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TECHRNICAL INFORIVIATIERS

MASS SPECTROMETER PARTIAL
PRESSURE GAUGE

WHY USE A MASS SPECTROMETER? : RESOLVING POWER DEFINITIONS
CHOICE OF INSTRUMEKT INTERPRETATION OF MASS SPECTRA
OVERATING PRUNCIPLE . COMMON MISCONCEPTIONS

WILY USE A MASS SPECTHOMETER?

Filting & mass spectrometer partial pressure gaupe 16 2 vacuum systcm can be an inexpensive way of ablaining & great deal
more taformation xhout the vacuur than {s available from the customary ion. trigger-discharge or other tolal pressurc Fauge.
The mass spectronteter tells which are the principle gases or vapours lhiniling the attainment of lower pressure ut any point in
the pump down cvele from 1072 110771 torr, or less. thus cnaliing eptimisation of the puniping procedure to ohtain better
results, 7The mass specirometer also identifies orgaic and other contaminants. thus giving information on the cleanliness of
the vacuumn. $hould any leaks he present the mass spectrometer will identify their presence and provide a mare rapid and
sensitive means fur their Toesation than any other device.

The mass spectrometer gauge also enables the true 10wl pressure Lo be computed from the sum of the individual partial pres-
sures. in conirast the "loial pressure’ gauges of the innization type only read “nilrogen cquivalent” pressure and can there-
forc he in crrar by a factor of more than 4 in either dircetion depending on the residual gas composition.  This is because the
sensitivity of such gaupes varies by more than 2 factor of twenty Letween the inost sensitive gases. such as mercury, the high
motcecutar weight hvdrocarbons and other targe molecule gases. and (he least sensitive gases which are hvdrogen. helium and
neon. Also. these total pressure gauges have serious non-lincarity effects at pressures belew about 10777 torr whureas mass
spectromeicrs ere truly lincar down to the lowest detectable pressures,

CUQICE OF INSTRUMENT

The simplest forms of mass spcctromelc‘r are ef the magnetic deflection type and these are the most suiled for general vacuum
monitoring on account of price, size, reliabilily and simplicity of use. However. in some experimental Investigations their
small etray magnelic ficld. of the orter of seversl pauss at 6 in (15 cm). can be a limitation.  One solution may be to remove
the magnet during the aclual experimental observations. I this is not practical. due to simullancous manitoring of the gs
composition being required. then-it will be necessary cither to provide magnetic shielding or to use 2 non-magnelic {ipe of
mass spectrometer, such as the quadrupole, N

The lcast expensive and most compact of all the mass speciromeler gawges (s the type based on 1807 delection of the ions in s
mapnetic field. This tvpe of mass spectreometer is characlerised by extremely good reproducibility of performance even under
tdverse vacuum conditions due to the strong coliimation of the cleetron heam by the magnetic lield (). Furthermore. In more
recenl desipns such as Micromass 1 and 2. ell the critical parts of the ion source are very simple to dismantle, clean and
re-assenibie incase this shouldeventually Lecome necessary through mis-use or prolonged operation under extremety adverse
condilions,

The small radius (I ¢m) 1809 deflection instruments have the adranua.gc'lhal because their lon path is short (3 cmy). they are
vseable up to higher pressuresa {16~2 torr) than most ather types of mass spectrometer.

The only prccautlon necessary in the use of these mass spectrometers is to ensure thal the pressure is below 10-2 torr belore
the filament Is awitched on and to provide s trip-oul means in case the pressure subsequently rises above thia value. Il ion
pumplng iz being used the pump control unit will provide such pressure indication and protection, Otherwise It will be advisable
to fit a simple form of total preasurc gauge.

Some inass spectrometers are [itted with eleetron mulliplier detectors and these enable the detection of partial pressures down
10 10-1% torr usitg 2 | sce recorder read-oul.  Allernatively. at some sacrifice (n detection limit, a [ast response amplifier
and oscilloscope may be used to give a standing visual display of the complete specltrum at a2 repetitlen rate of 25 scans
per sccond,

Limitatlons of electron multipliers. apart from additional expense snd size, are that their gain changes slowly with age and
rapidly, though temporarily If subjected to continuoua bommbardment by intense fon beams, particularly these of the rare gasea.
Also the galn [a 2 function of the {on apecies, depending botll on mass and atomic composition. A further Jimitation is their
apparenl non-lincarity at very low ion currenta due to the statistical effects of & relatively small number of individual {ons
arriving during the scanning of a particular inxas peak.

Ncverthelesa, electron multipliers greatly extendthe posaibllities of mass spectrometry in studying transient phenomena at low
pressures and the fast repetitive scans with oscilloscope diaplayare of very great cunvenlence tn everyday vacuwn work, where
often only semi-quantitative information is required.
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OPERATING TIUNCIPLE

Any manss spcctrometer docs throe things:
(1) It produccs fona. This 15 done in the ton Bource.

(2) it separsles the lona according to thelir masa (actually sccarding Lo their msas to charge ratio so thal a double charged
fon of mean M is tuned at the M/2 posttion).  Thla {8 done in the analyeer.

@} U measurca the reletive Inlensity of lone of different masa.  This Is done in the delector,

Generally the instrument also provides some form of scanning 8o Lthat the whole, or part, of the mass range can be displayved
as z merics of pesks of different mass nuinber, each of individual heigh! corresponding to the relative intensilyof the {on beam
al that mass number.  The result ls s mass spectrum.

ION SOURCE. Mags spectrometers for analysing gases and vapours, as in vacuum applicatlons. generally have an electron
bombardment type of ton source. In some the clectron beam e constrained Lo a sharply defined ribbon by means-of a2 magnetic
field 28 shown in Fig. 1.
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FIG I ELECTRON BOMBAROMENT 1ON SCOURCE WITH MAGHETIC COLLIMATION AS USED IN 1109 MASS SPECTROMETERS

WIth such an arrangement il is possitle to stabilise the lonfzing electron current rather than the total filament emission. This
is done by allowing the cleciron heum to pass through a large exit apariure in the lonization Lox and collecting it on the trap
clectrode. The [Ulament power is then clectronically regulated to maintzin a constant trap current. Instruments incor-
porating such 2 trap current regulater, as distinct from {otal emission regulator, are lo be preferred as the sensitivity is
less liable to variation with lilament age, aligninent or feakage across insulators i

ANALYSER  There sre many arrangements for separating lons according to their mass but only two basic principles are

+

involved, namely:

(1) Tons of dilferent rnass seccelerated through the same potential follow paths of different radii on passing through a
magnetic field.  Thia is the Lasis of the magnetic dellection Lype of Instrumcnts of which the coinmoncst are theT 8¢
Instruments (hoth source and collector immersed in the magnetic field) and the scctor instruments {eilker, or both,
gotirce and colicclor external lo field).

(2) lons of different mass accclerated through the same potential travel with different velocities. The commonest and

most impertant example foday is the radio [requency quadrupole mass filter. Other examples, recciving varying
popularity in the past, have been the iime-of-flight. lincar R.F. and omegatron {nsirumenta.

A dizgram of a typical 1cm radius, 180% magnetic deflection Instrument Is shown in Fig. 2.
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FIG 2 DIAGRAM OF [ tm RAOIUS‘iaou MAGNETIC DEFLLCTION MASLS SFLCTROMETER
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DETECTOR.  Twe types af detectar are comananly useed, namicly;

{11 The Faraday plate.  Thin ix a siinple plate electrode on fo which the Fn beam impinges afler mssiag through the
calleclar slit.  Generally some means af suppressing secondygry electrons fremn the eellector should e provided
though this ls unneressary In cases. such as the 1809 prometry. whese the collector is immerscdinthe magnetic ficld.

2} The clectron multiplicr.  The isa beam here impenges on the hiest dynade of an electron muitiplicr which may have
hetween @ and 20 stages giving an overal gain of abowt 1067, With this gain it is possible Lo ktect and count e
arrival of individual jons theugh this is rareiv done in vacuem applications. The dyoades are commonly of either
Je-Cu nr Ag-Mg and bath have been used suecessfullf for vacuum investigation,

SCAN AND HEAD-OUT, Seanning en magnetic sdeflection instruments is Ly varving cither the lon aceclerating woltage (M — IV
or the magnetic fweld (M-~ IIZ) and on quadrupeede insiTaments Ly varving vither the voltages (M — ¥V} or frequeney (M e 1/12)
applied ta the quadrupole rads. On sne magnetie instruments the soltage is varied by a moter driven patintiometer with cali-
Urated linear mass scale and the vircuil is chosen so that the mass sean againss Uime is linear. thus giving a lincar mass srale
on the recorded spectrum, Such a feature greatly simplifics the ideatification of unknown specira.

nve time. Thase most enmmenly used

Read-out can be or any recording system with apyuropriate input characteristics and respo
of mass speclrometer and the cathede

for vacuum applicatinns are the 1 see. poteatiometric pen recorder Tur the shgpler type
ray oscillaseape for those fitted with an clectron multiplier. However the ULV, tvpe af multi-channe} galvanometer, sirip chart,
recorder offers advantages where high speed and precise guantitative measurements over a wide range nf signals are required.
Typically such a recorder would he usi-d with 3-channels set for sensitivities of x1. xI1¢ and x100.

RESOLVING POWER DEFINITIONS

There are many definitions of reselving power but the vae moust commonly aecepted by muss speclroscnnists in comparing
instrument performances is known as the 1849 valley definigion”.  According to this delinition if the cesolving power is spuri-
ficd as X. the valley belween two peaks of equal Height, hoat masses X-1 and X will approich Lo within 10% h ef the base line
sce Fig. 3a).
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PLOT OF TYPICAL PEAKS AT MASSES X~1 AND X  WHERE 'x’15 THE RESOLVING POWER on 10%e WwALLEY' DEFINITION

Such a definition also means that the resolving power can e measurvd [rom a single peak. occurring anywhere [ the specirum
by mezsuring the width. AR nl 8% peak amplitude, that is [P - M/3 M where M = mass nember of peak and aM (s the peak
widlh measured in atomic mass units and far 2 magnelic defllectivn {astrument M/& M Is determinud as the ratio ol the fon
neceleration voltage. V.o ore quired [n tuse in mass M to the voltage. AV, required to move from onc 5% height poiat on the peak
to the oppasite one. that 1s:

RE=M/AAM=V/AYV

The 10 valiey™ resnlutton aumieris the highest mass at which securatwe guantitative measurcments can bo punde (ur two ywans
4 q

at adjacent maws numbers and not differing In intensity Iy more than 10+ 1.

However for much semiequantitative work, as Is often all that fs required [n vacuum lnvestlgations, a leaser resolulivn cap-

ahitity 18 adequate.  This las el 4o 2 fecond nunber. "the unil muss resofutlon” of »607 valley resnlutlon® being yuoted.
Supposce this humber 12 Y. Then unt maxs resolulion menns that twa peaks al V-1 and Y will be deteolable as neparale masses

provided that thelir Inteaslty ratio ix nol more than 30 ¢ 1. fsve Fig, b
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A third definltion, used by somc manufacturers but not generally approved of by mass spectroscoplsts,
half-height™, which is given as HP = M/A M where AM Is the peak width between the 567 h polnts (see Flg.ldc).

is the "resolution at

This defi-

nitlon gives a Ligh number which is notdirectly related to a corresponding ability to separate peaks in the corresponding mass

region ag {a shown in the Figurce.
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The ratios of the three resolving powers X ¢+ Y @ Z, defined abave, will depend on the detailed shape of the mass peaks and
However, for the typical shapes shown in the figures the

thls can vary with tie type of Instrument and operating conditions.

ratfe X ; Y : Zis 100 : 144 ; 200,

INTERPRLTATION OF MASS SPECTRA

ANALYSIS OF TIIE COMMON GASES, A mass spectrum
Is 2 unlque means of identification.  Consider, for cx-
ample, the carbon monexide spectrum shown in Fig. 4.

When molecwles of carbon monoxide sre struck by eleet-
rons the 'parent’ or molecule fon CO*, the fragment lons
C* and O and doubly charged lons CO** are formed in
diffcrent propertions. giving a characteristic specirum,
a5 shown, with main peaks at masscs 28, 12, 16 and U4,
In additfon there will be other minor peaks due to the less
abundant isotopes, for example at mass 29 & pezk duc to
13 16

c%0% anu 2 170* wnd at mass 10 are due to 121800,

FiC 4, CARALON MONOXIDE SPECTRUM
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For & pertlcular maae spectrometer the [ragment poaks aliould afways ocewr in the same ratie, Thus cach gas component
may be characterised by fta own Individual spectrun which is convenicntly expressed as 8 'cracking' pattern such as given in
Table 1.

TABLE 3 Cracking pattern for carbon monoxide

m/e 12 13 M 14.5 15 16 28 23 30

Nelative Intensity 4.5 0,048 0.60 0.605 0,081 ©.96 100.0¢ 1.13 0.20

Some Tesidual gas atmosphercs arc so stmplc that It is not necessary to know the eracking patterns, A common example (5

when only Hy, water vapour and Ny are present. In which case each component has a unique peak which 1s not interferred with

Ly the eracking pattern speetram olthe othercomponents, (Kole:the ll§ peak of 1i,01s negligible). In sucheases it is only neces-
sary to know Lhe relative sensitivily of cach componunt Lo nltrogen and the absolute sensitlvity of the latter, With this infor-

mation the identtfication and pariial pressure of each cumpunent is easily worked out.

In other cases the spectra of the varlous components may everiap &a happens for cxample when COg, Oy, CO and N, are pre-
sent {see Flg.5), To obtain the partial pressures. for svch an atmasphere requires e knowicdge of the eracking patterns of cach
component gaa present, In sddilion to the relative and absohuie scnsitivilics,

The procedurc in the cxample quoted would be first te sublract the contributions of the twu higher mass components [rem the
measured specirum.  This may be done since the di-peak is uniquely representative of COg, and the 32 puak Is uniquely
representative of Oy, Two simultaneous cqualions basced wua the 12 and 14 peaks can then be set up and solved to determine
the relative cuntributions of CO and Xj at mass 28,
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Fig.5. Spcctrum of a simple gas mixture.

Cracking patterns, relatlve and absolute scnsitivitics for magnetic deflection instrumcents arc very reproducibile and for the
aceurncics ~v 10 communly required in vacuum studics it should be sufficient to use the manufacturers® data such as given in
Tabte 2,

TABLE 2. [lclative sensitivities for some common gases on a 1 em 1802 mass spectrometer

Gas: Il2 le Cll4 1,0 Ne co Ng Oy A CQOy kr ¥e lig
Relative 1,
0.700 .21 1.08 1.17 0.24 t.09 1.00 0,62 1,16 0.90 ¢ B0 1.5G 1.30

Scnsitivily

For greater accuracy than 105 the mass spectromeler should be individually callbrated.

IBENTIFICATION OF QRGANIC VAPOURS.  Detailed and comprehersive tables of eracking patterns have been catatogued for
many thousands of chemical compounds and k[ a complete spectrum of an unknown material is available Its eracking patlers
may be computed and comparved with an appropriate cutabogue.  The work tavolved may however be tedious and the answer
unecrtain H the unknnwn spectrum la nnt duc to gingle pure compownd.

An allernative andsimpler appreach proposed by Cralg ef 8l @ Is to usc & fow resolving power (20 to 40)and ohtain finperprint’
spectra such as fhown in Fig, 6. Such pimplificd spectra, once initially identified, are quickto recognise agiin and areadeguate
for most vacuum investigations where the main problem is usually to identily the major ovjnic coulaminant aed ertabliish its
approximalte pavtial pressue.



