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MULTIPOLE ION GUIDE FOR MASS 
SPECTROMETRY 

FIELD OF INVENTION 

[0001] This invention relates to the con?guration and 
method of using a multipole ion guide to transport and focus 
ions Which enter vacuum from an atmospheric pressure ion 
source, into a mass analyzer. The multipole on guide Which 
begins in one vacuum pumping stage has been con?gured to 
extend contiguously through one or more subsequent 
vacuum stages. Multipole ion guides are used to ef?ciently 
transfer ions through one or more vacuum stages While 
allowing the neutral background gas to be pumped aWay. 
The AC frequency and AC and DC voltages Which are 
applied to the poles of a multipole ion guide can be set so 
that the multipole ion guide Will pass a selected range of ion 
mass to charge. The ion transmission properties of multipole 
ion guides can be used to enhance performance of speci?c 
mass analyZer types Which are interfaced to atmospheric 
pressure ion sources. 

BACKGROUND OF THE INVENTION 

[0002] Atmospheric pressure ion sources (API) have 
become increasingly important as a means for generating 
ions used in mass analysis. Electrospray or nebuliZation 
assisted Electrospray (ES), Atmospheric Pressure Chemical 
IoniZation (APCI) and Inductively Coupled Plasma (ICP) 
ion sources produce ions from analyte species in a region 
Which is approximately at atmospheric pressure. The ions 
must then be transported into vacuum for mass analysis. A 
portion of the ions created in the API source are entrained in 
the bath gas API source chamber and are sWept into vacuum 
along With a the bath or carrier gas through an ori?ce into 
vacuum. Mass spectrometers (MS) generally operate in a 
vacuum maintained at betWeen 10'4 to 10'10 torr depending 
on the mass analyZer type. The gas phase ions entering 
vacuum from an API source must be separated from the 
background carrier gas and transported and focused through 
a single or multiple staged vacuum system into the mass 
analyZer. Variations in vacuum system and associated elec 
trostatic lens con?gurations have emerged in API/MS sys 
tems. Where multiple pumping stages have been employed, 
the electrostatic lens elements have been con?gured to serve 
as restricted ori?ces betWeen vacuum stages as Well as 
providing ion acceleration and focusing of ion into the mass 
analyZer. Performance tradeoffs may occur Where electro 
static lenses must also accommodate restricting the neutral 
gas transmission from one pumping stage to the next. For 
example, a skimmer placed betWeen one pumping stage and 
the next may restrict the neutral gas ?oW but may also 
restrict the passage of ions as Well due to its relatively small 
ori?ce. TWo types of Electrostatic elements have been used 
to transport and focus ions in vacuum, particularly Where 
ions are entering vacuum from atmospheric pressure through 
a free jet expansion. The ?rst is a static voltage lens and the 
second is a dynamic ?eld ion guide. The most effective lens 
con?gurations used in API/MS systems employ a judicious 
combination of both elements Which have static and 
dynamic ?elds applied. 

[0003] The ?rst electrostatic lens type has a ?xed or static 
DC voltage applied during the time an ion is traversing the 
lenses’ ?eld. FIG. 1 is a diagrammatic representation of a 
four pumping stage API/MS system With static voltage 
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electrostatic lenses. Gas emerging from the capillary exit 8 
into vacuum expands as a supersonic free jet and a portion 
of the gas passes through the ?rst 10 and second 14 skimmer. 
Skimmers betWeen pumping stages typically have small 
ori?ces to restrict the neutral gas ?oW into each doWnstream 
vacuum stage. DC voltages are applied to the capillary exit, 
skimmers and other electrostatic lenses 9, 14, 15, 16 and 17 
With values set to maximiZe the ion transmission into the 
mass spectrometer. Ions entrained in the expanding gas 
folloW trajectories that are driven by a combination of 
electrostatic and gas dynamic forces. Strong in?uence from 
the gas dynamics can extend up to and beyond the second 
skimmer 13 for the con?guration shoWn in Figure one. The 
ef?ciency of ion transmission through a static voltage lens 
set can be reduced by scattering losses due to collisions 
betWeen ions and the background gas Which occur along the 
ion trajectory. Ions With different m/Z may vary their colli 
sional cross sections and hence experience different numbers 
of background collisions as they are transported through 
vacuum. For a given electrostatic lens voltage setting the 
ef?ciency of ion transport into the mass spectrometer may 
vary With m/Z or the collisional cross section. Changing the 
lens voltage values may optimiZe transmission for a given 
ion species but the setting may not be optimal for another ion 
species transmission. For example static lens con?gurations 
used in API/MS applications may not transmit loWer 
molecular mass compounds as ef?ciently as higher molecu 
lar mass compounds. The smaller ions may sustain higher 
transmission losses due to collisional scattering from the 
background gas than the higher molecular mass compounds. 
To increase ion transmission efficiency through a static lens 
stack, the electrostatic energy must be set suf?ciently high so 
that ions can be driven through the background gas. Static 
voltage lens con?gurations also tend to focus ions of dif 
ferent energy at different focal points. If the focal point is not 
located at the mass spectrometer entrance transmission 
losses can occur. To overcome the mass to charge transmis 
sion discrimination effects and ion transport inef?ciencies 
Which occur When static voltage lenses are used, multipole 
dynamic ?eld ion guides have been employed to transport 
ions through vacuum pumping stages in the vacuum region 
of API/MS systems. The dynamic electrostatic ?elds Within 
a multipole ion guide dominate over the background gas 
scattering collisions and effectively “trap” the ions While 
they traverse the length of the multipole ion guide. 

[0004] The use of multipole ion guides has been shoWn to 
be an effective means of transporting ions through vacuum. 
Publications by Olivers et. al. (Anal. Chem, Vol. 59, p. 
1230-1232, 1987), Smith et. al. (Anal. Chem. Vol. 60, 
p.436-441, 1988) and US. Pat. No. 4,963,736 (1990) have 
reported the use of a quadrupole ion guide operated in the 
AC-only mode to transport ions from an API source into a 
quadrupole mass analyZer. US. Pat. No. 4,963,736 describes 
the use of a multipole ion guide in either vacuum pumping 
stage tWo of a three stage system or in the ?rst pumping 
stage of a tWo stage vacuum system. This patent also reports 
that increasing the background pressure up to 10 millitorr in 
the vacuum stage Where the ion guide Was positioned 
resulted in an increase in ion transmission ef?ciency and a 
decrease in ion energy spread of ions transmitted. Ion signal 
intensity decreased for higher background pressures in the 
reported quadrupole con?guration. A commercially avail 
able API/MS instrument manufactured by Sciex, a Canadian 
company, incorporates a quadrupole ion guide operated in 
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the AC-only mode located before the quadruple mass ?lter 
in a single stage vacuum system. Ions and neutral gas 
?owing into vacuum through an ori?ce in the API source 
enter the quadrupole AC-only ion guide. The ions are 
trapped from expanding in the radial direction by the AC 
quadrupole ?elds and are transmitted along the quadrupole 
ion guide rod length as the neutral gas is pumped aWay 
through the rod spacing. Ions exiting the quadrupole ion 
guide are focused into a quadrupole mass ?lter located in the 
same vacuum chamber. Neutral gas is pumped aWay by a 
high capacity and relatively expensive cyro pump. Multiple 
quadrupole ion guides have been used to transport ions from 
API sources through multiple vacuum pumping stages and 
into a Fourier-Transform Ion Cyclotron Resonance mass 
analyZer. Beu et. al. (J. Am. Soc. Mass Spectrom vol. 4. 
546-556, 1993) have reported using three quadrupole ion 
guides operated in the AC-only mode located in three 
consecutive vacuum pumping stages of a ?ve pumping stage 
Electrospray Fourier-Transform Ion Cyclotron Resonance 
(FT-ICR) mass spectrometer instrument. The multiple 
pumping stages are required to achieve operating pressures 
in the mass analyZer of less than 2x10“9 torr. Ori?ces 
mounted in the partitions betWeen each vacuum pumping 
stage Which restricted neutral gas conductance from one 
pumping stage to the next Were located betWeen consecutive 
quadrupole ion guides. 
[0005] Over the past feW years as API/MS system design 
has evolved, higher performance With loWer system cost has 
been achieved by using multiple vacuum stages to remove 
the background gas from the ions Which enter from atmo 
spheric pressure into vacuum. The type of mass analyZer to 
Which an API source is interfaced places its unique demands 
on the ion transport lens con?gurations and vacuum require 
ments in the ion transport region betWeen atmospheric 
pressure and the mass analyZer. Each mass analyZer type has 
an acceptable ion energy, ion energy spread and entrance 
angular divergence Which the upstream ion transport lens 
system must satisfy When delivering ions to the entrance of 
a mass spectrometer. For example, a quadrupole mass ana 
lyZer can accept ions With axial translational energy gener 
ally beloW 40 electron volts Whereas a magnetic sector mass 
spectrometer requires ions With thousands of volts of axial 
translational energy. 

[0006] In the present invention, a multipole ion guide is 
con?gured to increase the overall sensitivity of an API/MS 
system While reducing instrument cost and complexity. In 
one embodiment of the present invention, a multipole ion 
guide is used to transport ions entering vacuum from an API 
source to non-dispersion type mass analyZers. Arange of ion 
mass to charge (m/Z) can be ef?ciently transmitted through 
a multipole ion guide provided the ion guide operating 
stability region is set to pass those values of m/Z. If an ion 
With a given mass to charge ratio falls Within the operating 
stability region set for a multipole ion guide, the ion Will be 
effectively trapped from drifting to far in the off axis 
direction but is free to move in the direction of ion guide 
axis. If the ion m/Z falls outside the stability region, it Will 
not have a stable trajectory and Will be rejected from the ion 
guide before it reaches the exit end. Collisions betWeen an 
ion and the background gas Within the multipole assembly 
can also effect the ion trajectory and the ion kinetic energy 
as it passes through the multipole ion guide. The background 
gas, if present at high enough pressure, may serve, through 
collisions, to damp the motion of ions as they pass through 
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the multipole ion guide, cooling their kinetic and thermal 
energy. This aids in forming an ion beam Which exits the 
multipole ion guide With reduced energy spread for a given 
ion species Within the beam. The range of m/Z Which are 
transmitted through a multipole ion guide for a given 
background pressure environment can be varied by adjusting 
the AC frequency and AC and/or a DC voltage Which can be 
applied With alternate polarity to each adjacent rod. The 
offset potential of the multipole lens, that is the DC voltage 
applied uniformly to all the rods on Which the AC and 
alternate polarity DC rod potentials are ?oated and refer 
enced is one variable that can to be used to set the energy of 
ions transmitted through the multipole ion guide. Multipole 
ion guides can be con?gured to efficiently transport ions 
through a Wide range of vacuum pressures. The ability of a 
multipole ion guide to deliver and ion beam With loW energy 
spread and Where the mean energy and m/Z range can be 
adjusted into a mass analyZer can be used to improve the 
performance of an API/Time-Of-Flight, API/Ion Trap and 
API/FT-ICR mass spectrometer systems. 

[0007] Another embodiment of the invention is the incor 
poration of a multiple vacuum pumping stage multipole ion 
guide into an API/MS system. A multiple vacuum pumping 
stage multipole ion guide is a multipole ion guide Which 
begins in one pumping stage and extends contiguously 
through one or more additional vacuum pumping stages of 
a multiple pumping stage system. Multipole ion guides 
Which are located in only one vacuum pumping stage of a 
multiple pumping stage system must deliver the ions exiting 
the ion guide into an aperture With static voltage applied. If 
background pressure is high enough to scatter the ions after 
the multipole ion guide exit or the aperture to the next 
pumping stage has a smaller diameter than the ion beam 
cross section, losses in ion transmission can occur. If indi 
vidual multipole ion guides are located progressively in the 
?rst feW pumping stages of an API/MS system, ion trans 
mission losses can occur When transferring ions betWeen 
pumping stages. If feWer pumping stages are used to reduce 
the ion transmission losses betWeen pumping stages, the 
total gas How and hence the total number of ions Which can 
be delivered to vacuum may be compromised. Over 95% ion 
transmission ef?ciency can be achieved through multiple 
vacuum pumping stages using multipole ion guides con?g 
ured to extend contiguously through tWo or more vacuum 
pumping stages. A multiple vacuum stage multipole ion 
guide must be con?gured serve as an ion guide With an 
internal open area small enough to minimiZe the neutral gas 
?oW from one pumping stage to the next. Xu at. el. (Nuclear 
Instr. and Methods in Physics Research, Vol. 333, p. 274, 
1993) have developed a hexapole lens Which extends 
through tWo vacuum pumping stages to transport ions 
formed in a helium discharge source operated in a chamber 
maintained at 75 to 150 torr of pressure through tWo vacuum 
pumping stages into a faraday cup detector. The discharge 
ion source delivered ions into a tWo stage vacuum system 
through an ori?ce in the end Wall of the source chamber. The 
background pressure in the ?rst vacuum pumping stage Was 
600 millitorr and the second vacuum stage background 
pressure Was 98 millitorr. Ion transmission ef?ciencies 
through the hexapole ion guide beginning in vacuum stage 
one and extending unbroken into vacuum stage tWo 
approached 90% for 0;. The helium discharge ion source 
background pressure in this apparatus Was 5 to 10 times 
beloW atmospheric pressure and helium Was used as the 
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background gas. Different con?guration and performance 
criteria exist for multiple pumping stage multipole ions 
guides incorporated into an API/MS system than Were 
required for the ion guide application described by Xu and 
coWorkers. Multipole ion guides incorporated into API/MS 
systems must have the capability of efficiently transmitting 
ions of various charge states over a Wide range of mass to 
charge. Nitrogen, not helium, is typically used as carrier gas 
in API sources and the background pressures in API/MS 
multiple vacuum stage systems are often Widely different 
from the pressures reported in the ion guide apparatus 
reported by Xu. An added constraint imposed on API/MS 
systems Which Was not present in the non API/MS applica 
tion practiced by Wu et. al. is the ability to fragment 
molecular ions by Collisional Induced Dissociation (CID) in 
the gas expansion region in the ?rst tWo vacuum stages. 
Valuable structural information can be obtained from CID of 
molecular ions produced in ES and APCI sources. CID 
conditions can be set by adjusting relative potentials 
betWeen static voltage lenses and even the DC offset poten 
tials of multipole ion guides located in the ?rst tWo vacuum 
pumping stages of a API source. 

[0008] In the present invention, multiple pumping stage 
multipole ion guides are con?gured to maximiZe perfor 
mance of API/MS systems While reducing system vacuum 
pump cost. Increasing signal sensitivity While loWering 
vacuum pumping cost is achieved by maximiZing the ion 
transfer ef?ciency from the API source into the mass ana 
lyZer While minimiZing the amount of neutral gas trans 
ferred. For the multiple pumping stage multipole ion guides 
Which begin in one vacuum pumping stage and extend 
through one or more subsequent pumping stages, the rod 
diameter and rod spacing in the multipole ion guide assem 
bly Were con?gured small enough to minimiZe the trans 
mission of neutral gas through the ion guide into doWn 
stream pumping stages. Acceptable vacuum pressure per 
pumping stage Was be achieved With moderate capacity 
vacuum pumps. The ion guide With a small inner diameter 
Was con?gured to alloW suf?cient conduction of neutral gas 
through the spaces betWeen the rods or poles so the neutral 
gas Was pumped aWay ef?ciently in each pumping stage. 
The small multipole ion guide inner diameter produced an 
ion beam With a proportionally small cross section. The 
smaller cross section ion beam focused into the mass ana 
lyZer alloWed the reduction of the mass analyZer entrance 
aperture Without compromising ion transmission ef?ciency. 
Ef?cient ion transport, better control of ion energy and 
energy spread and a small beam diameter is achieved by 
using a multiple vacuum pumping stage multipole ion guide. 

SUMMARY OF THE INVENTION 

[0009] In accordance With the present invention, an Atmo 
spheric Pressure Ion source Which includes Electrospray or 
nebuliZation assisted Electrospray, Atmospheric Pressure 
Chemical IoniZation and Inductively Coupled Plasma ion 
sources interfaced to a mass analyZer incorporates a multi 
pole ion guide in the vacuum pumping region betWeen the 
API source and the mass analyZer. 

[0010] In one embodiment of the invention, the API/MS 
system includes multiple vacuum pumping stages and a 
multipole ion guide Which begins in one vacuum pumping 
stage and extends contiguously through tWo or more vacuum 
pumping stages. The multipole ion guide inner diameter is 
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reduced to minimiZe the neutral gas conduction betWeen 
vacuum pumping stages While alloWing the ef?cient trans 
port of ions through the multipole ion guide length. At least 
one portion of a multiple vacuum stage multipole ion guide 
is subject to background gas pressures Which are high 
enough that the ions traversing the ion guide length are 
subject to many collisions With neutral background gas 
molecules. Ion transmission ef?ciencies through such mul 
tipole ion guide assemblies can exceed 95% even With 
background pressures in a given vacuum pumping stage of 
hundreds of millitorr. Collisions betWeen the ions and the 
background neutral Was in the multipole ion guide cause 
cooling of the ion kinetic energy, reducing the ion energy 
spread. The AC ?eld of the multipole ion guide traps ions 
Within a radial cross section and prevents scattering losses of 
the ions undergoing collisions With the background gas as 
the ions traverse the ion guide length. The energy of the ions 
exiting the multipole ion guide relative to the mass analyZer 
entrance aperture potential can be set by varying the mul 
tipole ion guide DC offset potential. With suf?cient ion 
kinetic energy cooling in the ion guide, ion energy can be 
adjusted over a Wide range With little change to the ion 
energy spread for a given m/Z. Ions With mean energies of 
a feW electron volts or loWer can be transmitted into the 
mass analyZer entrance aperture by using multiple vacuum 
pumping stage multipole ion guides. LoWer energy ions With 
a narroW energy spread transmitted into quadrupole mass 
analyZers Will result in higher sensitivity for a given reso 
lution than can be achieved With higher energy ions. 
Increased sensitivity and resolution can be achieved by 
using multiple vacuum pumping stage multipole ion guides 
With reduced vacuum system costs for quadrupole, time-of 
?ight, ion trap, FT-ICR and magnetic sector mass spectrom 
eters. 

[0011] When operating multipole ion guides in the AC 
only mode or With AC and DC applied to the poles, the 
frequency and voltage levels can be set so that a broad range 
of m/Z ions Will be transmitted through the multipole ion 
guide. The AC frequency and AC and DC voltages can also 
be set to restrict the range of m/Z values that Will be 
transmitted through the multipole ion guide for a given 
background pressure environment. NarroWing the range of 
m/Z values transmitted to the analyZer of a TOF mass 
spectrometer can be used to increase the duty cycle and 
hence sensitivity of an API/T OF mass spectrometer instru 
ment. Limiting the range of m/Z for ions transmitted into an 
ion trap or the analyZer cell of an FT-ICR mass spectrometer 
instrument can reduce the effects of space charging in the 
trap or FT-ICR cell during mass analysis. This can improve 
the mass measurement accuracy, resolution and dynamic 
range of the mass analyZer. 

DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 is a diagram of a four vacuum stage ES/MS 
quadrupole instrument With a static lens con?guration incor 
porated into vacuum stages 1 through 3. 

[0013] FIG. 2 is a diagram of a four vacuum stage ES/MS 
quadrupole instrument With a multipole ion guide beginning 
in the second vacuum pumping stage and extending con 
tiguously into the third pumping stage. 

[0014] FIG. 3a shoWs the transmission ef?ciency of ions 
through a tWo vacuum stage multipole ion guide for m/Z 110 
over a range of values for qn. 
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[0015] FIG. 3b shows the transmission efficiency of ions 
through a tWo vacuum stage multipole ion guide for m/Z 872 
over a range of values for qn. 

[0016] FIG. 3c shoWs the transmission ef?ciency of ions 
through a tWo vacuum stage multipole ion guide for m/Z 
1743 over a range of values for qn. 

[0017] FIG. 4 is a mass spectrum of Glucagon With the 
tWo vacuum pumping stage multipole ion guide qn value set 
to pass a Wide range of m/Z values. 

[0018] FIG. 5a is an Electrospray mass spectrum of 
Arginine Where the multipole ion guide qn value is set to 
pass a broad range of m/Z values. 

[0019] FIG. 5b is a mass spectrum of Arginine Where the 
multipole ion guide qn value is set so that a loW m/Z cutoff 
ion transmission occurs. 

[0020] FIG. 6a is an Electrospray mass spectrum of 
Gramicidin S Where the multipole ion guide qn value is set 
to pass a broad range of m/Z values. 

[0021] FIG. 6b is a mass spectrum of Gramicidin S Where 
the multipole ion guide qn value is set so that a loW m/Z 
cutoff ion transmission occurs. 

[0022] FIG. 7a is an Electrospray mass spectrum of a 
mixture of Arginine, Leucine Enkephalin and Gramicidin S 
Where the multipole ion guide qn value is set to pass a broad 
range of m/Z values. 

[0023] FIG. 7b is a mass spectrum of a mixture of 
Arginine, Leucine Enkephalin and Gramicidin S Where the 
multipole ion guide qn value is set so that a high m/Z cutoff 
ion transmission occurs. 

[0024] FIG. 8a is a curve of ion signal for m/Z 571 versus 
the multipole ion guide exit lens potential for a multipole ion 
guide DC offset potential set at 0.1 volts. 

[0025] FIG. 8b is a curve of ion signal for m/Z 571 versus 
the multipole ion guide exit lens potential for a multipole ion 
guide DC offset potential set at 15.3 volts. 

[0026] FIG. 8c is a curve of ion signal for m/Z 571 versus 
the multipole ion guide exit lens potential for a multipole ion 
guide DC offset potential set at 25.1 volts. 

[0027] FIG. 9 is a spectrum of a doubly charged Grami 
cidin S peak scanned With the multipole ion guide offset 
potential set at 0.1 volt. 

[0028] FIG. 10 is a diagram of a four vacuum stage 
ES/MS Time-OF-Flight instrument With orthogonal pulsing 
including a multipole ion guide beginning in the second 
vacuum pumping stage and extending into the third vacuum 
pumping stage. 

[0029] FIG. 11 is a diagram of a three vacuum stage 
ES/MS ion trap instrument With a multipole ion guide 
beginning in the ?rst vacuum stage and extending through 
the second and into the third vacuum pumping stages. 

[0030] FIG. 12 is a cross section of a hexapole ion guide 
including the electrically insulating mounting bracket. 

[0031] FIG. 13 is a diagram of a three vacuum pumping 
stage API/MS ion trap instrument With a single pumping 
stage multipole ion guide located in the second vacuum 
stage. 
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[0032] FIG. 14 is a diagram of a four vacuum pumping 
stage API/orthogonal pulsing TOF mass spectrometer instru 
ment With single vacuum stage multipole ion guides located 
in the second and third vacuum stages. 

DESCRIPTION OF THE INVENTION 

[0033] Sample bearing liquid is introduced into atmo 
spheric pressure ioniZation sources including ES, APCI and 
ICP sources and gas phase ions are produced from the 
analyte in solution. API/MS systems are available Which 
include from one to over ?ve vacuum pumping stages. An 
Electrospray ion source interfaced to a quadrupole mass 
spectrometer is diagrammed in FIG. 1. The system shoWn 
includes four vacuum pumping stages and a static voltage 
lens con?guration to transfer ions through the ?rst three 
pumping stages and focus them into the entrance of qua 
drupole mass spectrometer 18. In the con?guration shoWn, 
sample bearing liquid is introduced through needle 1 and is 
Electrosprayed into the bath gas in chamber 2. Liquid 
droplets evaporate in chamber 2 or as they are sWept into 
vacuum through capillary 3 and ions are released from the 
evaporating droplets. The charged liquid droplets can be 
dried by using a countercurrent drying gas 23 and/or a 
heated capillary 3. Aportion of the ions and charged droplets 
formed in electrospray chamber 2 enter the capillary 
entrance 4 along With a portion of the background bath gas 
and are sWept into vacuum through the capillary annulus 5. 
Alternatively the capillary ori?ce into vacuum could be 
replaced by a noZZle With appropriate ori?ce siZe. The bath 
or carrier gas and entrained ions are sWept through the 
capillary and enter the ?rst vacuum stage 7 after passing 
through the capillary exit 8. The pressure in vacuum stage 7 
is generally maintained betWeen 0.4 and 20 torr so the gas 
exiting the capillary expands in a supersonic free jet. The 
ions entrained in this free jet are accelerated by collisions 
With the expanding background gas. The background gas 
used is usually nitrogen but may be also be carbon dioxide, 
oxygen, helium or any number of other gases Which suit the 
analysis requirements and ion source type. An electrostatic 
?eld is applied betWeen the capillary exit 8, the ring lens 9 
and the ?rst skimmer 10 to electrostatically focus and 
accelerate ions through the skimmer 10 ori?ce 11 and on into 
the second vacuum stage 12. Vacuum stage 12 is typically 
operated at a pressure ranging from 5 to 200 millitorr 
depending on pumping speeds and the siZe of skimmer 
ori?ce 11. Electrostatic potentials are maintained betWeen 
skimmers 10 and 13 and a portion of the ions passing 
through skimmer 10 are focused through ori?ce 22 in 
skimmer 13 into the third vacuum pumping stage 20. Pres 
sure in pumping stage 20 is maintained typically betWeen 
1><10 to beloW 8x10‘5 torr. Potentials are set on electro 
static lens elements 14, 15 and 16 to focus ions through 
aperture 17 after Which they pass into the quadrupole mass 
?lter 18 located in the fourth pumping stage 24. 

[0034] The static voltage lens system shoWn in FIG. 1 
transmits and focuses ions through the vacuum stages and 
into the mass analyZer While alloWing the background gas to 
be pumped aWay. The ion energy relative to the quadrupole 
mass ?lter offset voltage is established by a combination of 
acceleration energy imparted by the expanding carrier gas 
and the electrostatic potentials applied. The capillary exit 8 
potential relative to the ring electrode 9 and skimmer 
electrode 10 can be set high enough to cause Collisional 
Induced Dissociation (CID) Which can affect the energy and 
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energy spread of the parent and fragment ions. Ion trans 
mission losses can occur in each pumping stage due to 
scattering from background pressure and the inability to 
electrostatically focus ions through the pumping stage skim 
mer ori?ces 11 and 22 and the quadrupole entrance aperture 
17. To achieve the desired pressures per pumping stage 
While constraining the vacuum pumping speeds to fall below 
800 L/sec to reduce the vacuum pump cost and siZe, 
skimmer ori?ce 11 in this con?guration Would typically 
have a diameter of 0.8 to 1.5 mm and skimmer ori?ce 22 
may range from 0.8 to 3.0 mm. The smaller the skimmer 
ori?ce siZe the feWer the number of ions that can be 
transmitted through this static lens con?guration. The higher 
the energy spread for ions of a given m/Z and the larger the 
energy difference for ions With different m/Z, the feWer the 
ions that can be efficiently focused into the mass spectrom 
eter and effectively mass analyZed. Depending on vacuum 
pressures maintained during operation, the static lens con 
?guration shoWn may exhibit different transmission ef?cien 
cies for different m/Z values. Also, With static voltage lens 
systems, ion transmission ef?ciency drops off rapidly as the 
ion energy is reduced beloW 10 electron volts. 

[0035] To improve ion transmission performance yet 
retain the advantages of multiple pumping stages to more 
cost effectively remove neutral gas, a multipole ion guide 
has been used, replacing some of the static voltage lenses. 
FIG. 2 illustrates a multipole lens assembly 40 Which begins 
in vacuum pumping stage 41 and extends unbroken into 
vacuum pumping stage 42. Individual rods or poles 45 in 
assembly 40 are held in place and electrically isolated from 
the partition betWeen vacuum pumping stage 41 and 42 by 
insulator 43. A cross section of a hexapole ion guide is 
illustrated in FIG. 12 With insulator 156 serving the dual 
purpose of holding the six rods or poles 160 in position 
While minimiZing the effective aperture area inside the rods 
assembly diameter through Which neutral gas ?oWs and ions 
are transmitted from one pumping stage to the next. Multi 
pole ion guide assembly 40 consists of parallel electrodes 45 
in FIG. 12 shoWn as round rods 160 equally spaced With a 
common radius from the centerline. An octapole ion guide 
Would have eight equally spaced rods and a quadrupole 
Would have four equally spaced rods or poles. When mul 
tipole ion guide 40 is operated in the AC-only mode, every 
other rod has the same AC frequency, voltage and phase and 
every adjacent rod has the same AC frequency and voltage 
applied but a phase difference of 180 degrees. So for a 
hexapole ion guide, three rods or poles Would be operated 
With the same AC frequency, voltage and phase and the same 
AC frequency and voltage With a phase difference of 180 
degrees Would be applied to the remaining three rods. ADC 
offset voltage is applied to all rods 45 of the multipole ion 
guide 40 and plays a large role in establishing the ion energy. 
The multipole ion guide DC offset potential is set to focus 
ions passing through skimmer 47 ori?ce 48 into the multi 
pole ion guide. The kinetic energy of the ions entering 
multipole ion guide 40 has contributions from the velocity 
imparted by the expanding gas exiting capillary exit 50, the 
relative electrostatic DC potentials applied to capillary exit 
50, ring lens 51, skimmer 47 and the multipole rod 40 DC 
offset potential as Well as any AC voltage component from 
fringing ?elds as ions enter multipole ion guide 40. Static 
voltage lens elements may be added at the exit end 52 of the 
multipole ion guide to focus ions into the mass analyZer 
entrance 47. Lens 53 is positioned at exit 52 of multipole ion 
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guide 40 to shield the exiting ions from the multipole AC 
voltage fringing ?elds and to focus the ions into the mass 
analyZer entrance aperture 47. The ef?ciency of ion transport 
through this tWo pumping stage multipole ion guide 40 is 
over 95% for a Wide range of ion m/Z values. Ion transmis 
sion ef?ciencies Were determined by measuring the total ion 
current Which passed through skimmer ori?ce 48 and by 
measuring the total ion current exiting multipole ion guide 
40 for the same electrospray ion source operating condi 
tions. 

[0036] The performance characteristics of the tWo vacuum 
pumping stage multipole ion guide 40 diagrammed in FIG. 
2 Will be used as an example although many variations in 
multiple pumping stage multipole ion guides are possible. A 
hexapole ion guide Was con?gured With rods beginning in 
vacuum pumping stage 41 and extending contiguously into 
vacuum pumping stage 42 of a four stage system as dia 
grammed in FIG. 2. For testing purposes, the background 
pressures could be varied in the ?rst and second pumping 
stages 53 and 41. With multipole ion guide 40 operated in 
the AC-only mode, the AC frequency and amplitude and the 
DC offset potentials Were varied to map out performance 
over a range of background pressures. 

[0037] A tWo vacuum stage hexapole ion guide Was cho 
sen over a quadrupole or octapole because for this four 
vacuum stage API/MS system because the hexapole con 
?guration Was the most favorable compromise betWeen 
trapping ef?ciency, vacuum pumping conduction through 
the rod spacing and overlap of stability regions for a Wide 
range of m/Z values and background pressures. TWo non 
dimensional coef?cients an and qn are commonly used When 
mapping ion trajectories in multipole ion guides or mass 
?lters by solving the Laplace equation of motion. The tWo 
coef?cients are de?ned as: 

[0038] Where n is the number of rod pairs (n=3 for a 
hexapole), U is the DC potential applied to the rods, every 
other rod having opposite polarity, m/Z is the mass to charge 
ratio of the ion traversing the multipole ion guide, co is the 
frequency applied, V is the Zero-to-peak AC potential 
applied to the rods, every other rod being 180 degrees out of 
phase, and r0 is the radius from the assembly centerline. 
When the multipole ion guide is operated in the AC-only 
mode, U is set equal to Zero so an drops out of the equation 
of motion. The DC rod offset potential applied equally to all 
rods only effects the ion trajectories entering and leaving the 
multipole ion guide 40. The offset potential should not effect 
the stability of the ion trajectories once the ions pass into the 
ion guide and are trapped Within the rods other than to 
in?uence their initial entrance trajectory. For the con?gura 
tion shoWn in FIG. 2, the background gas pressure inside the 
rod assembly varies along the multipole ion guide length and 
Will effect the ion trajectories through the ion guide. To 
theoretically model the effect of the background neutral gas 
collisions on the ion trajectory through a multipole ion 
guide, the cross section of the ions must be knoWn. The 
collisional cross sections of ions generated by API sources 
are not alWays knoWn, hoWever. In particular, the cross 




























