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Surface Composition Determined by

Analysis of Impact Radiation

by E. W. Thomas

Luzuss 1, l97h

(&) 3B2chzground
, 1,2, - L) s
It has been shown that when a beam of low energy (30-3000 Volt) ions
or reuvral atoms impinge on a surface there is a copious emission of light
wnen the projectiles are hoazy (say Argo_, or Krypton) the largsst source of
emissicn is from atoms that are collisiéﬁally ejected irom the suriace and :

sed; this ejection process is commonly kncwm as sputtering.

o7 enalyzing she emissicn with conventional speCUroscooﬂc technigues one can

eternine what elemsnis exrs present in the surface under bombardment. An

t material; the mean range may e readily

or Arson ions (or atoms) at 3 keV enerzy this is only some

o or thres monclayers (i.e. two or three atomic layers). Thus the source of

excitetion 1s indeed the surface itsell and the daba provides information on

tnz surface composition only and not the bulk compositicon. The prejectile impact
Troyidas 2 corntinual erosicn of the material and so by Tollowing the signals

T varicus elements as a function of time does in fact acquire a depth distri-
3 —~ P N . ’ —yr
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bution profile of the material under study. Tt should be noted that the technique
causes the surface paterial to be ejected in the atomic state and therefore
provides information on individuzal eleﬁents. Thus there is no information on

the molecular arrangement of the target; such molecular information must be

sought by other technigues.

e objective of this work was to evalualte whether the analysis of the

2, surfaca, Ve discusdsad ir a pravicus renorit a numbar of sihw
tions in which this might be advantageous for the analysis of biological materials.
For a test case we have in fact decided to use a human tooth.

(B) Progress to Date

The equipment for this work consists basically of a positive ion accelerat r

ct
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firing a beam onto the target which is contained in an ultra high vacuum environ-

ment. FEaission from the target surface is analyzed by a conventional spactro-

meter. During the present reporting period the equipment was finally assembled

ck

he tooth into the vacuum system we encounterad

some subsbtantial vacaum proolems due to outgassing, princivally of the formalde-

o

B

hyde sslution in which the szmple had been stored. This was overcome by using
"dried" samplas that had not been placed in preservative and further removing

filvids by maintaining the semple in a subsidiary vacuun system for some days

Trhe impact at 15 keV Ar ez on the tooth surface gave rise to a visibl
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readily be analyzed spectroscoplically. The spectral
° - - K -
rarge studied was from 3C00 to 7000 A. The principel specirai lines were those

of Cz snd Cz (i.e. the Cz T end Ca II spectra respect ively). These lines



lcium atoms. The prsdcminance of-€2lcium is
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since some 33 to 39% (by weight) of human tooth enamel is said
o be caleiuwn”. Ve do not however observe any Prosphorus (16-18% by weight”).
On2 cen provide a reasonably convineing explenation of why phosphorus
1s not cbserwvaed. The P I spectrum is in fact to be fonnd at wavelenztns above
o
CCO A or belcw 2700 A; there are in fact no lines in the spectral region

azeessible to us. The P IT spectrum is fairly rich in the visible region

the 3715 4 line involves a transition from a state of 12.80 eV down to
', - - ‘ . - ~ —_—
.43 eV). By contrast, the resonance lines of both the Ca I and Ca IT spectra

lie in the visible and are in fact our most prominentc emissions; the excitiaticn

5.

of thase resonaznecss lines requires an energy of around 2-% eV. Thus the total

energzy transfer reguired to produce excited Ca is 2 eV, to produce excited

}.

Ca’' is about 9 eV (to both ionize and excite) and to produce excited P' is

2bout 24 &V. It is a well Inown fact in atomic collision studies that the

calcium to

indesd erpzct the visible thosphorus

e smould now consider whether any of the trace elements are to be found

[¢]

. R. A. Younz, J. Dentzl Res. 53, 193 (1974).



indead we cen identify thes2 sodium lines althougn they are weak.

a numosr of other observed lines. that cannot be ascribed

o analyze these to determine their origin,
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The provcsed tecrhnigue clearly is usesble and one can deuect sodium

thai s pressnt in a relative concentration of 1%. Tt is however our goal

LN = . [ —_ Ko JEN - Ly, IS g £\ + - . A R
c2 42T2ct ~2oncertraiicns Tar less bthan this and furthsr developments Lo
4 - 3 b - —, .

inprove sigral suorernzti zre under way.

Tha me2thod atparently suffers from a severe selectivity in detection of
diffarenc elements, Whare an excited state can be produced by a small energy
a reasonable detection sensitivity; if

vransfer is needed (such as for excitation of phosphorus

in teoth enem=l) the seasitivity may be poor. Of course such se le tj in

verizus elemanis is common to most analysis schemes; the case of

Qe

s m28s5 spsesromaiar, Tor ewxzople, is dirselly analogous to the present metho

)

Iz we gn2ll comumere the responsse of the tooth with that of synthetic

zratiszs {ndrovyzoatiis, chlorapatite, and fluorapatitej. Hopefully
detectiicon zensitivivy can b2 improved to permit detection of smell auantities
cf wrzz2 gliemenis.
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