UNIVERSTY OF WATERLOO

Physics 360/371 — Experiment 13
M ass Spectrometer Gas Analyser

A commercid resdud quadrupole gas andyser is used to accomplish the mass spectrometric
andyss of severd gases.

The Vacuum Sysemt A conventiond vacuum sysem is used to provide the necessary vacuum
to operate the mass spectrometer. See page 2 for schematic.  The ingrument must not be
operated a pressures higher than 102 Torr. The pump down and shut down procedures for the

vacuum sysem are mogt important. See pages 4 and 5. All operations must be done in the order
given.

Caution - to prevent unnecessary contamination of the mass spec head: () the cold trap should
be N2 filled whenever H.V. vave is open. (b) close H.V. vave for periods over 1/2 hour ® that
the ingrument will not bein use. Turn quadrupole spectrometer to sandby.

The Mass Spectrometer: The Quadrupole technicd information manua provides a description
of the mass spectrometer and its ion source.  This Quadrupole Spectrometer is cgpable of a
scanning from O to 64 aomic mass units. See page 7 for outline of scan parameters.

The Experiment:

(a) Follow outline on pages 4 and 5 (deps 1 and 2) to put the vacuum system in the operaing
condition.

(b) Setting up the mass spectrometer scan.  Use the OMGO64 Mass Spectrometer Outline
(page 6).

Note that default vaues are present on turning the spectrometer on. Set up a suitable scan
(fird mass, width, range and speed) by pressng FUNCT until the desred function is
indicated and st the vdue with the numeric or +/- keys. Press MODE to get back to the
measurement mode. Pushing the scan button starts or stops scan. Be sure to manualy lift
the recorder pen before scan ends. Recorder ranges should not be adjusted!

(c) When plotting spectra — do a background run on the resdud gas in the system before
introducing the sample ges.

The background should be plotted a the bottom of the page the man scan is then plotted
with avertica offset of about 1/2 inch. There is no need to otherwise adjust the recorder.

(d) Plot Spectra for the following gases. Air, nitrogen, argon, neon, CO,, and the unknown
gases provided. See page 6 for gas handling ingructions.



(e) You should compare your mass spectra of known gases with those given in Compilation
of Mass Spectral Data, 2nd edition by Cornu and Massot (Heyden & Son, 1975). In this
reference, spectrd pesk heghts for a standard ion source are given. You may dso
identify your unknowns this way. You should check the Neon isotopic ration by
comparing your result with that of the nuclear chart on the wal in the lab entrance.

(f) Follow outline on page 5 for shutting down the vacuum system.



Codes

V1-forelinevalve
V2-roughing valve
V3-fordinerelief valve
V5-— sample pump valve

Schematic: TheVacuum System

V6—manifold relief valve
V7—main cylinder valve
V8- control valve

G- sample pressure gauge
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Operating the Vacuum System
1. Starting up from shut down condition

(@ The dtate of system should be st as follows:

roughing vave - closed

H.V. reief vave - closed

fordinerdief vave - closed

H.V. vave (Throttle valve) - closed

fordinevave - closed

samplegasvave - closad (do not over tighten thisvave: itisa
precison needle/shut off combination valve)

pumps and gauges - off

(b) Turn on Rrani gauge.
(©) Sart fore pump. (Rotary #1)
(d) When Rrani gauge reading drops to 100 millitorr, open fordine vave V1.

(& When the Frani pressure drops to 100 millitorr or lower turn on the diffuson pump (switch
up to hegter/fan pogtion).

(f) Wait 20 minutes — fill cold trgp with liquid nitrogen.

Obsarve peiodicdly to ensure liquid nitrogen is mantaned in trap. Vacuum sydem is now in
gtandby condition.

2. To Changefrom standby to oper ating condition

(@ Theinitid date of vavesetc., isasfallows

roughing vave - closed
H.V. rief vave - closd
fordinerdief vave - closed
H.V.vdve - closd
fordinevave - closed
gas sample vave - closed
fore pump (rotary #1) - closed
diffuson pump - closd
Arani gauge - closed
Cold Trap - N2 filled

(b) Closefordinevave V1. (ssenotel, page 5)



(©) Open roughing vave V2, obsave Frani gauge — It may or may not rise quickly to near
amospheric pressure depending upon initid chamber conditions but should drop to < 100
millitorr.

(d) Closeroughing vaveV2.

(e Open fordine vave Vi quickly and then open H.V. vadve dowly — obsarving Firani gauge.
Do not alow pressure to rise above 100 millitorr (see note LI). Turn on Penning gauge.

(f) When the Penning gauge comes down to ™ 10™ Torr, you may use the mass spectrometer.

Note | - Fordine vave should not be closed for more than severd minutes.

Note Il - Pressure should return to origind reading very quickly, if it does not, reclose H.V. and
get assigtance.

| Vacuum System is Now in Operating Condition.|

3. Shutting system down to standby condition.
(@ Turn off Penning gauge and mass spectrometer.
(b) Ensure gas samplevaveis dosad. Open manifold relief vave V6.

(©) Open the sample pump severd seconds to purge the manifdd of sample gas Close manifold
reief vave V6. Close sample pump vave. Turn off sample pump. (Rotary #2)

(d) Clos=H.V. vave Note thet fordine vave is dill open and roughing vaveis closed.

(© Any Nzremaining in the cold trgp will gradudly evaporate

The system is now back in the sandby condition.



GasHandling Ingructions

1. Introduction of gas samplesfor spectra analysis.

(8 Connect rubber tube from sample cylinder to gas sample manifold.

(b) Start sample pump (rotary #2) and open V5.

(c) Obsarve vacuum gauge (on manifold) to ensure vacuum is atained. = 28" Hg
(d) Shut sample pump vave (V5), leaving rotary pump #2 on.

Note: You arenow ready to introduce sample gasto system.

2. Proceed asfollows — carefully —

(@) Open the main vave on cylinder V7. Under no circumstances is the secondary pressure
ddivery vave to be adjusted.

(b) Open control valve V8 (black plagic lever type vave) atached to rubber tube to dlow
gas into manifold.

(c) Gauge on manifold should read just above zero, (i.e. just aove one amosphere).

(d) Put Penning gauge to range 2 if possible.

(e) Assuming the Penning gauge is on range 2 scae, carefully open gas sample vave to rase
the pressure to gpproximatdy 2 x 10° torr. You ae now resdy to run a spectrum as
described in “Operating Ingtructions.”

(f) Maintain gas pressure as set in (€) by further opening gas sample vave if required.

(g) On completion, gently close gas sample vave,

3. Changing of Gas Samples

(a) Ensuring 2(g) above is done — remove rubber tube from gas sample cylinder (this will
dlow the gas to |leave the sample tube).

(b) Open sample pump vave V5 and run pump for severd seconds, this will purge the
meanifold with air, dose sample pump vave V5.

(c) Connect to the next sample bottle in holder, and connect the hose. Open sample pump
vave V5.

(d) Proceed as above sarting a 1(c).



OM G064 Mass Spectrometer Outline

Press MODE to sdlect a gas measuring mode

MODE STBY TOTAL H2 He H.0O N>+CO 02 Ar CO2 USER
FUNCT 0 1 2 3 4 5 6 7 8 9
From STBY to TOTAL, gaskey, or SCAN turns emission on
press FUNCT to switch from:
WIDTH - Scan width 00.00 to 63.31 (for cycle mode +- used to enable/disable each gas)
MASS - firg massin 1/32 mass units (i.e 18.14 = 18 + 14/32 mass units)
CALIB - ionization efficiencies for pressure readings (not used)
RANGE - selected from scan mode (0 to 7 correspondiing to 10 to 108 mbar full scdle)
SPEED - stan spead in scan modeffilter time congtant in gas mode (05, 1, 2, 5, 10, 20 or
50 sec/amu)
CODE - code number - code parameter




