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l ‘vof '25 samples were received and examined by induced
n er ion spectroscopy (also known as »ESCA) Included
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_ EXPERIMENTAL PROCEDURE = ..
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~had prepared*aﬁtabulationfbyfbindingVenergy of 1all levels of
-all elements in the range of 10 to 1100 ev from Siegbahn' 8
L]data. Although very useful the data in: the tabulation do

vﬁ@mnot always 'gree with values observed on; our spectrometer.“
-wvaor an. elenent;such as nitrogen a range of- binding energies 2

Ai_jifrom[approximately 395uev ‘to 410 ev is more- appropriate than][f
if”ifthe single value of 399 ev. from Siegbahn s table.rs

- Tw»;sources of lines other than direct photoelectron levels‘

"”_Jare (1) satellite lines from the Almas,. x-ray line of the

ig@source -and : (2) Auger lines.‘ ‘The satellite 1ines appear because
“iithe’ X-ray source produces its principal radiation of AlKal,,

“ };at 1486 .ev and a secondary radiation,:the Almm3,4, of ap=-

» 'proximately ‘one . tenth the intensity of the primary radiation
lat a"“energy of l496 evi. Thus, all intense photoelectron lines

i will- be: accompanied by a: less intense ‘1ine. (0 075 times ‘the

'fﬁ ;main line intensity) at 8 binding energy 10 volts lower in [,f e
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Induced electron emission spectra and analytical results have -
been obtained for. the 26 samples submitted : For reference
o purposes, the sample ‘numbers’ and sample descriptions are tab-

ulated in Table 1,

Table II gives sensitivity data for 33 elements. Among'theSe'ﬁ‘
_are the more commonly found elements and include a good range ‘
of sensitivities. “The estimated detection limits are based |
= on the assumption that a line of 25 counts per second ‘cdn ‘be

.observed above the noise.u Admittedly, this may ‘be somewhat

optimistic for: some elements.:‘ We must also assume that a
narrow scan of 20 volts width is’ run for at least 50 scans at
a. s\.an time of 10 seconds with 100 channels i’or data storage.

e The sensitivity can be increased by increasing ‘the observation

B ‘time - Signal-to-noise increases as the square root of the
: observation time. ' . o G oy










© “Estimated
etection Limit
Wb

o PCly
. Platinum
e




,,j,,.iWith the newest__Varian IEEv spectrometer, a11 scanning»times ‘
~  are reduced’ by a‘fact‘ of" about 10 Rescann:lng ‘of indiv:l.dual
'lines :,is' not required- any rdes:lred port:lon of a wide scan can
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dﬂ'not as yet have adequate data to verify that our measured

”';‘iruns made during a day arefbetter. Table IV gives the maximum,

nimum" and net counts pe second’ observed for five successive
W hin one hour of" “the " ,‘nc”region of sample no. 1022.v.v.

duwThe aximum spread is 530 counts’pergsec nd, or 2 ;1% ‘of - the

t;net count.v These scans were"plotted and are shown in .
: Thevagre_ment between the?binding energies of the L
‘gpeaks'is quite good.i_ ' LT = :

Table IV

. Regeated'Scans of Zn from Sa gleﬁNo.‘lozz

Maximum ;".,1'1 nimur .li,mf Net







’kaolinite from the Dixie Rubber Pit at Bath South Carolina.‘
o These data are given in Table V. Data are entered as two ‘
fnumbers he upper underlined number is the observed binding
’~fenergy in electron volts,lwhile the number inmediately below :
. is: the: net counts per second for the observed line.v Samples
1011 through 1014 show no large change in’ the binding energies
:_of either the‘Si(2p) or the Si(2s) levels.u-

The silicon results for samples#lOlS 1016 and the API stan— y
“dard: kaolinite appear “to be substantially different., However,;‘

ﬁtﬂ;if aycorrection:”or change in sample surface charge effect is
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e 11ne was observed at a bmding energy Of 100 8 ev. f°1‘ the Sl(2p)
' ‘.'_' level in the coal sanple._ If the carbon 11n 1s agam used as

104 7. ev 1n reasonable agreement w1th th y

o reported for samples 1011 through 1014 '. 5:_“.
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~collected on filters plus unexposed blanks of ‘the filters., L
. vResults;for samples 1011 through 1016 inclusive were given‘,
\bo Table III

5{7The-remaining data were separated into separate tables accord-.'

Zing to the’ nature of the samples.; Table VII contains the re—"

'.sults on the three lung samples Table VIII. gives the results

“7?Qfor coal and cement dusts while Table Ix gives the results.

_g;glfor dust samples collected on Filters.. Figure 3 shows scans ;
~ “'of the 900 to 1000 and-1000 ‘to 1100 ev ‘regions’ of sample no.
"”"1022 of filter 7 with welding fumes., “These. are typical of

: “the lOO volt segments usedvto obtain wide scans of the submitted =
1wfsamples.» T - :

e actually run with
The appearance
' 'A‘nitrogen

whe filter paper it serves as a rough indicator of the
of’filter surface coverage by ‘the dust.{ A heavy deposit
_"fof dust would completely cover the surface ‘of the filter paper‘
~’”f:‘and no 407 ev: peak would be observed (unless of course, the

"""adust itself cont"' ed. Noa,groups)
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_ 0.64 ng
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The results given above on the submittedwsamplesfserve only as.,l
_an indlcator and not final proof of ‘the : type and quality ‘of o
j:;results 1hat ‘can be. obtained from an: IEE, spectrometer,‘vTheg
:f;strong feature. of an IEE. spectrometer is- that it is'sensitive
”_;in a very thin ‘surface- layer, 50 to 100 L in thick-

: ~Af the material of interest is:. normally
on a surface,\orbcan be prepared as:a surface layer then IEE

¢ f,;elemental content. and give. quantitative and b
chemical character information of the elements present.,,ywiﬁi' .

~,The value of IEE for the study of dust collected on, filters is N
» “that no: special chem1ca1 preparation or treatment of the sample =

‘ is required The results obtained are in terms of weight per-'
”;,cent of an element in the: dust collected on the: filter. How= yp
TQLever,,they do not give a measure of the tota1 dust accumulated

per volume of air passed through the filter. That result oan B

" be. determined from a simple weight measurement. Since ‘only a
"fsmall total volume of dust is. required air sampling time can

. minimized The. IEE spectrometer sees only.a 50 to. 100 1 :
:l’thick layer, and there is no advantageiq ;collecting more samples
”ﬁfgfthan that required to form a 100 L thick layer. A sample volume,’""

:rof about 10_6 cma,is required to prepare an IEE sample to a













‘;se‘ the observed binding en-
*_:almost always present as an
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‘The field of induced electron emission is a new but rapidly
developing field of spectroscopy. The newness of the field
is exemplified by the fact that during the ‘1ife of this short
‘ contract Varian has provided three improvements for our
"*spectrometer. (1) a thinner x-ray shield for higher flux

'*ffdensity, (2) a more - linear counting preamp and pulse amplifier_

‘(were installed and (3) wiring changes in the retarding voltage
’ power supply were made to improve the " accuracy of . binding
energy measurements.‘ Unfortunately, with such rapid develop-
:‘ment earlier data and techniques bec ome rapidly outmoded,
- Much- work remains ‘to be done in the development of simple and
."general techniques for absolute binding energy measurements.
Quantitative work needs improved understanding of what the
. spectrometer observes in the sample and related problems. How-
“ﬂever, with ‘the broad interest shown by the rapidly increasing
number of spectrometers in operation, development of techniques
.and applications should be rapid.. The actua1 and potential
__applications to environmental problems have been discussed
.:above and merit your consideration.
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