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AUTOIONIZATION OF HIGHLY EXCITED Ar+ IONS PRODUCED BY ELECTRON IMPACT* 

Amos S. Newton, A. F. Sciamanna, and R. Clampitt 

Lawrence Radiation Laboratory 
University of California 

Berkeley, California 

May 1967 

ABSTRACT 

* The (M/q) =. 10 peak jn the mass spectrum of argon observed at ionizing 

electron energies of 40 to 120 eV (uncorr.), is shown to consist of approximately 

equ~l contributions from: 1) surface-induced transitions' of an excited Ar + ion 

+1- ) + to AI' at the last ion-source slit, and 2 an autoionizat.ion of an excited AI' 

ion after the last ion-source slit. By use of an auxiliary slit beyond the 

last normal ion-source slit, these two processes were separable, and it is 

shown that the excited state undergoing surface-induced transHions is a dif-

ferent state than that undergoing autoionization, with the autoionizing state 

having an A.P. of 0.5 ± 0.2 eV higher than the state undergoing surface-induced 

transitions. The existence of autoionizing states of Ne+ and Ar ++ was also 

confj.rmed . 
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INTRODUCTION 

1 
In a recent paper "We confirmed"the existence of highly excited states 

of noble gas ions and sho"Wed that they undergo transition to the next higher 

charge state near a metal surface, Excited states of Ar+ "Were shown, in a 

Dcrnpster type mass spectrometer, to undergo the transition: 

A ++ r + e 

at the Isatron ion-source first slit, Sl' focus slit, SF' and last slit, S2' 

The assignment of the mass peak in argon which appears at an apparent mass 

* (M/q) = 10 to the surface-induced transition at the last ion-source slit was, 

2 
hOI/ever, open to questiol1, as Daly has proposed the (M/ q) == 10 peak'in argon 

to be due to autoionization of an excited argon ion after the last ion-source 

::<u.t of hj,r; mass spectrometer: 

+ * (Ar ) autoionization > ++ Ar + e (2 ) 

1 
The experiments previously described did not allo"W one'to distinguish 

* ,whether the (M/q) = 10 peak in argon arose by mechanism (1) or (2) or a combina-

tion of both, Previous \wrk by McGowan and Kerw i.ri3 i.ndicated the (M/ q)* = 10 

peak in argon to arise from a collision-induced transit jon in the gas phase: 

+ * (Ar) + Ar -----" > Ar ++ + Ar + e 
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1j. 
Kuprlyanov and Latypov found thi.s peak in argon to arise both from a gas phase 

col1i~:;jon-induced process and a surface-induced transition at the last slit. 

2 * Daly, however, showed that, in his apparatus, the (M/q) = 10 peak of AT was 

linear with ion-source pressure indicating the occurrence of either reaction (1) 

or (2). He obtained a 
-6 

half life of 0.8 X 10 . sec for the process and concluded 

that it was one of auto-ionization. 

* Tn the presentvlOrh:, we shml the (M/q) ,,=10 peak of argon, as observed 

vii th our apparatuG, to be composed of two components of approximately equal 

intensity. One is due to a surface-induced transition at the last slit in the 

ion source and the other is due to autoionizati.on. We are also able to show 

that these two components arise from different excited states of Ar+. 

EXPEIUMEN'rAL I'-1ETHOD 

The wor1'.: described here was performed on a Dempster type mass spectrometer 

(Con;,olidat.ed Electrodynamics Corporation Model 21-103B). Most of the modifica

t10ns have been deGcribed previously,l but some further modifications were neces-

~3ary for the present investigation. The Isatron ion-source was modified by the 

addi.t~ on of [~li t 3
3 

as shown in Fig. 1. The previously grounded last slit, 3
2

, 

was im:;ulated from ground with alundum i.nsulators. Sljt S3 vJaS added usi.ng alun

dum spacers Hnd inGulators and vias grounded. A separate lead was attached to slit,S2' 

and this could be connected to ground or anyone of a number of voltage points 

in the high voltage dropping resistor chain or in the mass marker resistor chain. 

In this.JaY various voltages could be applied to 32 up to a voltage of 0.069 VA' 
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and these voltages were each proportional to the accelerating voltage, VA' 

Higher voltages than 0.069 VA could be applied to slit S2' but small additional 

steps were attainable only by modifying the resj.stor chain. Since 0.069 VA gave 

, * adequate separation of the peaks at (M/ q) = 10 and there is considerable loss 

in intensity of all peaks with increasing Vs ' further i.ncreases were deemed 
2 

unnecessary. Three modifications of slit S" were used. 
) 

1) a slit 0.76 mm 

wide in a plate of 0.76 rrml thickness, 2) the same slit increased in width to 

1.0 ~~) and 3) a slit 1.5 ~~ wide in a plate of thickness 0.76 mm with the slit 

opening covered on the side facing slit 8
2 

by a gold screen of ~82% transparency. 

The inner focus control was increased in sensitivity by changing the exist-

ing 2.5 megohm potentiometer to a 0.5 megohm 10-turn potentiometer which could be 

inserted by a s,vitch into any O. 5 megohm sectl.on of a total resistor string of 

2.5 megohms. Focus plate voltages were measured with a Fluke null voltmeter. 

Scanningwi.th the inner focus voltage was accomplished by using a motor drive on 

the 10-turn potentiometer. 

The detector sensitivity "Was increased by about a factor of 40, (to approx-

. t J ].0- 15 A lma ey per chart division) with a gain in signal-to-noise ratio of about 

20, by substituting a Loenco (Loe Engineering Co.) Model 21B electrometer for the 

existing amplifier on the mass spectrometer. A 1012 ohm grid resistor and a 1 mV 

recorder 'Here used with this amplifier. Considerable increase of time constant 

in the recording system resulted from this change; therefore, the scanning speed 

was reduced by a factor of about 60 by use of a 2x 109 oh.~ resistor in the voltage 

scanning circuit. At this scanning speed, peaks were recorded with intensities 

greater than 95% of their steady state intensities. 



-4-

Owing to the slow rate of data collection using this amplifi.er, in order 

to keep a constant pressure in the apparatus, a 50 liter inlet volulne 'Was 

provided. The rate of leak from this volume was approximately 1% per hour. 

EXPERIMENTAJ-l RESULTS 

When a potential is applied to slit S2' an Ar++ ion from Eq. (1) vJill 

by
l 

appear at an apparent ma:" s given 

(M/q) 
-)(-

(4) 

where ql and V
l 

are respectively the charge and accelerating potential of the 

ion before the transj,tton, and q2 and V 2 are the charge and accelerating poten

tial of the ion ai'ter the transition. In Fig. 2 are shown the mass peak profiles 

* in the region of (M/q) 10 as observed under various conditions of S2 and S3' 

In Fig ~ 2A,vlhere Vs 0.058 VA and S3 is the gold screen, three peaks are 

2 * * * apparent: one at (M/q) = 10.00, one at (M/q) = 10.10, and one at (M/q) :=: 10.58, 

plus a marked [, ignal :i.n the region between the 10.10 and 10.58 peaks. In } .. "ig. 2B, 

'Where S3 is an open slit, the peaks are the same except that the peak at 10.00 

* is reduced to a shoulder on the (M/ q) = 10.10 peak. WlLen S2 is grounded (Flg. 2C) 

* all these are consolidated into a, single peak of (M/q) = 10.02. All pea.k masses 

were measured at the peakmaximurn with a precision of ±0.01 amuwith respect to 

the mass sca.le calibrated at A~+++ == 13.33. 

" 
• 1 
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In Fig. 3, the mass positions of these Peaks are shovm as a function of 
, 

the voltage on slit 8
2

, The open cJrcles are for an open slit at 8
3

; the posi ti.on 

* of the shoulder on the residual peak near (MjqJ - 10 is not SllOlVD . Each pol.nt 

j.s the average of 4 to 6 measurements -which differed jn value by less than 

± 0.01 mass units. The solid points -were measured -wi.th the gold screen at 83' 

'The solid lines A and Care calClllated from Eq. (4), for surface-indlwed transi-

tions at' slits 8
2 

and 8
3 

respectively. The intermediate points on dashed curve 

B for the second peal;;: in Fig . 2A shoYi this peak to increase in apparent mass 

from 10.02 (sum of all peaks) at Vs 
2 

increase being linear Ylith Vo • 
°2 

= 0, to 10.12 at V 
s2 

0.069 VA' the 

A self-consistent interpretation of this data can be made if·i.t is assumed 

that both processes (1) and (2) contribute. In Fig. 2A, -with 8
3 

the gold 

I * screen, the peaks at (M q) = 10.00 and 10.58 are due to surface- inducedtr;ans:i-

. I * Hons at slits 8
3 

and 8
2 

respecti.vely, the peal<: at (M q) 00. 10.10 is due to 

aut6ioni.zation after slit 83' and the signal observed 1)et-ween CM/q)* = 10.10 and 

10. ~)8 is due to autoionization in the space bet-ween 8
2 

and 83' Tlle behavior of 

. * 
the peak at (M/q) = 10.58 (Fig. 2A, 2B) -with voltage on slit 8

2
, as 

sho-wn in Fig. 3, proves that thj.s peak ar~ises at slit 8
2

, I-lhile the lack of sllch 

* an effect in the (M/q) = 10.00 peak and the drastic reduction in its intensity 

-when 82 is changed to an open slit sho-w this latter peak to arise at 8
3

, 

* Tl1e movement in mass position of the (M/q) = 10.10 peak in Fig. 2A and 2B \-lith 

Vs can be qualitatively understood on the basis of the ion optics of autoioniza
. 2 

tion after acceleration ;ina Dempster type instrument and i.s discllssed later in 

tbis paper. 
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]n Fig. 4, the effect of pressure on the peaks of l"ig. 2B and 2C are 

ShOlin. The peal~ intenslties are essenti.ally linear with pressure and also with 

electron current from 5 to 80 [JA; hence they ari.se from first order or pseudo-

first order ~nechard.sms. The observed abundances are critically dependent on 

the focusin.g characterj.stics and space charge densiti.es i.n the ion-source,so 

for each measurement it was necessary to readjust the inner focus potential for 

maximum signal at the collector. 

'rhe focus condHions of these respective peaks is especially ·illuminati.ng. 
H, 

:F'lrst, because the magnetic f'ield,/and the accelerating voltage, VA' are set to col-
.'1-

leet (M/q)" :=: 10 when Hsproduction depends upon M/q =0 40 being focused at 8
2

, 

the ratio of inner to outer focus voltage is quite different than if 

H and VA \~ere set to eollect M/q = LIO. 'I'hL3 situation arises because, 

in a Dempster type instrument, the ion-source is in the magnetic field and thus 

acts as a mass spectrometer of low resolution. 

Under normal conditions of .operation with S2 grounded, and the potentials 

on the foeui3 slit adjusted for maximum peak intensity and minimum beam \~idth 

at the collector, the focal point of the lens system Sl-SF-S2 is at slit 8
2

, 

When 82 is operated at a potential above ground wi tll no change i.n Vl'" the decrease 

in field gradient between SF and 8
2 

increases. the focal length of the lens system 

and the focal point is beyond 820 At a given voltage on 8
2 

however, the poten

tial on S~ can be changed to agai.n make the focal poi.nt of the lens system at 
l' 

E)2' In :F'igo 5, wHh V
S2 

= 00069 VA' are shown super i.mposed tracings of the inten-

* * ·dty profiles of the (M/q) = 10.12 peak (dashed line) and the (M/q) = 10.69 peak 

(solid Hne) obtai.nedby scanning the i.on'oea.m across slit S2with the jnner fOCLlS 
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voltage for four separate values of the outer focus voltage. With a high field 

gradient between 8
1 

and 8
F

,where the focal point is well beyond 82 , (curve A) 

the two profiles are sjmilar but with a distinct broad maximu.rn in the center of 

the M/q = 10.69 peal\. profile. At a lower field gradient: (curve B), the maximum 

in the center of the 10.69 peat profile is quite sharp vlhi1e the 10.12 peak 

profi 1e :i.[~ symmetr ieal. At still lower field gradients, (curves C and D), the 

10.69 peak is split into two sect:Lom; and the 10.12 peak is centered over the 

minimum between the two. These curves conclusively prove that the peak at 

(M/Clt = ]0.69 arises from the Ar+ i_on beam striking the sli_t edges of 8
2

, 

* + . while the peal.:;: at (M/q) = 10.12 arises from AI' passlng through slit 8
2

, In 

Fig. ~)D, the Ar.:1 -beam iSI-Jcll focused at 8
2 

and has a beamwidth at 8
2 

narrower 

than the slit. Thus as the Ar+ beam is scanned across the slit,the * (M/ q) =10.69 peak 

intensity ri.ses as the beam impinges on the first slit edge, reaches a maximum 

as it CrOS[3eS thi s slj t edge, then decreases to a minimum when essentially all 

of the beam is passing through the slit. As the beam crosses the other slit edge, 

* the peak intensHy rises to another maximum. 'rhe (M/g) =10.12 peak intensity has a 

single maximum when tbe beam is focllsed in the center of the slit. In Fig. 6 

* are shovm the (M/ q) = 10 peaks when scanned under the outer focus conditions 

of Fig. 5D. In Fig. 6A the inner focus is at the maximum of the 10.69 p~ak; 

jn Fig. 6:s the i.nner focus is at the minimum for the 10.69 peak and the maximum 

for the 10.12 peak. This illustrates the dependence of the peak intensities on 

very smaLL changes of focus conditIons and also facilitat.es at least a partial 

separation of the peaks produced by the two mechanisms. 

In Fig. 6A and 6B, the ratio of the intensity of the shoulder on the 10.12 

peak to its maximum peak height is constant as is the ratio' of the rise between 
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the peaks 
-)(. 

(measured by the extrapolated rise at (M/q) = 10.69), to the 

maximum height of the 10.12 peak. Both these features are thus related to the 

beam intensity p~ssing through 8
2

. We ascribe both to the autoionization 

process. 

Ionization efficiency curves of these peaks have been obtained under various 

conditions of focus, with 8
3 

the gold screen, and with 8
3 

the open slit. Typical 

examples are shOlm in Fig. 7 for \,hich the focus conditions were near those of 

Fig. 5B) i. e., a maximum for both the 10.10 and 10. 58 peaks (V8 
2 

at the same inner focus setting. Slit S3 was the gold screen. In F1g. 7 are 

plotted the ioni.zation-effici ency curves for the 10.00, 10.10 and 10. 58 peal~s 

with no correct~.on for cross contributions to these respective peaks. The curves 

have been normalized to the peak maximum whi.ch occurs at an electron energy of' 

57.5 eV (uncorr.). The curves for the 10.00 and 10.58 peaks are seen to be 

essentially ident:Lcal, and differ markedly from the curve for the 10.10 peak. 

Both sets of curves shOl-l a maximum at 57.5 eV (uncorr.) but the maximum of the 

10.10 peak is sharper and this curve falls off much faster at higher electron 

energies. In addition, at lower electron energies, the curve for the 10.10 

peak crosses over the curve of the other two peaks and extrapolates to a higher 

appearance potential. Values from six different sets of curves under various 

7(. 

conditions of focus, pressure, and ion accelerating voltage all show the (M/q) 

= 10.10 peal\. to have an appearance potential 0.3 to 0.7 eV higher than that of 

the (M/q) * 10.00 and 10.58 peaks. We therefore estj.mate the difference in 

appearance potential of. the states contribu.ting to these two processes as 0.5 

± 0.2 eV. 
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lQ.l2 peak to the 10.00 peak and a contribution frolli the rise ~etw2en the peaks 

to t11e 10.53 rea},. He:: b?ye no :ne2.!lS of esti:nating 'villether c1' not .tbe 10.00 -

peak contributes to the 10.10 peak intensity. These cross contributions ~ill 

Imler the high electron energy portions of the ionization efficiencJ' curves 

for tlie 10.00 and 10.58 peaks. When the 10.58 peak is plottee as biC separate 

* cO':iponents, i.e., the extrapolated l'ise between the peaks as !:ieasured at (H/q) 

== 10.58, and the residual peak above this rise, then at high electron energies 

the CLlrve for the residual 10.58 peak is raised, "\-Jhile the curve for the 

extl'apolated rise is identical) '\-Jithin experimental error, wi t~l that of tr;e 

* (M/q) == 10.10 peak. 

2 
The curve for the M/q co 10.10 peak is si!nilar to that given by D3.1y 

" . * 
for 11i,s (!v1/q) '" 10 peat \'ihich '~JaS ascribed to autoionizatj_on of anexci ted 

+ * state of Ar. He conclude that the (M/q) ,= 10.10 peak is the result of an 

autoioni:~ation process. 'He further conclude that the 10.00 and 10. 58 peaks 

a:rlse from surface-induced transiUons at 8
3 

(gold screen) Rnd slit 8
2 

respec

tivel~' <"no that the excited. state (or states) of Al'+ undergoing ~)ul'face-induced 

transitions is different .from the excited state undergoing aut::::ionization. 

1'le have not made detailed studies on other noble gases and highe:c charged 

+ * + * ++ * of argon, but have qualitatively looked at (He ) , (Ne ) ) (AI' ) in 

regard to surface-induced t.:cansiU,ons at 8
2 

and 8
3 

cO!llpared to autoionizatiOl1S. 

-x
In,heliu!ll no peak at (H/q) 1 was observed ~t the highest sensitivity 

and at high pressures. Inas!lluch as the transition: 
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++ 
He + e 

t . 1 1 at the focus sli was seen prevlous y, it is expected that surface-induced tran-

sitions at 82 and 8_ should occur. 
) 

However an autoionizing state is manifestly 

impossible in a one-electron atomic system. In (Ar1*, the maximum ratio of the 

intensity of * (M/q) = 10 to the intensity of the surface-induced peak at 8F was 

* As has been shmm in the present \-Iork, only about half the (M/q) =10 about l:i>O. 

peak was surface-induced, so the ratio of conversion at slits 82 and 8F respec

tively was actually about 1: ,30. Hence, judging from the intensities of the He + 

+ 1 
and lITe surface-induced transttion peaks at SF' no peak should be observable 

f'or the tr,ansition at S2 or 8
3 

even at the highest sensitivity Ilsed. Theret'ore 

* the absence of an observable (M/q) 1 peak in He is most likely due to a 

lack of sufficient sensitivity in the detection system. 

In Ne+, an * (M/q) = 5 peak is observed at high pressures. With V8 
2 

applied, the peak is seen to be essentially all due to an alltoionization process 

+ * occurring after S3 and between 82 and 83' since it resembles that of (Ar) ,,'hen 

focused to minimize the surface-induced components (Fig. 6B). A similar sHua-

* ++ * tion was found for the (M/ q) = 8.9 peal':: from (Ar ). Here again only the auto-

ionization peak was seen but the aforementioned intensity considerations suggest 

that the yield from surface-ihduced transitions at 82 or 8
3 

will also be too low 

to observe with the present apparatus. 

In krypton and xenon, the multipHci ty of isotopes makes it impossible 

to achieve a separation for anyone isotope of the 8
2 

and 8
3 

surface-induced 
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and autoionizat:i.on pea"l<:::: l,~ ithout overlapping the set of peaks from another 

isotoPe. Vii th mono-isotopic Kr and Xe this method should separate the components 

arising from the t\VO mechanisms. 

DISCUSSION 

The reGults presented here show that with the apparatus used in this 

* investigation, the (M/q) == 10 peak of argon observed at ionizing electron ener-

gies of )+0 to 120 eV is the result of the sum of two proceGses. The n.rst process 

is the surface-induced transition of (Ar+)* to Ar++at the last slit of the ion 

source, Eq. (1). Second h; a transition which satisfier; all cri.teria for an 

autoioni:;cation and we agree wi.th Daly that this is an autoionizing process. 

Further, we conclude that these two transitionG occur from different excited 

states -of the argon ion, the autoionizing state having an appearance potential 

o.s ± O.2eV higher than that of the state undergoing surface-induced transitions. 

For 8.utoionizat:ion to occur, the total energy of excita,tion of Ax +. must 

+ be great.er tl1an tbe ionJzation potential of AI' , Le.) the excited state must 

lie ++ above the ground state of' AI' . Such a state could be one in which two of 

thE: 1"i vr:: N;mai.ning 3p outer electrons i.n AX'+ are each excited to higher levelE;, 

trle total energy of the excitation being greater than the ionizati on potential 

.L 

of Ar'. A second possi.bility is the excitatLon of an i.nner3s electron to a 

higher state, and when the return transition occurs, ioni.zatj.on OCCLlrs by an 

Auger process. In the absence of data on the .~nergy levels of the :i.nner elec

+ trons i.n Ax , a specific assignment does not a'ppear feasible at present. 
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6..'ppe8.r(;~c:e of resonance processes but t1'le slo\·~er falloff "ll'.~ith .i~crcasin[ eJec-

tron.energy beyond the maxi!llu!TI at 57.5 eV oj' ti-,~ surface- 1n::1:1ced pea],: :,nten.s ity 

transitions is greater tban the oandviidtb of tllose undergoing autoionization .. 

* If the (M/q) =10.12 pk at V
S2 

0.069 VA j.s to be ascribed to autoion-

+ * ++ ization of CAr) to yield j1,r. in the free space beyond slit S~, then the in-
) . 

crease in apparent mass oj' tbis peak ,-lith increasing Vs must be explained. 

56 2 
Coggeshall and Ne\,ton have given follm·,ing tl1e equation for the appar~nt 

radius (related to apparent mass) of the product ion of a ynetastable trans.ition 

as a function of distance traveled by the parent ion after acceleration in a 

Dempster type mass spectrometer: 

* .r 

'l!- 2 
(R-:-r) + r -R(21'-R) 
-' R + (2r~R) Cos e 

Cos 9 (6) 

il11ere R is the radius of Hie parent ion nnder the conditions of VA and H for 

collecting the daughter ion, r is the radius of normal ion trajectory, and 9 the 

angle t(l_rongh vihich the parent ion travels in its trajectory of radius R before 

UK; transition. 

( +)* For the autoionization of Ar , 

+ * L+ (Ar) ~--> Ar-' + e , ('7) 

if (Ili/q)* :::: 10 is to be collected, then R, the radius of (Ar+yii- vlill be equal 

to 21'. Therefore in Eq. (6) the coefficjerits of cos e are zero (21' = R) and r* 

I-rill al'-iaysbe equal to r., Hence there is no change in apparent mass '~i th distance 

beyond the ion source at "lhich the trans i tion occurs. 

I 
I 
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I 
I 

I 
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However, Eq. (6) was derived on the implicit assumption that the parent 

ion emerges from the j_on source in a trajectory normal to the plane of the last 

slit. If however, the parent ion emerges from the last slit at an angle cp with 

respect to the normal, then the situation is more complicated and Eq. (6) no· 

longer adequately describes the situation. Figure 8 shows the schematic 

representation of the metastable ion traject6ries for the case in which cp is 

* toward the magnet center. Under these conditions the equation for r , the 

apparent radius at which the daughter ion is collected and g, the displacement 

of the new center from the normal center C 
o 

are given by the equations 7: ... 

-)(

r 

g 

2 2 2 . ( \ R + 2r - R Cos 8 + 2 RrCosG+12t- 2Rr COS CP. 
R + 2r Cos (8+cp). - R Cos 8 

(8) 

* - 2 Rr Cos ~ - 2r(R-r )Cos(8+cp) 

* - 2R(R-r )Cos 8 

v.lhen cp = 0, these equations become identical with Eq. (6). When cp is 

away from the magnet center (designated as cp = negative in Figs. 9 and lO),the 

same equations apply except that where (cj)+8) occurs in Eqs. (8) and (9), one 

substitutes I 8-<:p1 . 

A . 1 h 5,6 s preVlOUS y sown, * peak cutoff occurs \.lhen: 1) r + g is equal 

* to the outer radius of the analyzer tube, i.e., the outer cutoff, and 2) r - g 

is equal to the inner radius of the analyzer tube, the inner cutoff. 

In Fig. 9, the field of collectable orbits for the autoionization of 

(Ar+')-.* to Ar++ as ft·· . f,1, d A' 1 tt d a unc ·lon 0 '+' an _ lSP 0 e . The upper and lower solid lines 
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represent the outer and inner tube cutoffs respectively. The dashed lines are 

isobars of th,~ labeled apparent masses. An absolute cutoff of this "Whole field 

occurs at about ¢ = 18°where the (Ar+)* ion strH:es the inner surface of the 

analyzer tube. The angle e through which orbits are collectable is directly 

related to the distance of travel over which dissociation can occur, i.e., 

related to· the tim~ ava11able for dissociation, hence the intensity of the result'
-J(. 

ingpeak. In the region of ¢ '" 0, the peak is centered around (M/q) = 10.00, and 

·\vith tlwnormaJ. ± 2° spread in angle of emergence from slit 8
2

, the limits are from 

9.95 to 10.05· As the spread in ¢ increases, those deviations away from the mag-

net center (cp designated as negative) have only a small range of e of collectable 

:Jrbi ts and i;herefore contribute less to the peak intensity than do deviations 

toward the magnet center (¢ designated as positive) wllere the range of e of col-

lectable orbi tf3 is larger. As ¢ increasef, more orbits of apparent mass greater 

than 10.00 are collected and the integrated apparent mass increases. In Fig. 10, 

is shown the dif;tance traveled i.n collectablE: orbits (dashed line) and the average 

apparent mass of these orbits as a function of ¢. It 18 seen that in order for 

the average ap.parent mass to be 10.1, ttle angle of deviation must be about 6° 

toward the magnet center. 

". Such deviations in ¢ can occur because :1) the trajectory of (Ar +) * 
through 82 , under conditions when VA and H are set to focus M/q = 10 at the 

collector, is normally at a slight angle toward the magnet center since the 
\ 

+ * (AI' ) beam has been forced through 8
2 

(when normally (M/ q) = 10 should be 

focused tlu~ough 82 ) by changing the relative potentials on the inner and outer 

focus plates j 2) when 8
2 

is above groundpotenttal, the 8
2 

- 8
3

" 81i t system 

becomes a sl.ightly divergent lens. The i~noptics of this system 
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(in coml):ination Vii th the 8
1

- 8
F

-8
2 

lens system) is complicated and has not been 

calculated, but qualitatively it is clear that the divergence of an ion is 

proportional to both the voltage gradient bet\~eeil 8
2 

and 8
3 

and the iili tial 

angle of divergence through 8
2

, Both the gradient between 8
2 

and 8
3 

and the 

focal point of the 8
1

-8
F

-82 lens system change with V8 . 
2 

One may thus qualitatively understand the peak distribution in Fig. 2. 

In F:ig. 2A the surface-induced transitions at 8
3 

giving the 10.00 peak, all 

occur near e == 0 (actuallye ""' 0.47' of arc from 8
2

) and Fig. 9 shoVis that such 

transitions v7ill all give apparent masses between 9.95 and 10.00 (curve C of Fig. 

/ * . 3). The surface-induced transitions at 8
2

, (M q) == 10.58 in Fig. 2A, also occur 

"lith e =0 0 by definition of 0, and hence appear at the mass calculated from Eq. (4). 

rrhe pea.k .due to autoionization 'will, however, be displaced at hjgh V8 values owing 
'2 

to the increased contribution of Ar++Jons arising at higher ¢ and e values 

which correspond to greater apparent masses. In Fig. 2B, the shoulder probably 

arises from those ions emerging normally from 8
2 

and hence are not appreciably 

deflected by the field between 82 and 8
3

, The peak at V 8 = 0 in ji'ig. 2C, wi th 
2 

an apparent mass of 10.02, indicates that most of the beam through 8
2 

is within 

,'a spread of less than 2 or 3" deflection from a normal tra.jectory. 
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Figure Captions 

Fig. 1. Modified Isatron ion source. R = repellers, normally run at "-'1.01 VA; 

8
1 

= ion source first slit, run at VA; SF = i.on-source focus [.,lits, normally 

run at ~-0.92 VA; 8
2 

== ion-source last slit, normally grounded but now insu

lated from ground and run at Vo j 8
3
. 0= added slit, run at ground potential. 

°2 
* Fig. 2. Peal/;: pronles of (M/q) == 10 peaks i.n argon usj.ng modified Isatron j.on 

soul'ee. 

A) Slit " gold screen, Vs 0.058 VA ')3 
2 

]3) sut S3 1.0 rrL'1l. slit, Vs 0.058 VA 
2 

(' \ SJi.t (' 1.0 mm slit, Vs 0 . -) Us 
2 

conditions: inlet pressure = 1000~, V == 57.5 eV, I 75 ~, MV 7540. 

Peak intensj.t.i.es are on an arbitrary scale. 

* Fig .. 3. 8hift in apparent mass of (M/q) 10 peaks in argon with potential on 

s]j.t 8
2

, Solid lines of curves A andC are calculated for surface-induced 

transitions at slits 8
2 

and 8
3 

rcspectJvely. 

open c:i rclef3 - sl.it c; '-3 0.76 mm slit 

solid points - slit s~ gold screen 
./ 

, * Fig. 4. IJj.nearity wj.th pressure of the (M/q) , ~" 10 peaks in the ma[3S spectrum of 

Fig. 

+++ argon. T11e intensity of Ar is u.sed as the compari.son standard. 'I'he ratio 

ion source pressure 

A) * (M/q) 10.00 

B) (M/q) 
-J(. 

10.01j. 

* C) (M/q) 10.21 

-4 
to inlet. system pressure == 8.6xlO . 

V0 0 
°2 

V 82 
0.0213 V A 

Vs 0.021.3 VA 
2 

5· Varlation in peak :i.ntensi ties of tbe ( ' +. * (( / )* autoj.onizj.ng .As) peal\. M q 

10.12) dashed curve8 and the 8
2 

surface-induced transH10n peak ((M/g) 
.)(-

10.69) solid curves, as observed when the Ar+ is scanned across slitS2 
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by varying the inner focus potential at various designated values of the 

outer focus potential (O.F.). 

Conditions: Vs == 0.069 VA' Inlet pressure 10001-1,\1 751JA • 
2 e 

V = 57. 5 e V, MV == 7540, 8
3 

== 1. 0 mm slit. 

e * 
Fig. 6. Peak profiles of the (M/~) == 10 peaks in argon at high outer focus 

A) Inner focus set at the first maximum of the slit 8
2 

surface-induced peak. 

B) Inner focus set at the center minimum of the slit 8
2 

surface-induced 

peal\: and the maximum of the peak due to autoionization. 

Conditions: Inlet pressure co 10001-1, V = 57.5 eV, I 0.069 
e e 

VA' J'VIV = 7540, S3 == 1.0 mm s 11 t . 

* :Fig. 7. Ionization efficiency curves for various components of the (M/q) == 10 
-)\-

peak in argon. Open cj.rcles, (M/q) :: 10.00 peak from surface-induced transi-

* "cions at slit 8
3

; solid circJ.es (M/q) = 10.58 peak from surface-induced 

* -
trans:Ltjon:3 at slit 8

2
; and triangles, (M/q) = 10.10 peak from autoioniza-

tion of (Ar1-K- beyond slit 8
3

, 

Conditions: Slit S3 ~ gold screen, 

MV = 7540, inlet pressure ~ 10001-1, I 75 ~, repellers = 1.011 VA' 

e * 
Fi.g. 8. Schematic construction for deriving I' and g as a function of R, 1',9, 

and cp. 

* R = radi_us of parent ion; I' = apparent radius of daughter j.onj I' '" normal 

radiLLs of ions, S2 == lsatron last slit, 8
c 

= collector slit, g = d.isplace-

rnent of ne,,} center, C * from normal center, C ; 9 = angle of travel of parent 
I' 0 

ion, Mo' in trajectory of radius R before transihon; cp == deflection of ion 
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beam M + from perpendicular at slit 8
2

, Construction shown is for deflections 
o 

of cp toward the magnet center. 

Fig. 9. Field of collectable orbits for the autoionizaUon(Ar~* --~ A~'++ + e 

as a functj on of the angle cp of emergence of(Ar+Y* through slit 8
2 

and the 

+ angle e of travel on the Ar orbit before transihon. Upper solid line is 

the outer cutoff by the analyzer tube, lower solid line the inner cu.toffby 

* the analyzer tube. Dotted Lines are isobars of apparent mass, (M/q) , of 

. (A~ ++) the daughter 1-LL ions. cp-positive is for deflectj.ons tOlvard magnet center, 

cp-negative i;.; for deflections away from magnet center. 

Fig. 10. ]\1;."an apparent mass (solid Ij.ne) and maximum distance of travel before 

.x
diiosociation (dashed line) for the autoioni.zation of(Ar+) ++. 

to Ar as a 
1(-

function of q), the angle of emergence of (Ar +) through the Isatron last slit. 
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Inlet. Pressure in Microns 
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Ionizing Voltage (uncorrected) (upper curves) 
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