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[57] ABSTRACT 

An atmospheric pressure ionization mass spectrometer 
which comprises an ion source for ionizing a sample gas. a 
low pressure region provided with a mass ?lter and a 
collector therein. a diiferential pumping region provided 
between the ion source and the low pressure region and with 
electrodes provided on the side of the ion source and on the 
side of the low pressure region, respectively, and a pressure 
gradient electrode means for dissociation and removal of 
cluster ions, as connected to the electrode on the side of the 
ion source among the electrodes provided in the ditferential 
pumping region is disclosed. 

4 Claims, 3 Drawing Sheets 
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ATMOSPHERIC PRESSURE IONIZATION 
MASS SPECTROMETER 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

BACKGROUND OF THE INVENTION 

This invention relates to an improvement in an atmo 
spheric pressure ionization mass spectrometer. and particu 
larly to an apparatus for removing cluster ions. suitable for 
e?icient removal of clustor ions giving rise to sensitivity 
lowering and spectrum complication. 
The atmospheric pressure ionization mass spectrometer is 

an apparatus very sensitive to gaseous substances and has 
now been practically utilized in the ?elds of pollution 
measurement. semiconductor production process and 
metabolite analysis. The atmospheric pressure ionization 
mass spectrometer is characterized by its high sensitivity, 
and thus it is important to eliminate factors inhibiting this 
high sensitivity. 
A conventional atmospheric pressure ionization mass 

spectrometer is shown in FIG. 1. where a sample gas 15 is 
introduced into an ion source 3 through a sample inlet pipe 
1. and a portion of the sample gas 15 is ionized under an ion 
source pressure of 1 atm. The thus formed ions are led to a 
low pressure region 9 through a differential pumping region 
6. There is a quadrupole mass analyzer 7 in the low pressure 
region 9, and the ions are separated according to the masses, 
and reach an ion collector 8. The ion current obtained at the 
collector 8 is output to a recorder 12 and a computer 14 
through an ampli?er 13. The pressure in the low pressure 
region 9 is kept at about 10-4 Pa by the working pressure of 
the quadrupole mass analyzer 7. The ditferential pumping 
region 6 is provided to connect the low pressure region 9 to 
the ion source 3 under 1 atm. and is partitioned from the ion 
source 3 under 1 atm by a ?rst aperture electrode 4 having 
an aperurre through which the ions can pass and by a second 
aperture electrode 5 having an aperture through which the 
ions can pass. 

Ionization of the atmospheric pressure ionization mass 
spectrometer is ini?ated by corona discharge at the tip end 
of a needle electrode 2 to which a high voltage is applied. 
Trace amounts of oxygen. carbon dioxide, and organic 
compounds (M) are contained in a nitrogen gas. through 
ionization as follows: 

N2 Coronadrschargg ; N2+,N+ 

N2. which is a main component in the sample gas 15, is 
ionized according to the reaction (1). but the ions formed 
according to the equation (1) undergo the following reac 
tions owing to the very short mean free path because the 
ionization is carried out under 1 atm. 

(1) 

Since the ionization potential of N4 is higher than those of 
02. C02, H2O. etc.. ions of trace components are formed in 
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2 
the nitrogen gas according to the reactions (4). (5) and (6). 
The main component ions which are not analytical objects 
are converted to trace component ions. which are analytical 
objects, as given by the reactions (4). (5) and (6). which also 
occur under 1 atm. Thus, there are many chances for the 
reactions, and a highly ei?cient ionization of the analytical 
trace components as the objects can be attained. Since these 
ions are detected in the analytical region 9 through the 
differential pumping region 6. the atmospheric pressure 
mass spectrometer can have a higher sensitivity. However. 
the following reactions occur to inhibit the higher sensitivity. 

The ions formed according to the reactions (8) to (12) are 
called cluster ions, which have the following disadvantages: 
the spectrum will be complicated. because. for example. the 
proper peak of water appears at m/z=l8. whereas cluster 
ions develop peaks at other values of mlz. for example. 
l*l2O+.N2 (m/z=46), H2O+.(N2)2 (m/z=74), etc. and S/N 
ratio will be lowered. because the properly single peak is 
divided into a plurality of peaks. Particularly. the lowering 
of SIN ratio will reduce the sensitivity. and thus the removal 
of the cluster ions is indispensable for an atmospheric 
pressure ionization mass specn'ometer. 
The prior art of removing the cluster ions. as disclosed in 

Japanese Patent Application Kokai (Laid-open) No. 
53-81289 proposes to provide a drift electric ?eld in the 
diiferential pumping region 6 in FIG. 1 to make the clustor 
ions collide with neutral molecules. thereby dissociating the 
cluster bonds. That is, a voltage is applied between the 
electrode 4 and the electrode 5 to accelerate the cluster ions 
and make them collide with the neutral molecules. The 
kinetic energy of the cluster ion is converted to the internal 
energy by the collision. and if the number of collisions is 
enough. the clustm ions will be dissociated at the weak 
bonds. 

The cluster bond energy is generally smaller than the 
chemical bond energy. Therefore the cluster bond is disso 
ciated according to the reactions (l3)—(16) and molecular 
ions are produced. In the prior art the pressure in the 
intermediate pumping region is constant (the number of 
collisions is constant). and thus the control of cluster bond 
dissociation has been so far carried out by conuolling the 
kinetic energy, that is. by controlling the voltage applied to 
the electrodes 4 and 5 (drift voltage). However. when the 
drift voltage is increased to dissociate M.H+.(H2O),I clusters 
having a larger 11 in the prior art controlling method. the 
optimum conditions for focusing the ion beams into the 
aperture of the electrode 5 cannot be obtained. and thus the 
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amount of ions to be introduced into the analytical region 9 
is reduced. When the drift voltage is not to be increased. it 
is necessary to increase the number of collisions. When the 
pressure of the differential pumping region 6 is elevated to 
increase the number of collisions. the pressure of the low 
pressure region 9 will be increased and the aperture of the 
electrode Sis liable to be fouled. This gives rise to charge-up 
and a consequential reduction in the amount of ions to be 
introduced into the low pressure region 9. These are serious 
disadvantages of the prior art. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide an 
atmospheric pressure ionization mass spectrometer, where 
the pressure in the ionization region is higher than that in the 
analytical region, which can readily and e?iciently dissoci 
ate cluster ions as a cause for the lowering of sensitivity and 
the complication of spectrum. 
The object of the present invention can be attained by 

providing a pressure-gradient electrode in a differential 
pumping region. the pressure-gradient electrode being con 
nected to an electrode partitioning the diiferential pumping 
region from an atmospheric pressure ion source, while 
providing a drift electric ?eld in the di?‘erential pumping 
region. The pressure in the diiferential pumping region is 
higher toward the ion source and lower toward the low 
pressure region. 

With this characteristic structure of the present invention, 
the number of collisions can be increased to obtain an energy 
high enough to dissociate the cluster ions. This is because 
the pressure is higher toward the ion source in the diiferen 
tial pumping region. The drift voltage can be kept to 
optimum conditions for focusing the beams. On the other 
hand. the pressure is lower toward the low pressure region 
in the dilferential pumping region. and thus the pressure in 
the low pressure region will not be increased. Furthermore. 
the electrode partitioning the di?’erential pumping region 
from the low pressure region (second aperture electrode) is 
less fouled. In the present invention. cluster ions inhibiting 
the higher sensitivity can be efficiently removed in this 
manner. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic structural view of an atmospheric 
pressure ionization mass spectrometer according to the prior 
art. - 

FIG. 2 is a schematic structural view of an atmospheric 
pressure ionization mass spectrometer according to one 
embodiment of the present invention. 

FIG. 3 is a schematic structural view of an atmospheric 
pressure ionization mass spectrometer according to another 
embodiment of the present invenn'on. 

FIG. 4 is a spectral diagram of cluster ions in an undis 
sociated state. 

FIG. 5 is a spectral diagram of cluster ions in a dissociated 
state. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The present invention will be described in detail below. 
referring to the accompanying drawings. 

FIG. 2 shows a basic structure of an atmospheric pressure 
ionization mass spectrometer. provided with a pressure 
gradient electrode in the differential pumping region. 

In FIG. 2. a sample gas 15 containing trace components 
is introduced into an ion source 3 through a sample inlet pipe 
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4 
l. The thus introduced sample gas is ionized (primary 
ionization) by corona discharge at the tip end of a needle 
electrode 2 to which a high voltage is applied. Then, charge 
transfer reaction from the main component ions having a 
higher ionization potential to trace component molecules 
having a lower ionization potential proceeds as secondary 
ionization. The ion source under 1 atm. has a short mean free 
path. so that one ion usually repeats 105 to 166 collisions 
within the ion source 3. Thus, even the trace components 
take part in the collisions substantially 100%. and the 
ionization can be carried out with a high e?iciency. At that 
time cluster ions. which inhibit the higher sensitivity of the 
atmospheric pressure ionization mass spectrometer and 
complicate the spectrum, thereby making the analysis 
disadvantageous, are also formed. The ions produced in the 
ion source 3 are introduced into the differential pumping 
region 6. Among the ions introduced into the differential 
pumping region 6, the cluster ions are dissociated by colli 
sions with neutral molecules and the resulting excitation in 
the di?’erential pumping region 6, and turn into molecular 
ions or quasi-molecular ions. That is, a drift electric ?eld is 
formed in the di?ercntial pumping region 6 by the voltage 
applied between the electrodes 4 and 5. The ions travel 
through the drift electric ?eld from the electrode 4 toward 
the electrode 5. while converting the kinetic energy to the 
internal energy through the collisions with the neutral mol 
ecules. The internal energy is thoroughly excited through 
numbers of the collisions. and the cluster bonds are ulti 
mately dissociated. A relatively large energy is required for 
conversion of cluster ions such as M.H+.(H2O),I with a 
higher n to M.H+. Such an energy can be given either by 
giving a large kinetic energy. that is, applying a high drift 
voltage, or by increasing the number of collisions. that is. 
increasing the pressure of the differential pumping region. 
However. when too high a drift voltage is applied to disso 
ciate the cluster ions, the ion beams will not be focused to 
one point, and thus will not e?iciently pass through the 
aperture of electrode 5. That is, an ion loss occurs at the 
electrode 5, and the amount of ions to be introduced into the 
low pressure region 9 is reduced, with a failure to obtain a 
higher sensitivity. On the other hand, when the pressure is 
much elevated in the diiferential pressure region 6. the 
pressure in the low pressure region will be elevated at the 
same time, and a vacuum pump 11 of higher evacuation 
capacity must be used to adjust the elevated pressure in the 
low pressure region. ‘That is, there are problems in the cost 
and the portability of the analyzer. Furthermore. the elevated 
pressure leads to fouling of the aperture of electrode 5 and 
consequent charge-up. and thus the amount of ions to be 
introduced into the low pressure region is reduced, inhibit 
ing the higher sensitivity. 

According to one embodiment of the present invention, 
the pressure-gradient electrode 16 is provided in the di?’er 
ential pumping region 6, as connected to the electrode 4, and 
takes a cylindrical or similar shape. The pressure-gradient 
electrode 16 is connected to the electrode and is open at the 
end near the electrode 5. That is, the evacuation resistance 
in the ion passage area near the aperture of electrode 4 is 
large in the di?’erential pressure region 6, and the pressure is 
increased in that area. The evacuation resistance in the area 
near the aperture of electrode 5 is not in?uenced thereby. and 
thus the pressure is not inm'eased. That is, a sharp pressure 
gradient is provided between the electrode 4 and the elec 
trode 5. Thus. the cluster ions introduced from the ion source 
3 are subjected to increased number of collisions owing to 
the increased pressure in the area near the electrode 4 in the 
di?erential pumping region 6. and can receive enough 
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energy to occasion the dissociation of clusters without 
applying a higher drift voltage. Furthermore. since the 
pressure in the area near the aperture of the electrode 5 in the 
di?erential pumping region 6 is not increased, the pressure 
in the low pressure region 9 is not in?uenced. either, and no 
fouling of the aperture of the electrode 5 occurs due to the 
pressure increase. 
The cluster ions dissociated through the foregoing cluster 

dissociating mechanism turn into molecular ions or quasi 
molecular ions. which are introduced into the low pressure 
region 9 and separated according to masses by a quadrupole 
mass analyzer 7 and turn into ionic currents at a collector 8. 
The ionic currents are output to a recorder 12 and a computer 
14 through an ampli?er 13. In this embodiment a sensitivity 
about three times higher than that of the prior art can be 
obtained 

FIG. 3 shows a moving mechanism provided in the 
pressure-gradient electrode 16 of FIG. 2. though the cluster 
dissociation mechanism is the same as shown in the embodi 
ment of FIG. 2. In this embodiment. the following effects 
can be obtained. That is. a bellows 17 is provided on the 
pressure-gradient electrode 16. and an expanding 
contracting mechanism 18 of bellows 17 can be operated 
from the outside of the vaccuum vessel, so that an optimum 
pressure gradient can be set while actually measuring the 
ions. 

FIG. 4 and FIG. 5 show spectra in the case that no cluster 
dissociation is carried out when trace amounts of ammonium 
and water are contained in a nitrogen gas and in the case that 
the cluster dissociation is carried out, respectively. That is. 
FIG. 4 shows the case of no cluster dissociation and FIG. 5 
the case of dissociation according to the present invention. 
As is obvious from FIG. 4. a peak of ammonirm (NH4+) 

properly as a single peak is distributed into a plurality of 
peaks owing to the cluster formation, reducing the S/N ratio. 
whereas in the present invention. as is obvious from FIG. 5, 
a substantially single, proper ammonium peak can be 
obtained owing to the cluster dissociation. improving the 
S/N ratio. 

According to the present invention. the cluster ions inhib 
iting the higher sensitivity of an atmospheric pressure ion 
ization mass spectrometer can be removed ty dissociation 
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without loss in the amount of ions. increase in the amount of 
a gas to be introduced into the low pressure region or fouling 
of the aperture through which the ions pass. as described 
above. and thus the higher sensitivity. which is a most 
important object in the atmospheric pressure ionization mass 
spectrometer. can be e?’ectively attained. 
What is claimed is: 
1. An atmospheric pressure ionization mass spectrometer 

comprising: 
an ion source for ionizing a sample gas; 

a low pressure region provided with a mass ?lter and a 
collector therein; 

a differential pumping region provided between said ion 
source and said low pressure region; 

?rst and second electrodes provided on one side of said 
ion source and on one side of said low pressure region. 
respectively; and 

a pressure-gradient electrode means for providing an 
[increasing] increased pressure having a gradient from 
said ?rst electrode toward said second electrode for 
dissociation and removal of cluster ions. said pressure 
gradient electrode means being connected to said ?rst 
electrode and being provided in said diiferential pump 
ing region. 

2. An atmospheric pressure ionization mass spectrometer 
according to claim 1. wherein said pressure-gradient elec 
trode means comprises a cylindrically-shaped electrode 
including a base end connected to said ?rst electrode and a 
tip end having a smaller size than that of said base end. 

3. An atmospheric pressure ionization mass spectrometer 
according to claim 2, wherein said pressure-gradient elec 
trode means is provided with an operating means for adjust 
ing the length of said pressure-gradient electrode means by 
extending said pressure-gradient electrode means substan 
tially perpendicular to said ?rst and second electrodes. 

4. An atmospheric pressure ionizan'on meass spectrometer 
according to claim 3. wherein said pressure-gradient elec 
trode means comprises an electrode having a bellows for 
adjusting the length of said pressure-gradient electrode 
means. 


