. 616 as yet- It should be noted

that N.B. S reports e1ther range or 95° Confldence llmlt
(§5° C.L. ), whlchever is larger.,-For this data and for .

the work reported later in- this paper, the deflnltlon




.Table V. SilVér'Determination*

Range

{ﬁﬂB;S.IS.R.ﬁ. 614 Value 95% ¢.L.
Peak Height Value 0.47  0.06. <'d.p7-
Peak Araa“Value 0.47  0.04 0.01
N.B.S. Value (63). 0.42 .04

~ N.B.S. S.R.M. 616 | | | _'

- : Peak Height Value o.sz 0.006 0.005
Peak Area Vaius .;o.oail 0.003 -fo,qbér“'
N.B.S. 'value- -(_6_45 I\rIon,er |

*Average of '5 or more determlnatlons

T Aqueous standards

+Range or 95% C L., whlchever larger

LS
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A o 95% c.n. = EE o
t = onstant from table (75)

's = standard deviation

n =

number of data p01nts

is;usedf_ For sake of comparlson, both the range and the

'95%.C;L .are used for the atomlc absorptlon data.

Slnce a sharp peak was obtalned for 51lver at thls_3df:'xﬁ

:atomlzatlon temperature (1850°C), peak helght values were
_determlned in addltlon to peak area values.- Means were
.mqulte comparable for both modes.; Ranges and confldence

"*llmlts were better when peak area was usedr




"fBackground correctlon was not . found to be necessary. All
1"Natlonal Bureau of Standards values are’ from neutron actl—f“-;:'

‘s.vatlon analys1s determlnatlons.' In the case of S R M 614_

» -“'Gold,content:of the.N.B.S.lstandards waé'aisofaétéf;{fff55*f*
‘imined.:.Table Vl‘shows the.results of'thls study. -Goldb
_determlnatlons were made us1ng an atomlzatlon temperature .
- of 2000°C. At thlS temperature vaporlzatlon 1s not quCk
‘enough to g1ve a good splke peak f However, s1nce work ‘
-v'w1th s1lver had shown ‘that peak area values were not only
acceptable but poss1bly superlor all determlnatlons were

made us1ng thlS mode.‘ Agaln, aqueous standards were used

the value llsted by N. B S. is, the average of work done by JD“

two separate groups.' Th1s value is not certlfled and no
statlstlcal data ‘is g1ven due to the extreme 1rrepro—.f‘
dUClbllltY“Of the results. A s1m11ar problem was noted 1nf}
thetatomic absorption'data. No cause has been determ1ned y?‘{:‘
.for this. problem but 1t would seem poss1ble that 1t 1s a

';“functlon of the materlal rather than the technlque since. f?”f?’

'_1t was noted by three 1ndependent groups. S R M 616 pre-‘ikli}'
ah;sents a most 1nterest1ng study The N.B. S_ value g1ven 1sf fﬁl;
the result of determlnatlons made by one neutron actlvatlonjy,
.'lﬂanaly51s group w1th1n the bureau. A separate group as-.mjt: S

' s1gned to determlne background levels in the base glass




Table VI. Gold Determination%

. N.B.S. S.R.M. 614

Peak Area Value

N.B.S. Value** (63)

N.B.S. S.R.M. 616

Peak Area Value

"N.B.S. Value** (64)

Glass Background Value (Ref.. 62)

Value Range . 95% C.L.
0.28 0.14 0.15
0.5 a none given
0.20 0.01 0.01
0.18 O.OlT

0.217 * 0.013

*Average of 5 or more determlnatlons
Aqueous standards

-..**Unqertlfled

TRange or 95% C.L., wﬁibhevé;.larger

09
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arrlved at a dlfferent and sllghtly hlgher value.-‘The'twoj”"”

values appear to be mutually exclu51ve Results ofhthe
‘atomic absorptlon determlnatlons yleld a value intermedlél
ate between the two N. B S. values.. Prec151on for all

three values is qulte good.- Since S .R.M. 616 1s supposed
to have a nomlnal 0. 02 ppm gold concentratlon, 1t seems
clear that what 1s belng determlned 1n all these cases is.
the base level in the glass ' It 1s 1mp0551ble to say whlch
'value-ls correct. The 1mportant p01nt to note is that the :'
7atom1c absorptlon value is at least as valld as those de—

termlned by neutron actlvatlon analy51s.‘
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The next element studledxmascopper, thellast of . theh
c01nage metals and one of the most 1mportant to those work-.‘
ing the glass‘analy51s field. In1t1al attempts at. deterell'
"mining copper 1n the N. B S. standards gave values greatly
1n-excess of accepted values. Subsequent attempts ylelded
Can array of 1rreproduc1ble results. Checks for background
absorption 1nd1cated that the problem was not background

"Since the determlnatlon of other elements had gone well

the assumptlon was made that the problem was pecullar to'v”.:fft‘”

' - copper and not a. flaw 1n the ba51c method : Th1s proved to-'

'be true.only 1n-part. Prlor experlence w1th coppernjlaque-

ous solutlons had shown that th1s element dld not glve the..:';

: prec1s1on normally expected w1th other elements. Condltlons,ﬂ *

of the: cups appeared to have a marked effect w1th older_l'
'cups g1v1ng values cons1derably lower than'new cup Values.éi“
.P0581bly some property of th1s “graphlte matrlx" was re— :
tardlng volatlllzatlon. The poss1ble formatlon of a non—{{:'

stoichlometrlccoppercarblde was also cons1dered ' Carbldeit

g.formatlon is: an 1nherent problem 1n the Woodrlff furnace fdlﬁf” .

._and in all other graohlte systems. If some reactlon werei
'f.taklng place between the aqueous standards and the sample
'fcup such that part of the copper standard was not belng

properly atomlzed, thlS would lead t0'low standard curves._
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In the ‘case of the glass, the copper was. evolv1ng from the‘;‘

:glass and would not come 1n contact with" the cup. In order ;3

to study this p0551b111ty, a serles of determlnatlons were

" made u51ng cups of other materlals. Molybdenum and v1tre-:'n

-fous carbon cups were used in the Woodrlff furnace. -InFaZF'
cross.study, tantalum lined graphlte cups were’ compared to :
‘l graphlte cups on the carbon rod atomlzer. In all cases the‘
‘ iflndlngs were s1m11ar to those shown in’ Table III.. The 1m--
.perv1ous materlals behaved in’ the same way that new.cups .
vfdid) Peaks were hlgher but peak areas were the same.;;Re}‘éﬁ
actlon w1th the cup was not occurrlng to any measurable‘de-‘jt
-gree. Agaln a check for background was made s1nce thlS was‘
the obv1ous problem.. Agaln none was found.do S

_ The lack of prec1s1on 1n the data 1nd1cated that the

= problem was one of lack of cons1stency 1n some baslc anal-_='jﬂ.'

ys1s-parameter.- An attempt was made to standardlze the
d_matrlx in the manner of Belyaev et al. (52'53) Glass
samples were ground to a flne powder and mlxed w1th graph— -
';lte powder. " This. mixture was. put 1nto a sample cup and -
graphlte powder was added on top.' Results for these deter;¥N
mlnatlons were in- the 5 ppm range.for S R, M 616 Prec1—;_if

51on'was 1mproved" Assumlng that the Natlonal Bureau of

Standards values were’ correct,. the value obtalned was over "Qd'fj,
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- osix tlmes hlgher than the ant1c1pated value. Slnce the" S

aqueous ‘standards used had been carefully cross checked
- and found correct, it seemed unlikely that the problem 1ayf

'w1th-them. Another background,check using the hydrogen

lamp gave ev1dence of a low but substantlal background ab—:'

sorbance._ At this point a complete proflle of temperature"ii"

versus absorptlon using the hydrogen 1amp was made for the .

' ‘glass samples. F1gure 12 shows the results of th1s deter—

: mination. No absorptlon is noted up to and sllghtly aboveflﬁﬂ

.20005C; Between. 2150 and 2300 C broad-band absorptlon or
‘ fscatterlng 1ncreases to an extremely hlgh level._‘By2400 C:
the level is hlgh enough to make accurate determlnationsn
.with'or.without background correction difficult;.:lt:is_
worth noting_that the;boiling point for Sio, ls‘approxie
.mately 2200°C (76). It 1s, ‘thus, probable that SlO Ils
the ‘background produc1ng substance._ | o

In retrospect it seems probable that the fallure

o _to note background absorptlon at an ear11er t1me was due :

to the close prox1m1ty of the temperature chosen for atom—,
'flzatlon to the 1nf1ect10n p01nt 1n the glass vaporlzatlon_

curve.g The furnace temperature w1ll Vary by +50°C from

one day to- the next when run at the same apparent power;i,':'

':settlngs.. In prior work thlS has not been a problem but
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. examlnatlon of the glass Vaporlzatlon curve shows that at.
the temperature at whlch copper was determlned such af_'
Varlatlon would be crltlcal | |

.One 1nterest1ng observatlon was that the’dlsappear—
ance or retentlon of the glassnln the cup_d;d'not‘correlatet“
hwith background'in all cases. Wlth_extremely small:samplest}”
" the glassvmay be,plating_out totally without entering‘the p
light path..'Examination of the'furnace after numerous‘deji'r
_termlnatlons showed that the glass was plated near the endsﬂ
of- the heater tubes but no ev1dence was found of glass resenl
idue in other parts of the’ furnace. The fate of theseft
small amounts ofsglass is thusfunclear.: It is temptlng to”
'Say that the slightlelevation ln:yalues_versust.BfS,”val—
ues for silver and gold,is caused hy 5'16wJ§aékgr6uﬁdfcoméf;r
ponent added to theﬂsamplelsignal.but no.evidence_of'thisl
was fOund.after eXhaustive study; "It does seemithat o
'whether the element of 1nterest dlstllls from the glass or’
is vaporlzed w1th a small part‘of the glass one can obtaln_

the same- result _ It is also clear that 51multaneous back— L

fground correctlon is needed when operatlng above 2000 C.'Zi‘f"".'

Results of copper determlnatlons w1thout backgroundf_
.correct1on were presented 1n Table II Table VII shows.}

-the results obtalned for the two S. R M. s u51ng‘proper_f




Table-VII{ Copper Determinétibn*

'N.st. S.R.M. 614 .'; SR _ .Value Range
Peak Area Value 1.61 0.32
N.B.S.  Value (63)  1.37

 N.B.S. S.R.M. 616
Peak Area Value 0.82 . 0.16

N.B.S. Value** (64)  0.80

95% C.L.
S 0.24
0.07"
0.04
0.09

*Average of 5 or more determlnatlons
. Aqueous standards _ ' —

?*Uncertlfled

A+Range'dr 958 C:L.,'whichevérflargér

L9
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-background correctlon of the type descrlbed earller._N B S..f'

' values fOr S.R.M. 614 are from 1sot0pe dllutlon mass spec—.”':”“

trometry work. Values for S. R M.. 616 -are from neutron
‘ actiuationianaly51s determinations using S;R.M. 614_as'a h
'Lstandard.' | N
| -ln the case of‘copper, in.partiCular,.the:chOicevofi;:
_ correct operatlng temperature coupled w1th background cor;_
rectlon made pos51ble an otherw1se d1ff1cult analy51s._5Theﬁ
'ablllty to use varylng temperatures stems from the fact
-that studles show that peak areas are the same for 1dent1—f:7
- cal analyte element concentratlons over a’ w1de range of
temperatures and matr1c1es. Flgure 13 shows examples of.
the effect of varylng the matrlx. In the water matrix. case-
it may be supposed that the tlme from flrst appearance of
' the 51gnal to the attalnment of maximum peak helght is pro—7
portlonal to the tlme requlred for vaporlzatlon of the sam—k'
ple whlle the slow decay represents the tlme for d1ffus1on f'
of the sample from the llght path (74 77) For the other“

.matr1c1es, thlS assumptlon 1s 1ncorrect.,:In-these cases

”-kthe max1mum peak helght represents the p01nt at wh1ch the :fﬁ-

’_vaporlzatlon rate to sample 1oss ratlo is at a max1mum

e Flgure 14 shows a -striking example of thls, fThe.Peakfmuls“f‘”

‘tiplicity is due o6 the evolut;on‘of analyte element . from
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various parts of the'overall‘sample...Since'residence:timezf'
for most atoms in the furnace 1s less than 10 seconds,‘lt
is obv1ous that a great amount - of the analyte element 1s‘
gone before the-last part-enters the light path.ﬂ_Theoreti;
‘calhstudies attempted (17,77) have made the assumption‘that
the area from which the’sample.is.vaporizea,is a_known-con?h-

stant. For the'glassvsamples studied and for similar

samples, this is not true. Avni and Harel (78) noted that - .-

when silicate rock‘samples were analfzed.infthe'd c”-arc;}
~.a rapid fusion -took place Wthh resulted in the formatlon
of glass beads.' This resulted in loss of sample surface
area.and change_ln vaporlzatlonirate;‘ Slmllar beads;are
'formed irreproducibly‘in the furnace. | |

Slnce control of vaporlzatlon rate is dlfflcult,.it;

is 1mportant for experlmental condltlons such ~as flow- rate fznwﬂ

vto-be as constant as poss1ble. It is also 1mportant that

all avenues of sample loss be reproduc1ble from sample to

samplé. The extent to which thls 1sftrue.for the‘WoOdrlffl N

furnace 1s 1nd1cated by the results for copper. hltlshouldf;;
be noted that the peak shown in Flgure 14 supplled one of

the data p01nts for Table VII.g




CONCLUSIONS

This work was undertaken to develop 1nstrumentat10nyuffﬁf3f

.. and methods whlch would allow the analyst to determlne;‘jij

trace 1norgan1cs 1n SOlldS w1thout s1gn1flcant pretreat—v, -

ment B It was demonstrated that w1th proper ch01ce of tem-v
perature,_lt is poss1ble to selectlvely dlstlll analyte |
elements from_the solld matrlx._ U51ng peak area mode"of‘fl
data'acquisitlon}'lt is p0551ble to determlne trace elementg
concentratlons for these SOlldS u51ng aqueous solutlons as _“

standards."Pre01510ns for atomlc absorptlon spectroscoplc

. determlnatlons made in thlS way were comparable to those
.freported for determlnatlons made by 1sotope dllutlon mass
‘spectrometry and neutron actlvatlon analy51s.' Sample prep—'“wﬂf ;j

';aratlon 1s not cr1t1cal and analy51s tlme 1s cut to a . few

mlnutes per sample.‘ In addltlon; 1nstrumentatlon for

o 'atomlc absorptlon 1s cheap>and:read11y avallable.'*uh

_ For determlnatlons where background correctlon is

.adv1sable, the sequentlal hollow cathode system prov1des:;j_¢
- an’ 1nexpen51ve, accurate method wh1ch 1s comparable to.

commer01al unlts 1n performance. The hollow cathode lamp

desrgned for thlS system ellmlnates the need for complex 53”-“"

'.optlcs; " In addltlon, the lamp has the advantages offered

by a'demountable;conflguratlonu,"
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Use of the techniques and instrumentation presented
with a Woodriff furnace atomization system provides a di-

rect and reasonable alternative for the analysis of solidsg"
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