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PREVTACE

In Chaplter I a brief summery of the work done to date on the mass
spectroneter under construction at Oklshome A. and M. College is glven.
The electron gun used for producing ions ils described in Chepler II and
some values for the ion currents obdeined are glven. In Chapter III
the means used for admitting gas samples to the ionization chamber is
degeribed, and in Chapter IV some of the Aiffieuliies encountered in
attempting tc make the unit function when ebtached to the mogs sgpectrometer
are described. Some suggesiions as to the couse for the failure of the unid
to operate when attached to the spectrometer and possible remedies are
given in Chapler V.

The aurthor isg greatly indsblied to Dry. Frawvk M. Durbin for his
generous assictance and edvice throughout the experimental work and the

writing of this thesiz.
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CHAPTZX

INTRODUCTION

In 1948 Trunesn Vrenlklin storted the construction of a Nier type
ness spactvoneder. Sinco that 40 o work has been done on the vacuunm
syoten, coated filaments, the daiw' lon and neasurement of small
currents, suitable filements for use in an electron gun, and operating
procedure., The next step in the development of the spsetrometer was

the replacenment of the coated filoment ag o sowrce of lons by an electron
gun and gas inlet system. The carvying out of this step was the author's

o
wask.



CHAPTER II
THE ELECTRON GUN

At first the electron gun was mounted in a glass envelope containing
two metal sheets spaced 9 millimeters apart with slits and a metal plate
located 13 millimeters below the last sheet containing a slit. The
first slit corresponded to the defining slit in the spectrwaeter head,
the second one to the slit at the entrance to the spectrometer tube,
and the plate to the slit at the collecting end of the spectrometer tube.
Figure 1 shows the electrical arrangement of the apparatus. The micro-
ammeter D measures the electrom current flowing between the filament
and the plate; this cwrrent is called the emission current. The wire
leading from the slits and plate C to the amplifier was shielded. This
was also true for the side of the ionization chember toward the operator.

The preliminary tests of this arrangement were run with the slits
A and B, and plate C connected together and with no gas in the systenm
other than the air left by the pumps. With this arrangement it wes possible
4o obtain an ion current. When the heater of the diffusion pump was dis-
connected, the variation in pressure was so rapid that it was impossible
to assign a given ion current to a given pressure. Hence it was not
possible at that time to find the variation of ion cwrrent with pressure.

After readings had been obtained with all three elements connected
to the amplifier, slit A was connected to ground and the remaining elements
left connected to the amplifier. Then slits A and B were connected to
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sround with only plate C commecled to the somplifier. The data listed in
Tabkle I show that the lon current was sufficiently lorge to he delected
by the use of the amplifier and a golvencueter at hand. The sensitivity
setting of the amplifier was 2. The full sensitivity of the amplifier,

ter edenty I 12 , e . ‘o
approximately 4 X 10 anperes pey millimeter, ies obbzined when the
sengitivity is set at 14,

As it was poseible to obtaln rowldings with plate C alone connected
to the anplifier, the wiring srvengement wes nodified somewbat in order
that the ions night be accelerated by a poléuntial independent of the emisg-
sion current and the opsrating conditions of the mass spectrometer nmore
closely approximsied. The ground was removed from the positive ferminal
of the ammeter measwring the filament current snd only plete C connected
to the amplifier. Skit B was grounded ond commected to the negative

terningl of & 90-volt batiery vhoge positive terminal wes connected to

slit 4., 4 3-volt baltery was ploced belween slit A and the plote (negotive
terminal to slit A). Teble II shous some of the values obtained. The
readings given in column 4 were taken with the anplifier sensitivity set

& the seme value as thet for the reedings in lable I; however, it must
be renewbered that the pressure in the lonization chamber was nol
necegsarily the same for a2ll deta. The dsba shown in parts B, €, D, and
E of Table II were taken with the seme setiing of the anplifier sensi~

tivity (6). Agein the deba show that the ion cwrrewt ls suif

large to be ecaily detected by the use of the saplifier and galvenometer.



Table 1. Ion Currents in Residusl Gases

Fart A
(A, B, and C connected to amplifier)

Galvanometer Deflection Emission Cuwrrent
in Centimeters in Microanmperes

5.6 0.9

12,0 1.0

17.8 p I

Pert B
(A connected to ground, and B and C to amplifier)

Galvanometer Deflection Enigssion Current
in Centimeters in Microamperes

0.4 1.2

1.2 3e2

23 5.6

3.1 7.9

40 10.5

49 13.7

5¢5 15.5

Part C
(A and B comnected to ground, and C to amplifier)

Galvanometer Deflection Emission Current
in Centimeters in Microamperes

0.3 1.0

006 2'3

1...4 4.9

1.9 6.8

2.6 9.2

346 13.5

3'8 ]4.0

42 1545




Table 2, Ion Cwrrents in Residual Gases with
Increased Accelerating Potentials

Galvanometer Galvanometer
Deflection in Emigsion in Deflection Enigsion in
Centimeters Microamperes Centime icroamperes

A B

042 1.3 0.7 1.0

0.7 3.8 2.1 40

1.1 6.0 306 3-5

1.3 8e4 el 10,0

1.8 12.3 448 11.3

2.0 12.5 50 12,0

203 1500 4.9 11.5

2els 154 7.8 15,2

2.5 15.9 6.5 12,1

2.6 16.0 0.3 1.9
c D

1.8 101 1.5 1.6

1.9 3.0 2.6 3.0

1.9 2.8 3¢3 4«0

2¢3 40 349 540

2.6 5.1 4.6 6.0

3.0 6.1 612 7.2

3ed Tl 7.1 840

4.6 901 802 9.0

9.0 10.0
7.9 8.0

E

1.9 1.9

333 3‘1

Lol Lol

50 5e1

506 6.0

6.6 72

7.0 709

8.2 9.2

8.8 10.0

9.0 10,0

9.0 27




CHAPTER III

d

THE GAS INLET SYSTEM

The developaent of the pas inlel systen way easily be divided
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two phases. One deals with the construction of the lsak itself and the
other with the congtruetion of z conteining vessel go nede that only the
gag which isg %o be anolysed ngy enber the lsak. It will be seen later

that both of these phases are closely reloted in thiet they both affect

o

the rate alb which the pes enters the ionizztion chamber,

&

There are verious kinds of gss lesks that nay be used. In general,

£

these fall into two classes: (1) those whese size of opening is fixed,

and (2) those whose sise of opening is verisbtle. The lHopfield Jeakt

953

. lezl: nade of copper tublng wrepped arownd o mevablie druw cre

§¥]

B

o

exanples of the latier type. The capillary leck and the gold foil leak

ure exemples of the fimwed lesls, With a gold foil leal there is the

ot

k

danger bthel the foll moy rupliwe and let the pressure rise alruptly %o

Awg

viicity the capillery lesk was chosen. A hole

wag drilled in the Lrass top plate of the electron mun and a isopered glass

%

L wglogs Variable Mierolesks for Geses »" Beview of Sclenbific Instru-
ments, XXI (1550), 671,

2 B, 0. Wier, B, P, Toy, and M. G, Inghan; "sdiuctable Gas Tealk,”

Review of Seieuntific Instruments, AVIII (1947) , 191,




tube led through the brass hop plote ond dovm to and throush a hole in

would work and also since there uvere no nesnp recdily avallable for

measvring the sizme of the capillories, it was necessary Lo sesl the
epilleories (with the smoll end closed), one at a time, outo the gla

tube leading into the iloniszation chamber and bresk off the closged end

while wotching the pressure gouges.

ihen the end of the first capillery was broken off, the pressure

roge ropidly to well over 100 microns. UWhen the second capillary was
roken offy the mwesgsure started rising at the rote of about one micron
gvery one or two sscondas. This ralbe of leak was too rapid and hence the
capillary wes vemoved and o third one sealed on. With the thixd cepillery
the pressure rose fron sporoxisotely 1.4 X 3_0"'1‘“ to 1.7 X 1@"4’ millimeters
of merciwy. Suell pleces were rokew off this capillery uctll less than
one-hali of the crigingd remsined, ot which time the prosswre was 3.4 X 19«4
aillineters. The capillary was subjected to slnospheric mressure vhen this

-

value was obtalned.

In an icle by Hier in the 1940 volume of the Review of Helentific

Ingtrunenis {page 212) the velue 107 4 willineters is given os the estimated

value of the pregsure in the ilomizetion chanber: hence, it was decided

that the capillary was of sultable size--partlculorly since the capillery

fedla

could he enclosed in o vessel and the pressiwre in the vessal made either

greater or less thon etmosvheric pressure. Thus the pressure in the

P . e q R S,
ionization chanber could be vorisd about the velue 2.4 X 10 ™ millinsters.



The Regervoir
In order to wrovide a neaons for letting o glven gas into the lonizas-
tion chamber and Yo provide a meons of conbrolling the rate of flow of the
cass ond hence, the pressure in the chanber, o fless systen was built avound
2 capillery (not the one previously discussed). The systen is shown in
Fipure 2., It wop necessory to open the gyster seversl tinmes opd shorten

OVEL GG

[N

the capillsry before the opening was puch that the pressure in the
tion chember could be controlled over s consideralile range.

With a 3-volt battery between the plate and £lidt A and = S0-volt one
botween slits A and B end the other connections as shown in Figure 1 (except
for the modifications stated on pope 3), it wee fouwnd that the ion current
increased ap the pressure increased for o congstant enisgion cuwrent of
10 microamperes, Since the ion current wes sufficlently large to be

wasired and means had been developed for aduitiing gos sanples to the

ionization chanber, the unit was then mounted on the mase spectromeier.



CHAPTER IV

SOURCE MOUWTED ON SPECTROMETER

The electron gun was slipped into the maes spectrometer head, and
gome modificotions were made in the lengths of tubing of the gas inlet
systeme It is o be noted that olihough the puaps are approximetely the
game distonce from the ilonissbion chamber as before, the presswe geuges
are now comnected o the side well of the chomber.

The electrical connectlons were mode os shown in Figure 3. The
neat evolved by the filement caused sufficient expansion that the plate
ceoe into contoct with slit 81, Figwre 4. In order to correct this the
electron gun was renoved from the gpectromelter heed and pieces of nmice
glued %o the plate with shellec. After two deys of oubgessing (filanent
uged as heater) an obtbempt to find o peak was nade. The accelersting
potenticl and emission current were held constont, and the megretic field
and pressure were varied. The pressure in the ionization chanber wos
voried by sdmitlting argon to the gas reservoir, HNo peak was found. The
sensitivity of the anplifier was incressed Ly chenging the grid resisbor
irom 2,700 negohna to 110,000 megobme, bub 56111 no ashrupt change occurred
in the galvenoueder reading.

In order to deteraine whether or not ions were being produced, a

registance 48 ohme)

+!

pelvenometer (0.7 me./mierovolt, CDRY 330 ohms, and
and & sowrce of potentiazl (A, Figure 3) were placed between the plate and

glit Sl' The change in unegritude of the gelvanometer deflection as the
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potential was varied end the polewity of the applied potential vere such

at the current {Dowing through the golvanomeler was due
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to electrons or negabtive lons. If this curvent were dus to electrons, 1t

might be en indlcatioun thot olit SI,L was not sufficilontly distant from the
electron beam. In order %o increase this distance the cpsenbly was egein

removed from the spectroneter and the rods suprorting the elements of the

ﬁ“:i

alectron gan were choriened about & millimeters. wurenents showed

that ’oeforra the rods were shortened the distance hebtween the electron besm

and slit b (Figwe 3) was much cloger than thal betueen the electron bean

r

ond s1it & (Figure 1). lhile the gun wos dismounted, the mice wos removed
from the plate and the filanent replaced.

Afber the wallt had been ploced in the svectrometer head agein and
outzgaessed, no peak was found although the enmission cuwrrent was set at 35
%o 40 wicroamperes and the pressure vorld ed from 3 X 10" to 2 X 1074
willimeters of mercury.

The systenm was oubgossed for several howrs st a higher temperature.

A gedvanometer (0.7 wmm./mierovolt) wes placed between the plate and the
A bebtery (Figure 3). The enisgsion ewrrent was approwimetely 35 micro-
amperce and the pressure 3 X 10"5 millineters. A deflsciion of 3 milli
moters in such a direction as %o indicate positive ions was obteined.

8lits 8, and 5, were comected together, and the entire aeccelerating

potential (138 volts) end the golvenoneter placed in series belween the

("‘J

plete and the g¢lits. The golvonometer deflection was 5 nillimeters and
remained constont over s pressure range of 3 X 1075 %0 2 X 10"/4‘ milli-
neters of mercury. When the enission current was run up o ’% § nicrosaperes
or from there down to zero the galvenometer deflected over 10 centimeters
but then returned to either the resding or the rest positions, This irdi-

By

cates o capacitive effech, the couse for which has not been delermined.



CIAPTER V

SUARY AYD CONCLUSION

The electron gim and pas inlet systenm ere cepable of delivering a
nezemrable ion curvent when the distance between the gecond slit and the
collacting plate is s few wmillimoters snd when the systen is pumped throuph
& lerge tube comnscied fto the lonization ehamber. When the assembly was
nounted on the mess speclirometer, no peak wes delected.

Tine did not permit awy further modifications to be made. However,
there acre several things thot might be done. During the preliminary
pert of this work the electron gun wes mounted in e gless emvelope. When
the wnit ig nmounted in the netel spectrometer hesd the electric field in
the chamber is somewhet modified. Also sy & glass envelope is easily onb-
possed whereas a metal one coumbtinues to give off gases for a considersble
length of time.

If the pressure in the spectrometer tube 1s sufficiently high the
ione will collide with each other frecuently ond rever reach the collecting
chamber. To remedy this & bhole might be drilled in the spectrometer head
and o tube {lerger thaen the spectrometer tube) run from the head to the
diffusion pump, Nob only would this provide for pumping from the head
end, bub the tube would alsgo by-pess the narvrow slits in the spectironeter
tube through whieh the sgystem must now be pumped.

% might also be noted thot most spectrometers have zn insulated meteol
strip nounbed on the plate., This strip le called a pusher, and g potentizl

is applied to it in such 2 wamner thet the positive ions formed are pushed

11



towsrd the slits. This, houever, did not seen to

enclogure,
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Figuwre 3. Electrical Connections for Mass Specirometer
(efter a drawing by Lull)
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Figure 4. Nier Type Mass Spectrometer
(after a drawing by Lull)
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