¥30Y¥0o3y
€S

2,543,859

T~ oIG

HAINdNY
"9 °'d

‘R. W. LONG
SYSTEM AND METHOD FOR ANALYZING

SUBSTANCE BY MASS SPECTROMETRY
- Filed Oct. 8, 1948

e ‘9l

YEIFIREL.L
‘DY

March 6, 1951

i

—6b

-_ _____
LAl +mw )

LY ov e Tal
. o | o__n_
i Ovv b
=3 X~

PN A AR A A . W AT A T A A l-.l_._l_.._'_.'.

i

---.‘

R OB Ep Ep EE B OB B EE EE EE Wy Ly oEgE e e W

T U ﬁmnmnuw:u....

6t

OLVII980 66

GG

P Y W T N

O
¢
{

A R A A A A A A A R i A S S Ay P

LE cl Lk

| 3

ol B A A B a A SR R R e -

|
|
. . ~ 46
.\L\\\h “ FETETETS Jw
ev ’ I\ _
- | sazyoe {9
. Y e e I
‘ L8 dNnd __ “ ve m
n ¢ + m ! nn Qq A “ “\L.Wl.w.!!f.lu “ +.ri.i.i,.!wfﬂ “ . -N
16 --2 .:..._..:::.n..l_._
—_—— 1. 3. W
. + “ v.__.._.___._.:m...._ / “
6P - . 02 91

ANIdNVS

Gl

0%

2, INVENTOR.
.7) -
BY ¢

et

AGENT.



Patented Mar. 6, 1951

- UNITED

s TATES

2,943,859

2,943,859

PATENT OEFHCE

SYSTEM AND METHOD FOR ANALYZING
| SUBSTANCE BY MASS SPECTROMETRY

Robert warren Leng, Tallahassee, Fla., assignor,
by mesne assignments, to Standard 011 Devel-
opment Company, Elizabeth, N. J., a corpora-

~tion of Delaware

~ AppHlcation October 8, 1948, Serial No. 53,474

| 7 Claims.
The present invention relates to the field of
mass spectrometry. More particulary, the present

invention is directed to a method of analysis

wherein ions obtained from a substance to be
analyzed are formed into a heam which is em-
ployed to modulate directly a novel detection
system from which an amphﬁed 51g nal is ob-
tained. |

‘This application is a continuation-in-part of
my copending application Serial No. 761,787, filed
July 18, 1947, now abandoned.

The arv of enelvzmg gaseous mixtures in a
mass spectrometer is well known. The analysis
is usually carried out by edm1tt1ng a gas under
reduced pressure into an ion source contained in

a high vacuum seeetremeter tube. The mole-
cules of the gas are bombarded with low energy
electrons emitted from a hot filament such that
2 small portion of the molecules are converted
into parent ions and fragments of many d1ﬁ"erent
masses. FEach ion usually possesses a unit of
rositive electricity. The charged ions pass from
the ion source into an ion accelerating field
where they are accelerated to high wvelocities.

'The .ions are caused to pass from the ion source “

into the accelerating field by imposition of an
atuxiliary elecirostatic field. The ions in the ac-

celerating field acquire equal kinetic energies and

thus their velocities are inversely proportional to
the square roots of their masses. The accelerated
1ens then pass through an entrance slit into an

nalyzing porticn of the mass spectrometer which
rompmeee a ‘curved condult Wlthm an externa,]
mwgnetw field,

- The ions moving at a high velocity congtltute o

en,,_el ctric current and a magnetic field is pro-
duced simultaneously by the moving ions. "The
magnetlc field caused by the moving ions is acted
upon by the external, crossed magnetic field which
causes a deflection of the ions in the curved con-
duit. The magnitude of the magnetic field and
the _eeeeler_ehng voltage creating the accelerating
ﬁe‘ld may ne controlled precisely such that ions

rerresenting only one mass may navigate the
ewved conduit of the analyzer. This is because
joris of di fferent masses are deflected by different
a,mwrlts Consequently, ions of any one mass
will follow a path having a radius of curvature
of magnitude different from the radii of curva-
ture of paths of ions having any other mass. A
number of ions of any given mass are thus caused
to focus on an exit slit of the analyzer and from
the exit slit they enter a Faraday cage or other
collecting means which is grounded through a re-
mete*}ee “The neutralization of the eherge eer-'

(Cl. 250-—41.9)
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unit of time.

”

ried by the ions causes a current to flow through

‘the resistance setting up a potential drop. This

potentlal drop may then be amplified in a D. C.
amplifier and measured by means of g sensﬂzwe
galvanometer or a recorder. The current set up
by neutralization of the ions impinging on the
collector plate is proportional to the number of
ions of a particular mass striking the plate per
By manipulation of the external
magnetic field and/or the accelerating. electric
field strength, ions representing components ef |
different molecular weights or masses can be
caused to pass through the ane]yzer exit slit in
sequence. Therefore, the voltage across the afore-—
mentioned resistance changes with time depend-
ing on the quantity per unit of time of the differ-
ent lonized masses passing through the exit slit,

| and & record or mass spectrum representmg the
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composition of the gases may be obtained. If a
chart recorder is employed, a mass spectrum will
be obtained having peaks corresponding to. ions
of any particular mass and will show the rele—
tive abundance of these particular ions. .

In the conventional type of mass speetmmeter
positive ions produced at the ion source are usu-
ally measured. Because a small positive notential
gradient is maintained in the ion source, the pOSi=-
tive ions are caused to pass itto the ion accelerat-
ing field and are eventually passed through the
analyzer portion of the mass spectrometer, where-
as negative ions formed at the ion source are re-
pelled. Thus, the ions passing through the an-

‘alyzer form a airect or steady positive ion beam
- which eventually impinges on the collector plate,

as mentioned above, and are neutralized by a flow
of electrons. from ground. The eleciron flow is
directly equivalent to the positive ion charge flow
onto the cocllector plate and thus. the I (curs
rent) X R (resistance) =E (voltage) difference
across the ends of the grounded resistor is direct-
Iy related to the current through the resistor. As
previously mentioned, this current is related to the
number of ions collected per unit time. Hence,
the variations of the number of ions collected per
unit time are converted into signals represented
by veoltage changes which are impressed on an
electronic tube designed to amplify the megm-
tude of the original current to a maghnitude more
ameneble tc standard measurmg devmes or.re-
corders.

It is thus seen that direct currents set 11p by
the neutralization of the positive ion heam on
the collector plate are amplified and measured
in a conventional system. It is also readily seen

| that the eemrentlenal procedure fer emphfymg
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the signal resulting from the ion beam involves
a detection system in which losses result as the
signal from the neutralized ion beam is trans-
ferred to an electrical network before the signal
is amplified. It would be very desirable to mini-
mize the losses which invariably occur when the
siecnal is transferred from the defector system
of the mass spectrcmeter to the conventional
type of amplification equipment. Another dis-
advantage encountered in the conventional use
of mass spectrometers is that of direct current
amplification of the voltage charge occurring
when the ion beam is neutralized. It is well
known that A. C. amplifiers are inherently more
stable than D. C. amplifiers. Direct current am-

10

plifiers also are subject to what is known as ‘“‘zero.

drift’’ resulting from the fact that aging of fila-
ment, minute changes of potentials within the
electronic tubes, and similar disturbances upset
the balance of conditions previously established
causing a new set of operating parameters to
exist. These new parameters obviously produce
8 shift of the apparent balance which is inter-
preted as a ‘“zero drift.,”” Alfernating current
amplifiers respond only to signals of periodic
character and have no output for no input sighal;
hence, in the quiescent period no output is ob-
tained which means that no shift of balance
can appear. Direet current amplifiers are also
known to have less usable sensitivity and to re-
spond more slowly to voltage fluctuations than
do A. C. amplifiers. It would, therefore, be ex-
tremely desirable to use A. C. amplification of
the ion beam currents in order to eliminate the
aforementioned difficulties. |

It is, therefore, an object of the present in-
vention to provide a means for improving the
operation of a mass spectrometer.

Another object of my invention is to provide
a method of detecting and amplifying the sighal
resulting from an ion beam formed in a mass
spectrometer such that losses occurring from
transferring the ion beam signal to an amplifier
are minimized.

It is a further object of the present invention
to improve the stability and sensitivity of a mass
spectrometer with respect to the amplification
and recording of ion beam currents used therein.
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The above mentioned objects of the present

invention are accomplished as follows: The mass
spectrometer tube, which is maintained under
high vacuum, is provided with a suitable amplify-
ing-collecting means comprising an anode such
as a right ecircular cylinder or cage made of con-
ducting material. The cylinder or cage contains
an electron emissive cathode or a filament heated
by a suitable electrically controlled means such
that electrons are emitted therefrom. The anode
is given a positive potential such that an electron
current flows thereto from the cathode after a
space charge has been built up around the heated
cathode. An ion beam comprising ions of any
one mass is then passed through the cage in the
vicinity of the space charge near the heated fila-
ment.  The electrostatic disturbance caused by
the lon beam passing in the vicinity of the space
charge region varies the electron current to the
cage in accordance with the ion beam intensity
which causes an amplified response to the ion
beam intensity which causes an amplified re-
sponse to the ion beam signal to appear in an
output electrical network of the cage. The sig-
nal, which is many times stronger than the origi-
nal ion beam current, allows greater sensitivity
and speed of response without sacrificing stability.
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The amplified response occurring on the anode
may then be further amplified in a suitable D, C.
amplifier. If desired, the positive voltage applied
to the anocde or cage may be periodic in character
such that an A. C. signal of constant frequency
is produced which is amenable to amplification in
an A.C.amplifier.

The application of an ion collector means of
the type described above to a mass spectrometer
is made possible because the mass spectrometer
tube itself is under extremly high vacuum, and
g flow of electrons from the filament to the walls
of the cage or anode will occur. In effect, the
filament and cage comprises a diode, familiar
in the electronic art. By the insertion of a grid
electrode near the filament, one obtains a triode
by means of which the magnitude of the cur-
rent to the cage is more easily controlled. The
insertion of the grid, of course, produces a triode
in which a small energy -input controls a very
large energy output and, at the same time, re-
tains the original character of the conftrolling
energy. Therefore, high amplification of the
small energy input is obtained. Other types of
multi-electrode detecting means may be em-
ployed.

One embodiment of the device of the present
invention will now be described in detail in con-
junction with the accompanying drawings in
which
- Fig. 1 is an elevation, partly in section, show-
ing a mass spectrometer tube info which has
been incorporated the collector-amplifier detec-
tor of the present invention;

Fig. 2 shows diagrammatically the end view of
the collector-amplifier system illustrated in Fig.
1; and

Fig. 3 shows diagrammatically a preferred
means of employing the collector-amplifier sys-
tem to produce pulsating signals amenable to
A. C. amplification.

In Fig. 1, the numeral || demgnates the ioni-
zation chamber, numeral (2 designates the ana-
lyzing portion and number (3 designates the
collecting portion of the mass spectrometer tube.
It is noted that the analyzer portion forms a
00° angle which is one type of analyzer that is
frequently employed in conventional mass spec-
trometers. My Invention is not limited to any
special type of mass spectrometer tube but is
applicable to analyses in the horizontal, 60°, 180°,
or other types of mass spectrometer tubes. 'The
entire tube may be constructed conveniently
of glass and is maintained under an extremely
low pressure, such as from 10—3 to 106 mm. of
mercury absolute pressure by the gas evacuation
system designated by numeral (4.

A small amount of substance which will be
in a gasiform state under the reduced pressure
is passed from sample system (5 through draw-
out electrode 16 into the ionization region desig-
nated by numeral {7. The ionization region 1
is defined by electrodes 18, 15 and 20. Elec-
trons emitted from heated filament 21, which
is controlled by an electronic power system, not
shown, flow through small apertures in elec-
trodes 18 and 20 as a beam designated by the
numeral 22. The electron beam flows in a di-
rection perpendicular to the flow of gas emitted
downwardly through drawout electrode 16.
Beam 22 is maintained in a horizontal flat ribbon
through ionization region 1T by means of an
externally applied magnetic field, not shown,
such that electrons impinge on electron collec-
tor 23.
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A portion of the electrons in beam 22 bombard
molecules of gas in region 17 causing ioniza-
tion of a fraction of the molecules. If positively
charged ions are to be analyzed, the ions formed

in region 17 are slowly moved toward accelerat- -

ing entrance slit 24 in electrode 19 by means of
a small positive electrical potential applied to
electrode 16 as compared to the potential ap-
plied to the accelerating electrodes to be de-
scribed hereinafter. The ions then pass through
slit 29 in focusing electrode 26 before reaching
the strong accelerating field existing between
electrodes 26 and 21. The accelerating

10

field is

produced by applying a voltage through lead 28 .

to electrode 271 while maintaining electrodes {9
and 20 grounded through lead 29. This method
of operation is conveniently termed “ion source
grounded” since electrodes 18 and 26 may be
referred to as the ion source and since only the
useful portions of the ions pass thmugh the
slits in these electrodes.

The ions passing through the acceler&tlng
fleld enter slit 38 in electrode 27, this slit being
the analyzer entrance slit. The analyzer por-
tion of the mass spectrometer comprises two
electrodes 27 and 3! at opposite ends of curved
conduit 12. The electrodes are -connected

through an internal non-magnetic shield desig-.

nated by the numeral 32. An external, trans-
verse or «crossed magnetic field 33, controlled by
electromagnet 34, is employed 1o deflect ions
entering the analyzer. By controlling the mag-
nitude of magnetic field 33 and/or the magni-
tude of the potential applied 1o electrode 27,
ions of a given mass may be focused on exit slit
3% in electrode 3i. ITons of either less or greater

mass than those focused on the aforementioned

exit slit are discharged by striking the non-
magnetic shield and are pumped out of the tube
by evacuating system 14. The ions focused on
exit slit 35 may conveniently be designated as
beam 36. |

The collecting portion of the mass spectrom-
eter designated by numeral {3 contains a sup-
ported cage eclectrode 37, conveniently in the
form of g right circular cylinder. The cylinder
may be made of an electrically conducting non-

magnetic material such as copper, brass, nickel-:

chromium alloy, gold, platinum, and the like, or
& suitable non-conducting material plated with
such materials or alloys. The ends of cage 37
are electrostatically closed by grounded .grid
network 28 and grounded plate 3%. Grid net-
work 38 contains a2 suitable sm&ll aperture
through which ion beam 35 may pass. In the
center portion of cage 37 and suitably insulated
therefrom is positioned g heater or filament 490
electrically connected through leads &1 and 42
t0 8 source of potential 48. Surrounding heater
40 is 5 suitable metal tube ﬂﬂa acting as a cathode
capable of emitting
Cathode 48q is electrically

lead 44a to lead 1. Cathode 48a is preferabiy

placed coaxially within the cage 37 and the cage

is preferably positioned such that ijon beam 28
passes adjacent and parallel to the longitudinal
axis of cathode 48q intermediate the inner sur-
face of cage 37 and the ocuter surface of eathode
40a. It will be understood that, when filament
40 is itself capablz of being heated to produce
& sufficient abundance of electrons, cathode ele-

ment 40¢ may be omitted and filament 40 may-

be employed as an eleciron emissive cathode.
A control grid 43 may he pomtwned toneen-
trically around the inner surface of cage 37 and

electrons  when heated.
connected thmugh |
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spaced intermediate the wall of the cage and
the path of ion beam 36. Control grid 43, when
used, is eleetrically connected through lead 44
to the negative side of a source of potential 47
which is also connected to lead 44q and grounded
lead 61

Cage 37 is electrmally connected by means of
lead 52 to a resistance 49 and may be connected
by lead B4 to electrometer tubss, nct shown, in
D. C. amplifier 52, Amplifier 52 is connected to
a recorder 33 by means of leads 5i{ and 5la.
Resistance 49 is connected through lead 45 to
the positive terminal of g source of anode po-
tential §6. The negative terminal of source of
potential 46 is connected through srounded lead
61 to cathode 48a and potential 47.
- Tt may be scen that cage 37, cathede 48¢ and
nelical grid 43 comprises a triode. When heater
40 is heated to incandescence and maintained
at ground or other low potential and when cage
or anode 3T is made positive with respect to
cathode &8a, there is an electron flow from cath-
ode 480 to the inner surface of anode 37. 'The
magnitude ef the electron flow will generally be
limited either by space charge limiting or tem-
perature limiting. In this particular case, only
the space charge limiting condition is applicable
since it exists if the voltage applied to anode 37
is low for a sufficiently high filament temper-
ature, in which case an execess of electrons are
available. The excess electrons boiling off of
heated cathode 48g concentrate a short distance
from the -cathode and form g negative cloud or
space charge. A potential is soon formed which
15 s0 high as to prevent other electrons from
being boiled off of the cathode. Actually, an
equilibrium exists between the number of elec-
trons returning to the cathode from the space
charge and the number leaving the cathode to
the space charge. By inserting erid 43 having
applied to it —2 volts for example, a means is
provided for easily controliing the magnitude of
the current to anode 37. A small energy input
into grid 43 thus controls a large energy output
from anode 31 while refaining at the same time
the character of the controlling energy. This

_makes it possible to obtain a very high ampli-

fication for a- very small energy input. When

a collimated beam of positive ions from slit 35

passes parallel to the axis of the triode, a dis-
turbing electrostatic field cccurs in the vicinity
of the space charge around cathode 40¢ which
causes great changes to occur in the current
flowing between the cathode and anode 87. This
is due to the fact that a beam of positive ions
neutralizes a portion of the space charge in di-
rect proportion to the abundance of the positive
lons in the beam and thereby upsets the equi-
librium conditions existing between the space
charge and cathode 48a. When the temperature
of heater 43 and thes potential difference between
grid 43 and cathode £84 are maintained constant,
the electron current to anode 237 is changed by
such magnitude as to set up an appreciable elec-
trical signal which is a direct function of the
abundance of ions in the positive ion beam.
Therefore, the electrons passing from cathode
40a to cage or anode 37T are varied in quantity
in proportmn to the ion beam 36 causing an
amplified response of the ion beam to occur on
cage 317. Subsecquently, the electrons striking
cage 37 then cause a flow of current in resistance
48 which produces a signal which is passed to
D. C. amplifier 52. The advantage of the am-
plifier=collector system comprising the triode is
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that the ion beam is directly amplified inside
the mass spectrometer tube into a signal of a
magnitude many times stronger than the original
ion beam. This results in greater sensitivity
and speed of response than possible heretofore
without sacrificing stability. Since the signal
passing to D. C. amplifier §2 is much stronger
than those signals obtained in conventional mass
spectrometers, it is not necessary to employ am-
plification means as sensitive as those conven-
tionally employed. | |

The amplified signal passing through D. C.
amplifier 52 then reaches recorder 53 wherein
the signal is suitably recorded on an oscillograph,
a galvancmeter type or a pen type recorder.

The end view of anode 37 and its related parts
is-shown in Fig. 2 in which the numbering of the
anode, cathode, grid, heater and the ion beam
correspends to that used in Fig. 1.

Turning now to Fig. 3, a preferred modiiica~-
tion of the spparatus that may be used in the
present invention is iliustrated. 1In this modifica-
tion, one end of resistor 49 is connected through
lead 55 to one end of resistor 56. The other end
of resistor %5 is connected through lead 439 to
source of potential 46 as shown. The ends of
resistor 56 are electrically connected through
leads 57 and 58 to a source of alternating current
and voltage 55 which may suitably be an oscli-
lator or multivibrator circuit., Osciliator 59 sup-
plies periodically varying current and voltage
having any desired wave form to resistor 6. The

magnitude of resistor 56 will cbviousiy depend

upon the operating parameter desired. When
no alternsting voltage is applied through leads
BT and 58 from oscillator 53, there will be no alter-
nating current flow through resistor 56, and, con-
seauently, anode 37 will be substantially at the
reference or bias potential set up by source £46.
Wwhen a pulsating voltage from oscillator §9 1S
applied to resistor 5%, the positive half cycle oi
the alternating voltage charge reaches anode 31
and atiracts electrons boiled off of cathode 48a
whereas the negative haif cycle of the alternating
voltage will offer no attracting or repelling in-
fiuence on the electrons. In effect, a pulsating
sienal resulis from the electrons reaching cage
27 during the positive half cycle. The pulsing
flow of electrons causes a flow of current In
grounded resistance £9 setting up a pulsating sig-
nal amenable to amplification in A. C. amplifier
0. A.C.amuplifler 68 may be of the type conven-
tional to the art such as a “peaked response”
A. C. amplifier which is tuned to the interruption
freguency impcesed on cylinder 37. Therefore, by

empioying this mode of operation, the triode

effectively a*nphﬁes and collects the ion beam as
a signal which is pulsating In character and
which is easily amplified in an A. C. amplifier.
This results in the benefits previously described
when using A. C. instead of D. C. amplification.
The ampilified signal leaving amplifier 60 may
suitably be rectified and recorded in means well
known to the art.

It is obvious that other meoedifications of the
amplifier-controller system than those hereto-
fore described may be employed. For example,
the electrode system need not necessarily be triode
in character, as shown in Fig. 1, but may be a
diode comprising only cage 37 and filament 40
without the control grid 43 as such. The inser-

tion of a grid electrode between plate 37 and

filament 48 is usually desirable ior control pur-
poses but, in some cases, Very close control of the
electron cuuent may not oe needed The system

10

15

29

25

30

35

40

60

8
could also be multi-electrode either with or with-
out control grid 43. For example, greater am-
plification and improved stability of the ampli-
fier-collector system can be obtained by employ-
ing a system equivalent to a pentode or heam

tetrode which usually produces greater amplifica-

tion than a triode. Such modifications will be

obvicus to those skilled in the art. It will also
become obvious in the case of diode, tetrode and

pentode systems that a pericdic voltage may he
apphed to cage 37 as deseribed in connection with
Fig, 3 such that the steady no signal output will
be A. C. of constant frequency. That is, by pass-
ing an ion beam through cage 37, the impedance
of the system will be altered as hereinbefore de-
seribed and the output signal will be varied In
accordance with the signal changes due to the
ion beam entering the amplifier-controller sys-
tem. If desired, the periodically varying voltage
from oscillator 59 may be applied across resist-
ances inserted in either lead 44 or lead G4a In
the triode system shown in Fig. 1, thus applying
periodically varying potentials to grid £2 or cath-
ode 80a. Pericdically varying voltages may be
applied to one cr more of the grids in tetrode or
pentode systems if desired.

The amplifying-detecting means of the present
invention is particularly suitable in mass spec-
trometers wherein positive ions are analyzed.
This mode of operation is due to the fact that
positive ions destroy electronic space charges.
Hence, by placing a hot tungsten filament emit-
ting electrons along the axis of a positively
charged cylinder, the electron current to the
cylinder is limited by the negative space charge
surrounding the filament at a sufficiently high
filament temperature and a given cylinder volf-
age. The passage of 2 beam of positive ions near
the filament permits a portion of the positive
ions to neutralize the negative space charge
which in turn permits the cylinder current to
increase. The current increase to the cylinder
is many times stronger than the original ion beam
current: therefore, one obtains a signal which
is not only a function of a characteristic of the
ion beam but also the signal is greatly amplified,
as compared to the original ion beam, within the
mass spectrometer tube ifself. All this CCCUrs
without resorting to conventional amplifiers ex-
terior to the mg¢ss spectrometer. Auxiliary am-
plifiers may, of course, be employed o advantage
in the present invention under some circume-
stances.

Prior art workers have passed molecular beams
(neutral atoms and molecules) parallel to the

- axis of a diode wherein partial ionization of the

60

65

70

75

neutral particles by electrons cccurred which re-
sulted in forming positive ions. The posmve
ions then partially neutralized the negative space
charge and affected the electron current to the
plate. It has also been known to amplify fiuc-
tuating input voltages of electronic tubes by pass-
ing a current of positive ions of constant inten-
sity in the vicinity of the cathode at the place
where the space charge accumulates. The prac-
tice of the present invention is advantageous In
that a beam of ions rather than a beam of neutral
particles is passed parallel to the axis of the diode,
triode or other arrangement, and, hence, none of
the electron beam is used in ionizing the par-
ticles. The present invention involves first ioniz-
ing a substance, forming beams of ions having
selected masses, varying abundances and, accord-
ingly, varying intensities, and employing the ion
beams of varying intensities to modify a constant
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input voltage by passing the ion beam in the
vicinity of or in close proximity to the space
charge resulting from an electron current such
that the extent to which the electron current is
altered is an amplified function of a character-
istic of the particular ion beam. The passage of
an lon beam comprising ions of another mass in
the vieinity of the space charge produces still
another efiect which is characteristic of the par-
ticular mass and number per unit of ions passed
near the space charge.

Actually, it may be said that the present in-
vention involves in part ionizing a volatile sub-

10

ode and spaced therefrom, said cathode being

- bositioned whereby a beam of ions may be passed

10

stance in order to segregate positive ions of g de~

sired or selected mass, and deionizing the iong of
one mass to obtain an amplified signal which may
be used to determine the relative abundance of
the ions of the particular mass deionized.

‘The present invention is not limited to the col-
lection and amplification of positive ions but may
satisfactorily be employed in cases where nega-
tive ions are to be analyzed. The analysis of

16

negative ions requires that proper polarity

changes he made throughout the entire mass
spectrometer tube such that negative ions rather
than positive ions are pushed into the ion ac-
~ celerating field, separated into ions of particular
masses in the analyzer portion of the mass
spectrometer, and the beam ‘of negative ions
passed through the amplifier-controller system
as previously described. An electrostatic dis-
turbance likewise occurs in the vicinity of the
space charge around cathode 49q¢ which results
in variation of the electron current. It is to be
understood that the mass spectrometer may be
operated with the analyzer electrodes 27 and 3!
at ground potential while ion source electrodes
1§ and 26 are at high potential with respect to
ground. o |

Although other modifications of the present
invention will become obvious to one skilled in
the art, it is emphasized that the principal ad-
vantage to be derived from the practice of my
invention is the fact that direct amplification oc-
curs in the detector system within the mass
spectrometer evacuated tube rather than outside
of the tube as is the case in conventional sys-
tems. Although I have described the amplifica-
tion of the signal from the ion beam both in
the mass spectrometer tube and in auxiliary am-
plification means outside of the mass spec-
trometer tube, under some conditions, particu-
larly when employing a multi-electrode amplify-
Ing means within the mass spectrometer tube,
it 1s possible to obtain sufficient amplification of
the signal resulting from an ion beam to elimi-
nate or minimize the extent to which the signal
must be amplified outside of the mass spec-
trometer tube. It will usually be preferred, how-
ever, to employ auxiliary amplification, with
D. C. or A. C. amplifiers as the case may be, out-
side of the mass spectrometer in order to ob-
tain optimum results.
- The nature and objects of the present inven-

tion having been fully described and illustrated,
what I wish to claim as new and useful and
to secure by Letters Patent is: |

1. In a mass spectrometer having a means for
producing a beam of ions, a means for amplify-
ing and collecting said ion beam which includes,
In combination, an electron emissive cathode,
& charged anode coaxially surrounding said cath-
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in close proximity thereto, and means for col-
lecting a signal produced on said anode.

2. In a mass specirometer having means for
producing iocns and means for focusing a beam
cf lons of a particular mass along a definite ion
path, an Improved means for collecting said
ions and producing a signal therefrom which
comprises, in combination, an eclongated elec-
tron emissive cathode arranged adjacent to and
with its longitudinal axis parallel to said ion
path, an anode of electrically conducting mate-
rial spaced from and arranged concentrically
around said cathode in a manner to include said
ion path therebetween, means for heating said
cathode and causing it to emit electrons, a re-
sistance electrically connected between said
anode and sald cathode, and means electrically
connected in series with said resistance for ap-
plying a potential difference between said anode
and cathode and capable of causing an electron
current to flow therebetween and produce a sat-
urated space charge.

3. An improved ion collector and sighal pro-
ducing means in accordance with claim 2 which
includes at least one electron-control grid elec-
trode arranged concentrically within said anode
in a manner to include said ion path between
sald electrode and said cathode.

4. An improved ion collector and signal pro-
ducing means in accordance with claim 2 in
which said means for applying a potential dif-
ference is a source of unidirectional voltage.

9. An improved ion collector and signal pro-
ducing means in accordance with claim 2 in
which said means for applying a potential dif-
ference includes a source of unidirectional bias-
ing potential and a means for superimposing a
periodically varying bi-directional potential
thereon.

6. A mass spectrometer comprising, in com-
bination, means for producing ions of various
masses, means for focusing ions of a selected
mass along a selected ion path, means for pro-
ducing an electron space charge adjacent said
selected ion path whereby the focused ions vary
sald space charge, and means for indicating
variations in said space charge.

7. A mass spectrometer for testing a vaporiza.-
ble substance comprising, in combination, means
for forming at least a portion of said substance
into a beam of ions, means for passing ions of
a selected mass along a selected ion path, means
for producing an electron space charge in close
proximity to said selected ion path whereby ions
of said selected mass vary said space charge,
means for producing from variations in said
space charge an amplified signal which is a func-
vion of a characteristic of said beam of ions, and
means for displaying said signal. |

ROBERT WARREN LONG.
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