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Early mass spectrometer: Dempster 1918 

Recognizable components:  
• Vacuum system 
• Source 
• Mass analyzer 
• Detector 

 

Isotope studies on alkali metals 



Paul & Steinwedel 1956 DE 944900  



Isotope separators: quadrupoles on an altogether different scale! 

Finlan, Sunderland & Todd,  
Nucl. Inst & Methods, 
195 (1982), 447-456 

Von Zahn,  
Zeitschrift fur  Physik, 
168 (1962), 129-142 

r0 :  35mm 
L :   5.86 metres r0 :  13.5mm 

L :   3 metres 



Some very early quadrupole papers showed flat-topped peaks. Is 
there still room for improvement from 21st century manufacturers? 

Flat-topped peaks! 

Brubaker, 
Recent developments in Mass Spectrometry, 
Proc. Int. Conf. on Mass Spectrosc., Kyoto, 
Japan, 1969, Pub Univ. of Pank, Baltimore, 1970 
R = 1.16 R0 (for round comparison) 
L = 25.4 cm; r0 = 6.55 mm 
Hyperbolic, 1.414 MHz, 1 eV, aperture 1.27 mm 

W Paul, HP Reinhard & U von Zahn,  
Zeitschrift fur Physik,152 (1958), 143-182 



Liverpool microquadrupole mass filter 

1 

2 

Rods 0.5 mm diameter 
r0 0.22 mm 
Length 20 mm 



Typical quadrupole RGAs from c. 1982 

Anavac SX200 



Modern RGAs 



Main components of a mass spectrometer 

Main components 
can be identified in 
Dempster’s system 



Quadrupole mass spectrometer 



Inlet system 



Ion source 

Electron-impact source is the commonest. The design can be quite complex for 
analytical mass spectrometers.  
 
Filament; source electrode; extraction optics 
Source voltage; electron energy 

 
Repeller; collimating magnets 



RGA source 

For an RGA the source is of relatively 
simple construction – it resembles an 
extractor ion gauge. 



Electron energy  

Reduce electron energy to 
40eV: eliminates interferences 
due to Ar2+  
 
Better detection limit for water 
in argon 



Linearity: beware of “log-log” plots!  

Which would you rather have?  



Linearity is strongly affected by source tuning  

Set emission current 
high: may give enhanced 
sensitivity, but will 
degrade linearity. 
 
Set ion energy low: may 
improve peak shape, but 
will degrade linearity. 



Filaments 



QUADRUPOLE  

Hyperbolic electrodes to give 2D hyperbolic field. Though in practice round rods are 
often used. 

  

F(x,y,z) = F0 . (x
2 – y2)   

                          2r0
2 

 

 

Here F0 is 20V 



QUADRUPOLE  

“Saddle” shaped 3D field plot. 
 
X field is proportional to the X co-ordinate 
Y field is proportional to the Y co-ordinate.  



QUADRUPOLE  

The quadrupole structure can be used as a static device (that is, one in which the 
applied voltage F0 is constant) for steering and shaping an ion beam, with no 
mass selection. But for a mass filter, the potential F0 consists of a constant and 
an alternating component. Specifically 

F0 = U – V cos (2 p f (t-t0) )           

  

where 

  

U is the constant    (“DC”) potential 

V is the alternating (“RF”) potential 

f is the frequency of the RF supply 

t is the time 

t0 is the initial phase of the RF component 



QUADRUPOLE  

Influenced by this field, the ions travel on complex trajectories in the X and Y 
directions, with a constant drift along the Z axis. 



Ion motion in RF & DC quadrupole field 

X component of ion motion. 
  
Set DC volts.  
Vary RF amplitude. 

r0 = 2.76 mm 
F = 2 MHz 
M = 40 amu 

DC + 20V 

DC - 20V 

DC - 20V 

DC - 20V 

RF = 0 RF = 78 RF = 79

RF = 0 RF = 60 RF = 70

RF = 103 RF = 104 RF = 105

RF = 145 RF = 146 RF = 147



Stability plot 

Plot the values of RF and DC that 
give stable and unstable X 
trajectories. 

Add stability for Y trajectories (mirror 
image about DC = 0 axis).  
 
The ion motion is stable for RF and DC 
values within the region bounded by 
the four coloured lines. 



QUADRUPOLE: CONCEPTUAL MASS SPECTRA  

Mass spectra for different scan lines. The significance of the stability region 
becomes clearer when it is plotted in 
terms of V and U for a particular case. 

R0: 6 mm  f: 2x106 Hz  
(typical values for a 
quadrupole ICP-MS) 

Along V axis (RF only) 

Scan line R (constant resolution) 

Scan line W (constant resolution) 



QUADRUPOLE: SIMULATED PEAKS  

 … calculated using numerical 
integration of the Mathieu 
equation. 
 
Field radius (r0):  6 mm 
Radio frequency:  2 MHz 
Field length: 200 mm 
Input radius: 1 mm 
Exit radius: 6 mm 
Ion energy: 5 eV 
Beam divergence 5 degrees 
Ion masses 1, 2, 3, 4 & 5 amu 



Detector 

Electron multiplier 
Higher sensitivity; needs 
high voltage supply; more 
prone to calibration drift; 
not suitable for coarse 
vacuum 
 
Discrete dynode 
multiplier; SCEM; micro-
channel plate  

Faraday plate/collector 
Simple and robust.  
Electron background and/or secondary 
electron emission may be a problem 
(easily prevented). 



Outgassing and EID 

The RGA should not itself affect the vacuum composition 

• Minimise volume of components 
• Minimise “dead” volumes 
• Choice of materials 
• Bake 
• Degas 
• EID peaks 

 



Instrument control and data aquisition 

• Store/recall tuning parameters 
• Automatic tuning  
• Display eg as scanned spectrum, bar chart, 

trend etc., 
• Log/linear plots 
• Autoranging 
• Detector switching (Faraday/multiplier) 
• Calibration; units for signal display 
• MS library 
• Identify main components 

Invariably (?) controlled from PC via an interface (Ethernet, USB). This 
gives great versatility … 

But beware … 

• Automated methods can be misleading for minor constituents 
• Usually can identify main components directly from the mass spectrum 
• Need sensible operating parameters – tuning for maximum sensitivity 

or the “best” peak shape will probably not give the best analytical 
results for gas mixture analysis. 



Application to vacuum RGA  

Typically: why does the system not reach its design pressure? 

• Mass 28 & 32 approx 4:1 
indicates air leak. 

• NB sometimes mass 32 is 
much lower due to 
absorption by freshly-
baked stainless steel 
surface. Look for mass 40 
about 1% level. 

• Tune to mass 4 to leak 
check 

• Peaks at 17 & 18 indicate 
water. Bake the system 

 

• Hydrocarbons – maybe 
from pumps or 
elastomer seals 

• Mass 19 probably from 
ESD – peak persists if 
raise pole bias 

• Look for trends in long-
term monitoring 
 



SUMMARY 

• QMS: versatile – wide range of design possibilities 
 

• The fundamental design of modern instruments mostly follows 
long-established principles … 
 

• … but there is increasing interest in smaller devices 
 

• Despite its apparent simplicity, a QMS is a complex device (as is 
any mass spectrometer). Unexpected behaviour is not 
uncommon. Be prepared to study the principles of mass 
spectrometry and the QMS – especially if you need quantitative 
results. 


