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ABSTRACT |

The (M/q)* =10 peak in the mass spectrum of argon observed at jonizing
electron enérgieS»of 40 to 120 eV (uncorr.), is éhown.td consist of approximately
equal contfibutions from: 1) surface-induced trénsifions'of an éxCited Ar+‘ion
to Ar++ at the last ion-source slit, and 2) an autoionization of an excited Ar+
ion after the.last ion-source slit. By use of anauxiliary slit beyond the
last normal ilon-source slit; these two processes were separable, and it is
shown that the excited state undergoing surface-induced transitions is a dif-
ferent state than thaf 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 ekistenceﬂbf autoionizing states of net and Ar++ was also

confirmed.
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- INTRODUCTION
Tn a recent paperl‘we confirmed the existence of highly ekci£ed sfates
~of noble gas ions and showed that they undergo transition to the‘next higher
éharge state near a metai surface.‘ Excited states of Ar+ were shown, in a.
Dempster type mass spectrometer, to undergo the‘transition:

¥* -
+> Surface > Ar++ L e , (l)

(Ar
at the Isatron ion-source first slit, Sl’ focus slit, SF’ and last slit, SE'
Thé assignment of the mass peak in argon which appears at an apbarent mass
(M/q)* = 10 to the surface-induced transition at the last ion»source‘SIit was,
. however, open to question, as Daly2 has proposed the (M/q) = ;d peak%in argon
to be dueﬁto autoionization of an excited afgon ion after the last ion-source

glit of his mass spectrometer:

* 3 A . - -
(Arf) ?utomon14at1on > Aartt 4 e . &)

. 1 '
The experiments previously described  did not allow one to distinguish
¥
.whether the (M/q) = 10 peak in argon arose by mechanism (1) or (2) or a combina-

. _ *
tion of both. Previous work by McGowan and Kerwiri5 indicated the (M/q) = 10

. : o £ S . s . . . . p
peak 1n argon to arise from a collision-induced transition in the gas phase:

= % . ' , . _
()" e Ar ——> ArT 4 Ar : | ().

@
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Kupriyanov and Latypov found this peak in argon to arise both from a gas phase
collisién-induced process and. a surface-induced transition at the last slit.
Daly,2 however, showed that, in his apparatus, the (M/q)* = 10 peak of Ar was
linear with ion-source pressure indicating the occurrence of either reaction (1)
or (2). He obtained a half life of 0.8 x 10-6 sec for the process and concluded
that it was one of auto-ionization.

Tn the present work, we show the (M/q)* = 10 peak of argon, as observed
with our apparatusz to be composed of two components of appréximately equal
intensity. One is due to. a surface-induced transition at.the last siit in the
ion source and the other is due to agtoionizatiqn. We are also able to show

that these two componentsvarise from different excited states of ArT.

EXPERIMENTAT, METHOD

The work described here was performed on a Dempster type mass spectrometer
(Comsolidated Electrodynamics Corpdration’Model 21-10%3B). Most of the modifica-
tions‘have.been’desq?ibed previously,l but some further modifications were neces-
sary Tor fhe present investigation. The Isatron.ion—source wés modified by the
addition of slit 85 as shown in Fig. 1. The previously grounded last’siit, 82,
was insulated from ground with alundum insulators. Slit 85 vag added using alun-
dgm spacers énd insulators and was grounded. A separate lead_wasaﬁﬁchedto”slitfsg,
' énd.this cQﬁid be connected to ground or any one of a number of letage points

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

In this way various voltagés could be appliéd to S, up to a vdltgge of 0.069 V,,

-
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and these voltages were eaéh proportional to the acce;erating voltage, VA.

Higher voltages than 0.069 VA céuld be - applied to slit Sg,,but small additional
steps were attainable only by modifyingvthe'resistor>chain. Since 0,069 VA”gavev
)*

adequate separation of the péaks at (M/q = 10 and there is considerable loss

in intensity of all peaks with increasing Vq , further increases were deemed
. . 2 : :

‘unnecessary. Three modifications of slit S5 were used. 1) a slit 0.76 mm

wide in a plate of 0.76 mm thickness, 2) the same slit increased in width to
l.O'mm, and 5) a slit 1.5 mm wide ih a plate of thickness 0.76 mm with the slit

opening covered on the side facing slit 82 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»Q;S megohm 10-turn potentiometer which could be

inserted by a switch intb,any 0.5 megohm section of a tota1 resistor string of -

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

Scanning with the inner focus voltage was accomplished by using a motér driVe on

‘the 10-turn potentiometer.

The detector sensitivity was increased by about a factor of 40, (to approx-
-1 o ' . -~
imately 10. 2 A per chart division) with a gain in signal-to-noise ratio of -about
20, by substituting a Loenco (Loe Ergineering Co.) Model 21B electrometer for the

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

 recorder were used with this amplifier. Considerable increase of time constant

in the recording system résulted from this change; thereforé, the écanhing speed
was reduced by a factor of about 60 by use of a 2 X 107 ohm resistor in the voltage
scanning circuit. At this scanning speed, peaks were récorded_ﬁith intensities

greater than 95% of their steady state intensities.
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Owing to the slow rate of data collection using this amplifier, in order
to keep a constant pressure in the apparatus, a 50 liter inlet Vblume was

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

 EXPERIMENTAT, RESULTS
Whén a potential is applied to slit S, an Ar"" ion from Eq. (1) will

1
appear at an apparent mass given by :

. MV vy I '
(/)" L — 2L 22 , T
% (Vi + Vé) ' :

ﬁhere q, and V, are respectively the charge and accelerating potential of the

1
ioﬁ before the transition, and 9z and V2 are the charge and accelerating poten-
tial of the ion after the transition. In Fig. 2 are shown the mass peak profiles
in the region of (M/q) = 10 as observed under various conditions of 82 and S5°
In Fig. 2A, where vg'~: 0.058 v, and 5
apparent: one at (M/q) = 10.00, one at (M/g) = 10.10, and one at (M/q) = 10.58,

is the gold screen, three peaks are

plus a marked signal in the region between the 10.10 and 10.58 peaks. In Fig. 2B,

where S5 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. When S2 is grounded (Fig. 2C) - ‘
valilfhésé are'éonsoiidafed into ac single peak of (M/q)* = 10.02. All peak masses ' :

were meésured at the peak-maximum with a pfecision'of +0.01 amu7ﬁith respect to

the mass scale calibrated at Ar+++ = 135.33.




. increase Vbeing linear with V,
[w]
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In Fig. 3, the mass positions of these peaks ére shown as a function of
the voltagg on sl?t S2; The dpen circies are for an open siit at 85; the positién
of the'shoulder,on the residual peak near_(M/q)* = 10 4s not shown. HKach point
is the averége of & to 6 measurementé which differed in vélue by lesé than

+ 0.01 mass units. The solid points were meésured with the gold screen at 83.

The solid lines A and C are caiculated from Eg. (4), for surface-induced transi-

tions at slits 52 and S, respectively. The intermediate points on dashed curve

5

B for the second peak in Fig. 2A show this peak to increase in apparent mass

= 0, t0 10.12 at V_ = 0.069 V,, the

from 10.02 (sum of all peaks) at V.,
' 2 2

5

. 2 : v ‘
A self-consistent interpretation of this data can be made if.it is assumed

that both processes (1) and (2) contribute. 1In Fig. 2A, with 85 the gold
‘ . : * . - . :
screen, the peaks at (M/q) = 10.00 and 10.58 are due to surface-induced transi-
: . o N ' -
tions at slits S5 and 8, respectively, the peak at (M/q) = 10.10 is due to

: . ; * .
autolonization after glit S and the signal observed between (M/q) .= 10.10 and

3)

10.53 is due to autoionization in the space between 82 and 85.' The behavior of

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

o2
shown in Fig. 5, proves that this peak arises at slit Sg, while the lack of such
an effect in the (M/q)*.: l0.00.peak and the drastié reduction in its intenéity
when S2 is changed to an open slit show thié latﬁér.peak'fo arise at 83.

The movement in mass poéitidn of the (M/q)* = 10.10 peék in Fig. 2A and 2B with
V:‘ | |

s,

tion after acceleration;in7a Dempster‘type'instrument and is-discussed later in

can be-qgalitatively understood on the basis of the ion optics of autoioniza-

this paper.
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In Fig. 4, the effect of pressure on the peaks of Fig.'EB ana 2C are
shown. The peak intensities are essenﬁiallyvlinear with pressure and also with
eléétron'current from 5 to 80 pA; hence they afise from first order. or pseudd4_
first order mechanisms. The observed abundarnces are criticélly dependent bh
the focusing characteristics and space charge densities in the ion—soﬁrce, so
for each measurement it was necessary to readjust the inner focus potential for
ma.ximum signal at the collector. |

The focus conditions of these respective peaks is-especially illumigating.
First, because the magnetic fieldj;nd the accelerating #oltage,V’,are set toAcol—
lect (M/q)% = iO when its production depends upon M/q = 40 being focused at Sy
the ratio of inner to outer focus‘voltage is-Quite différent than if .

H and VA were set to collect M/q = UG, This situation arises begause,
in avDempéter_typevinstrument,:the ion-source is in the magnetic field>ahdﬂfhus: o
acts as d masé spectrometer of low resolution.

Under normal conditions of‘operétion with S2 groanded; and the potentials
on the focus slit adjusted fpr maximum peak intensity and minimum beam widthv
at the Qollectér, the focal point of thé lens system Sl—SF-S2 is at slit‘Sé.

When Sé is 0peratedhatva potential above grbundeith nd change in VF, the debreése'
in field gradient between SF and 52 incrgases'the focal length of the lens system
and the focal point is beyond Sg. At g given voltage on SE however, thé poten—.
tial on SF can be chénged to again make the focal point of the lens system at

.Sg. .In Fig. 5, with VS2 = 0.069 VA, are shqwn super imposed traciﬁgs of thé inﬁeh—
sity profiles §f the (M/q)* = 10.12 peak (dashed line) and the--.(M/q)* = 10.69 beak

(solid line) obtained by scanning the ion beam across slit Sé.with the inner focus
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voltage for four separate values of the outer focus voltage. With a high field

gradient between S, and S, where the focal point is well beyond 8., (curve A)

1 F 2’

the two profiles are similar but With a distinct bread maximum in the'center of -
the'M/q = 10.69 peak profile. At a lower field gradient5'(curve B), the maximum -
vin the center of the i0.69 peak profileb is quite shﬁrp while the 10.12 peak
profile is symmetrical. At stiil lower field gradients? (curvee C and D), the
10.69 peak is split into two sections and the 10.12 peak is cenﬁered over the’
minimum between the two.  These curves conclusively prove that the peak at_ R
(M/q)* = 10.69 arises from'the Ar" ion beam strikingbthe s1lit edges Of 82’

x . .
while the peak at (M/q) = 10.12 arises from Ar' passing through slit 8,. In

. - 4 . . ' ' . : ' '
I'ig. 5D, the Ar beam is well focused at S, and has a beamwidth at narrower

(&
2 : . u)g .
than the slit. Thus as the Ar' beam is scanned across the slit,the (M/q) =10.69 peak
intensity rises as the beam impinges on the first slit edge, reaches a makimum;
as it crosses this slit edge, then decreases to a minimum when essentially all

of the beam is passing through the slit. As ‘the bedm crosses the Otherfslit'edge,

the peak intensity rises to another maximum. The (M/q =10.12 peax 1nten51ty hab a

‘single-maximum when the beam is focusad 1in the center of'the slit. In Flg 6

: % :
are shown the M/q = 10 peaks when soanned under the outer focus eondntzons

of Fig. 5D. In Tig. 6A the inner focus is at the meximum of the 10. 09 peak,.

in Fig. 6B the inner focus is at the minimum for the 10.69 peak and. the maximum
for the 10.12 peak. Thls illustrates the dependence of the peak intensities on
very small changes of TOﬂu% condltjons and also facilitates dt least a partlal
seﬁaration of the peaksvproduced by the two mechaniems.

In Fig. 6A and 6B;Nthe ratio’of the:intensity>of thersﬁOulder on the 10}12

peak to its maximum peak height is constanfias is the raticd of the rise between.
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the peaks | (measuredrby the extrapolated rise at M/q = 30.69) to the
maximum height of the 10.12 peak. Both these features are thus related to the
beam intensity paseing through SQ. We ascribe boch to the'autoionization
process.
Ienization efficiency curves of chese peaks have been obtained under various

conditions of focus, with S, the gold screen, and with S the open slit. Typical

3 5

examples are shown in Fig. 7 for which the focus conditions were near those of

Fig. 5B, i.e., a maximum for both the 10.10 and lO 58 peaks (Vy = 0,058 VA)

52

at the same inner focus settlng. Sllt»S5 was, the gold screen. In Fig. 7 are
plotted the 1onqzatjon efflcwency curveo for the 10.00, 10.10 and 10. 58 peaks
w1th no correction for cross contrnbutaons to these respectlve peaks. The curves
have beea nofmaleed to the peak maximum which occurs at an electron energy of”
57.5 eV’(uncorr ). The curves for the 10.00 and 10. 58 peaks are seen to Dbe
essentially identical, and_dlffer markedlyrfrom the curve for the 10.10 peak.
Both eets of curves show a maximum at 57.5 eV (uncorr) but the maximum of the
ld.ld beak is sharper and this curve falls fo much faster at higher electron
energies. -In addition,_at lower electron energies, the curve for the 10.10
peak crcasesvover the curve of the other two peaks and extrapolafes to a higher
appearance potential. Values from s;x different sets of curves under various
conditions of Tfocus, pressure, and ion accelerating voltage ail_show the (M/q)*
= 10.10 peak to have an appearance pctenfial 0.3 to 0.7 év higher thac that of
the (M/q # 10.00 and 10.58 peaks. We therefore estimate the difference in
appearance potential of . the states conﬁribuﬁing to>these two prccesses.as 0:5

t 0.2 eV,




in Fig. 7, it must be realiized that there is & contritution from the
10,10 peak to the 10.00 pes¥ and = contribution from-the rise between the reaks

to the 10.58 peak. We have no means of estimating whether cr not the 10.00 -
tributes to the 10.10 peekx intensity. These cross contributions will
lower the high electron energy portions of the ionization efficiency curves
Tor ths '10.00 and 10.58 peaks. When the 10.58 peak is plotted as twc separate
: . ' L
compongnts, i.e., the‘extrapolated rise between the'peaks as measured at (M/q)
= 10.58 and the reoldual peak above this rlse, then at high electron energies
‘the curve for the 1 Pbidual 10. 58 peak 1s raised, while the curve for the
extrapolated rise is identical, within experimental error, with that of the
* o

(M/q) = 10.10 peak.

Whe curve for the N/q lO i0 pfak is blmlla“ to that given by Daly
: for,hisf(M/q) = 10 peak which was agcrlbed to aut01onlzatlon of an_excited

+ TR : o,

state of Ar . We conclude that the (M/q) = 10.10 peak is the result of an
autoionization process. We furthier conclude that the 10.00 anrd 10.53 peaks
arise from surface-induced transitions at S3 (gold screen) and slit 82 respec-
) LI - '. ) 'v ’ y . . 3 ~ ‘ : + ‘ » . )
‘tlveiy and. that the excited state (or states) of Ar undergoing surface-induced
tra nsltlhns is different Irom the excited state undergoirig autcionization.

We have not made detailed studies on nthu‘ noble Da es and hwéhrl charged

o

: : . . : ’ * % P

tates of argon, but have qualitatively looked at (He+) y (Ne+) R (Ar+¥) in
regard to surface-induced transitions at-82 and S5 PompulPd to autolonizations.
Inthelium no peak at (M/q) = 1 was observed at the highest sensitivity

and at high pressares. Tnasmuch as the transition:
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0

(He+)* ~f—liﬂ€>b He' © 4+ e ‘ (

\J
~—

at the focus slit was seen previously,l it is expected that suffacefinduced tran-
sitions at S2 and 85 should occur. However an autoionizing state is manifestly

) b * . » - .
impossible in a one-electron atomic system. In (Arv , the maximum ratio of the

*
)

intensity of (M/q = 10 to the intensity of the surface-induced peak at SF was

: : : : *
about 1:40. As has been shown in the present work, only about half thev(M/q) =10
peak was surface-induced, so the ratio of conversion at slits S2 and SF respecév
tively was actually about 1:30. Hence, Jjudging from the intensities of the‘He+

no peak should be observable

+ . ‘s 1
and Ne surface-induced transition peaks at SF,

for the transition at S, or 85 even at the highest sensitivity used. Therefore

2

' *
the absence of an observable (M/q) = 1 peak in He is most likely due to a
lack of sufficient sénsitivity in the detection system..

. % v _
In Ne+, an (M/q) =5 peak 1s observed at high pressures. WithVé
applied, the peak is seen to be essentially all due to an autoionization process

. _ ¥
and between S, and S;, since it resembles that of (ar")” when

5. 5’

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

occurring after S

< S
tion was found for the (M/q) = 8.9 peak from (Ar ') . Here again only the anto-
ionization peak was seen but the aforementioned intensity considerations suggest

that the yield from surface-induced transitions at S, or S, will also be too low

2 P

to observe with the present apparatus.

Invkrypton and xenon, the multiplicity of isotopes makes it impossible

to achieve a separatiohvfér any one isotope'Qf the Sé and 85 surface-induced



-11- ' ‘ ' UCRL- 17546

and autoionization peaks without overlapping the set of peaks from another
isotope. With mono-isotopic Kr and Xe this method should separate the components

arising from the two mechanisms.

DISCUSSION

The results presented here sho@ that with the apparatus used in this
inve;tigation, the‘(M/q)* = 10 peak of argon observed at ioniziné electrénxener—
gles of.hO to 120 ev‘is‘ﬁhe»result of' the sum of two processes. The first.process.
is the surface-induced transition of (ar")" to Ar™ at the last slit of the ion
source, Eg. (1). Second is a transition which satisfies all ériteria'for an
autoidnizatiom and we agree'with_Daly that.this is an autoilonizing process.
Furthef, ﬁe conéiude that these two'transitions océuf from different excited
states,of the argon ion, thg éutoionizihg state having an‘appearancé potential
0.5 £ 0.2 eV higher than that of the state undefgoing surface—inducéd transitions.

For autoioniiationvto occur, the total energy of excitation of Ar+'mus£
be greéter than the ionization potential of Ar+; i.e.;.tﬁe eﬁcited state must
1lie above the ground state of Ar++. Such.a state could be one in which‘two.of
the five remainingvip duter electrons ih,Ar+ are each excited to higher levels,
the total energy of the excitation being greater than the ionization.potential
of.Af+. A second possibility is the excitation of an inner 3s electroﬁ to a
higher state, and when the return transition occurs,  ionization oécurs by an
Augér process. in the‘absence of data cn the energy levels of the inner elecé

trons in Ar , a specific-assignment does not appear feasible at: present.
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From the shapes of the iconization efficiency curves, toth have the
eppearaence of resonance processes but the slover falloff with increasing elée-
~trongénergy‘beyond the maximum at 57.5 eV of the surface-induced peak intensity:

ts that the excitation bandwidth of the states undergoing sur

trznsitions is greater than the bandwidth of those undergoing autoicnization.

82 A

R
ization.of_(Ark) to yield Attt in the free space beyond slit 85’ then the in-

. * .
If the (M/q) =.10.12 pk at Vo = 0.069 V, is to be ascribed toc autoion-

crease in apparent mass of this peak with increasing VS must be explained.
5 . 6 Sy . | | . ~2 4 u
Coggeshall”™ and Newton  have given following the equation for the apparent

radius (related tc apparent mass) of the product ion of a metastable transition

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

Dempster type mass spectrometer:
. L . ¥
r*'_v(Rfr) + r2 --R(2r-R) Cos 9 (6)
s R + (2r-R) Cos O : ? :

where R 1is the radius of the parent ion under the conditions of VA dnd H for
collecting the daughter ion, r is the radius of normal ion trajectory, and 6 the
angle through which the parent ion travels in its trajectory of radius R Thefore

the transition.

e . ¥
For the autoionization of (Ar' ) ,
B . To. . .
(Ar+) —> Aar't e s o : . (7).

- * ' % R .
if (14/q) = 10 is to be collected, then R, the radius of (Ar*)  will be equal
to 2r. Therefore in Eq. (6) the coefficients of cos @ are Zero (2r = R) and .

will always“beaegual to r. Hence there is no change in apparent mass with distance

beyond the ion source at which the transition occurs.
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However, Eq. (6) was’derivéd‘on the implicit assumptionvthat the.pareﬁt,
ion eméfges from the ion source in a trajectory nbrmal to the plane of the last
' slit. Ir however, the pareﬁt ibn‘emerges from the last sliflat an angle ¢ with
resééct to the normai, then the situation is more-cbmplica&éd and Eq{'(6) no -
longer adequately describés thevsitgation. Figure 8 sh&ws‘the_schematic |
representation of”the'metastable ion trajectbriés for’the.céée in vhich ¢ is

*

toward the magnet center. Under these conditions the equatlon for r , the

apparent radlub at which the daughter ion is coJlected and g, the dlsplacement

of the new center from the normal center C are given byvthe equat10ns7:
_ o 2 2 g L o
,F_ B +er -RCos @+ 2Rr Cos (6+¢) - 2Rr Cos ¢ (@)
- B R + 2r Cos (6+¢). - R Cos 6 '
*2 2 2 |
(R-r' )"+ RT + r - 2 Rr Cos ¢ - 2r(R -r )Coa(9+¢)

<
i

- 2R(R-r )Cos 0 _(9>'

When ¢ - 0, these equations.become identicalbwith Eq. (6). “When’ ¢ is
avay from the magnet cenper_(designated as ¢ = negative in Figs. 9_and 10),1£he
sémevéquations apply except that where (¢p+0) occurs in‘Eqs.“(8) and (9), one
substitutes |6-9|. | "

As ﬁreviously shbwn, 5’6v peak.cuﬁoff dcéursiwhen:, i) f% + g is_equal
to the outer radiusvof the'ahalyéér tube, i;e., ﬁhe outer cﬁtoff and 2) r* - g
is equal to- the inner radzus of - the analyzer tube, the 1nner Lutoff | |

In Flg. 9, the: fle]d of collectable orblts for the aut01onlzatlon of

+* ' '
(Ar)_ to Ar as a functlon of ¢ and 6 is- plotted The upper‘and lower solid lines
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repfesent the outer'énd inner tube cutoffs reépectively. The dashed lines are
isobars of the labeled apparent masses. An absolute cutoff of this whole field
- occurs aﬁ about ¢ = lS?where the (Af+)% ion strikes the inner surface of the
énalyzer tube. The angle € through which orbits are collectable is directly
related to the distance of travel over which dissociation can occur, i.e., .
related to'thé time available for dissociation; hence the intensity of the result-
ing peak. 1In the region of ¢ = O,‘the peak is centered around (M/q)*‘= 10;00, and
with fhe-normal +2° gpread in angle of emergence from slit Sé, tﬁe limitéxéféﬂfromi
9.95 to 10.05. As the spread in ¢ increases, those deviations away from the ma.g-
net center (¢ designated as negative) have oniyva small range of.G of collectable
orbits and therefore coﬁtribute less to fhe preak intensity than do déviatiohs
toward the magnet center (¢ designated as positife) where the fange of 6 gf?col—
lectable orbits is larger. As ¢ increases more orbits of apparent mass greater
than 10.00 are collected and the integrated apparent mass increases. 1In Fig. 10,
is.shbwn the distance traveled in collectable orbits (dashed line) and the average
apparent mass of these orbits as a_function of ¢. It is seen that in order for
the average apparent mass to be 10.1, the angle of deviation musf be about 6°.
toward the magnet center.

"~ Such deviations in ¢ can occur beéause: 1) the trajectory ofv(Ar+)*
Y undér.coﬁditions when VA and H are set to focus M/g = 10 at the

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

through S

R
(ar™) beam has been forced through S, (when normally (M/q) = 10 should be
foéuséd through 82) by changing the relative potentials on the inner and outer
Eris above ground potential, the Sy - SBislit system

focus plates; 2) when 'S
becomes a slightly diveréént lens. The-iph optics of this syStéﬁ



‘a spread of less than 2 or'5°.deflectinn from a normal trajectory.
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(in combination with the 8,855, lens system) is complicated and has not been

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

proportlonal to both the vo]tage gradient between 82 and S5 and the 1n1t3al
angle of divergence through SQ;
focal point of the 5,-5 S lens syStem_change with V

Both the gradient between 82 and 83 and- the
_ 1 F 72 | | 82
One may thus,qualitatively understand the peak distribution in IMig. 2.

In Fig. 2A the urface 1nduced trans 1t10ns at S, giving the lO OO peak all

>

' occur .near 9 = 0 (actually 8 = 0. h?' of arc from 5, ) and Fig. 9 shows that such

tranbltlonb wnll all glve apparent masses between 9.95 and lO 00 (curve C of Flg

3). The surface- 1nduced trans1tlons at S, M/q) = 10. 58 in Fig. 2A also occur

“with @ = O by dellnLtlon of 8, and hence appear at the mass caloulated irom Eq

The'peak.due to»autoionization will,however,be displaced at high V, wvalues owing

Sy

to the increased contribution of AT ons arising at higher ¢ and 6 values

which corfespond to'greater apparent, masses.,-In Iig. 2B, the shoulder probably

arises from those ions emerging normally from S2 and hence are not apprecxably

and S,. The peak at V,

deflected by the field between S
. 2 3° 52

=0 in Flg. 2C,with

an apparent mass of 10.02, indicates that most of the beam through S. is within

2

{.
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* ' ] ' : -
r considered in the present work, this correction is negligible.




-17- UCRL-17546

Figure Captions
Fig. 1. Modified Isatron ion source. R = repellers, normally run at ~1.01 VA;

Sl = ion source first slit, run at V,; SF = ion-source focus slits, normally

run at ~0.92 VA; S. = ion-source last slit, normally grounded but now insu-

2
lated from ground and run at Vg ; S5 = added slit, run at ground potential.
(=)
) : :

*
) 10 peaks in argon using modified Isatron ion

i

Fig. 2. Peak profiles of (M/q

source.
1

4) Slit S, = gold screen, V, = 0.058 V
5 S, A
Slit 8, = 1.0 1iA = 0.0%8
B) Sli bj 1.0 mm slit, Vég 5 VA
1) it g = 1.0 nm sli - 0
¢y 5lit 55 1.0 mm slit, VSE :

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

- Peak intensities are on an arbitrary scale.
, )*

Fig. 3. Shift in apparent mass of (M/q = 10 peaks in argon with potential on

slit 3 Solid lines of curves A and C are calculated for surface-induced

x
transitions at slits 3, and 85 respectively.
" < . .
open cireles - slit S, = 0.76 mm slit

' 2
solid points - slit S, = gold screen
B . -~

‘. : *
¥ig. 4. Linearity with pressure of" the (M/q) = 10 peaks in the mass spectrum of

argon. The intensity of Ar' ' is used as the comparison standard. The ratio
. L
of ion source pressure to inlet system pressure = 8.6x10 .
*
A) (M/g)” = 10.00 , V, =0

. 2
B) (M/a) 5
o 2
¢) (M/q) = 10.20 , V., = 0.0213 V
S5 A

: ( T *
Fig. 5. Variation in peak intensities of the autoionizing (Ar{) peak ((M/q)

93!

10,04, v

il

.0 Y
0.0213 XA

. _ .
= 10.12) dashed curves and the S, surface-induced transition peak ((M/q)

2

. - : + ,
= LO.69) solid curves, as observed when the Ar 1is scanned across sllt,Sé
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- Fig.
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by varying the inner focus potential at various designated values of the

outer focus potential (OfF.).

Conditions: Vo = 0.069 V,, Inlet pressure = 1000p," T _ = 75 pA.
2 e
Vv = 57.5 eV, MV = 7540, S, = 1.0 mm slit.

5
e , %
6. Peak profiles of the (M/q) = 10 peaks in argon at high outer focus
voltage (Fig. 4D, O.F. =-0.952 VA).'

A) Tnner focus set at the first maximm of the slit S, surface-induced peak.

2

B) Inner focus set at the center minimum of the slit S2 surface-~induced

peak and the maximum of the peak due to autoionization.

Conditions: TInlet pressure = 1000u, V _ = 57.5 eV, I _ = 75 pA, VS = 0.069
. e e _ 2
Vo MV.= 7540, 35 = 1.0 mm slit.

*
7. Tlonization efficiency curves for various components of the (M/q) = 10
peak in argon. Open circles, (M/q) = 10.00 peak from surface-induced transi-

*
tions at slit S5gvsolid circles (M/q) = 10.58 peak from surface-induced
* ' :
transitions at slit S; and triangles, (M/q) = 10.10 peak from autoioniza-
o : v
tion of(Arwv beyond slit 85-

3'; gold screen, VSE =‘0.058 Vo

MV = 7540, inlet pressure = lOOOp, I =75 pA, repellers = 1.011 VA'

Conditions:  Slit S

*
8. Schematic construction for deriving r and g as a function of R, r, G,

and ¢.
* : : -
R = radius of parent ion; r = apparent radius of daunghter ion; r = normal

radius of ions, 82 = Isatron last sliit, SC = collector slit,rg = displace-
ment of new center, C , from normal center, CO; g = angle of travel of parent
b

ion, MO, in trajectory of radius R before transition; ¢ = deflection of ion
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heam M from perpendicular at slit S Construction shown is for deflections
0 ] ;

. 2 '
of ¢ toward the magnet center.

9. Field of collectable crbits for the autoionization(Ar‘*)yr *-—;>A?++ e
as & function of the angle ¢ of emergence of(Arfﬁ through slit 52 and the
angle 6 of travel on theAr+ orbit_before transition. Upper solid line is
the outer cutoeff by the analyief'tube, lower solid Line the inner cutoff by

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

the daughter (Ar++) ions. ¢-positive is for deflections toward magnet center,

‘p-negative iz for deflections away from magnet center.

Tig.

10. Mean apparent mass (s0lid line) and maximum distance of travel before
\ s i e 74 o . . * I
dissociation (dashed line) for the autoionization of(AfW to Ar - as a

*
function of ¢, the angle of emergence of(Arv through the Isatron last slit.
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- Inlet Pressure in Microns -
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or

implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation,\apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.








