GAS CHROVATOGRAPH- MASS SPECTROVETER TRANSFER LI NE BACKGROUND [ 0001] The
I nvention relates to a heated gas sanple transfer line froma gas 5
chromat ograph (GC) to an ion source of a mass spectronmeter (MS). Various
conbi nati ons for coupling of gas chromatographs (GC) with nass
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variations of [ess t sius are required sone applications.
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exhibit excessive chromatographic peak broadening or peak tailing. On the other hand,

hot spots that appear may cause some compounds to degrade thermally with a
20 resultant change in their chemical structure. Similar effects can occur even if the
transfer line is at uniform temperature if the temperature of the transfer line is either too
cold or too hot during the elution of any given chemical compound. Additionally,
excessive temperatures of transfer line can lead to elevated "chemical noise" and lower
signal-to-noise ratio for any given analytical results. Temperature variations along the
25 length of the transfer line of +/- 10° Celsius are generally acceptable, although
variations of less than +/- 5° Celsius are required in some applications.
[0003] Usually, GC-MS transfer lines are rigidly attached to the housing of the
mass spectrometer and provide a uniform temperature environment on the column
extension when column effluents are conveyed through the walls of the GC oven and

30 the mass spectrometer into the ion source.



[0004] MS ion sources have to be cleaned in regular periods, or the

filaments for electron generation have to be replaced. For these

mai nt enance operations, the ion sources have to be taken out of the MS
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i nstance, by electron ionization (El) or by cthem cal ionization (C
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position). Inside the transfer line body, the column effluents are conveyed within an
extension of the gas chromatography column (column extension) into the ionization
chamber of the ion source, where the sample molecules are ionized, for instance, by
electron ionization (El) or by chemical ionization (Cl).
25 [0006] In a first embodiment, the gas seal comprises bellows fastened to the
transfer line body and to the housing of the mass spectrometer such that the transfer
line body is movable between two end positions without breaking the vacuum in the
mass spectrometer. The bellows can be structured to exert a force on the transfer line
body, preferably directed towards the inside of the mass spectrometer. Preferably, the
30 transfer line body comprises threads and the means for moving comprises a hand

wheel engaging the transfer line body via complementing threads. On the other hand,



spectronmeter into the evacuated ion source region. Thus, the transfer line
body is noved by the forces on the bell ows generated by the evacuation and
venting processes 5due to the changing pressure differences. [ 0007]
In a second enbodi nent, the gas seal conprises at Ieast one sealing ring
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that contains an extension of the column of the gas chromatograph and that is fastened
to the column of the gas chromatograph, inside the oven, in a vacuum-tight manner by a

20 ferrule and compression nut. Furthermore, the transfer line can comprise a gas inlet
between gas chromatograph and mass spectrometer to convey additional gas to the ion
source, for example to provide the ion source with an appropriate gas for chemical
ionization. The additional gas is preferably conveyed to the ion source in the tubular
space between the inner tube and the column extension. The transfer line can further

25 comprise a heating cartridge and a temperature sensor to heat the inner tube and the
column extension inserted in the inner tube to a desired temperature.

[0010] In a second aspect of the invention, the transfer line and the ion source
are positioned such that the transfer line body presses the ion source, which is not
rigidly fixed to the MS housing, into a recess seat of the housing of the mass

30 spectrometer, when the transfer line is moved to the extended end position, and aligns

the ion source in an operating position. When the transfer line is retracted and the mass



spectronmeter (or at least the ion source region) is vented, the ion source
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fromthe ion source housing, wthout any further unscrew ng or uncl anpi ng,
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Unique to the transfer |ine according to the invention is that it can
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wherein the transfer line and the ion source are positioned such that the movement of
25 the transfer line body from the retracted position to the extended position moves the ion
source from the non-operating position to the operating position
[0013] Unique to the transfer line according to the invention is that it can
simultaneously perform multiple functionalities: providing an isothermal conduit for the
GC column effluents, closing the ionization chamber, forming an ion repelling electrode
30 of the ion source, self-aligning and fixing the ion source in place for operation. Venting

the ion source region and/or moving the transfer line automatically releases the ion



5 transfer lines known in the art. The |ower heat |oss enables a highly
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cross-section of a second novable GC-30Ms transfer line in the extended end
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of a movable GC-MS transfer line according to the present invention.

[0015] In figure 1, the transfer line is shown in an extended end position after
evacuating the ion source region (17). The evacuation generates a pressure difference
and causes the bellows (9) to extend. Thereby, the head piece (7) of the transfer line

20 body presses against the ion source (12) and forms one side wall of the ionization
chamber (14). The ion source (12) which is not rigidly fastened to the housing (10) is
pushed into a recess seat (13) of the MS housing (10) and aligned in an operating
position.

[0016] In figure (2), the transfer line is shown in the retracted end position after

25 venting. The bellows (9) retract the transfer line body and the ion source (12) is thereby
released from its recess seat (13). The ion source (12) is free for removal prior to being
cleaned, repaired or replaced. The transfer line body slides through the thermally
insulating wall (15) of the GC oven when being moved.

[0017] Figure 3 illustrates a schematic cross-section of a second movable GC-

30 MS transfer line in the extended end position. In contrast to the first embodiment shown

in figures 1 and 2, the transfer line body of the second embodiment comprises threads



(5a) at outside of the outer tube (5b) and is noved by a hand wheel (16)
attached to the housing (10), engaging the transfer |ine body via

conpl ementing threads. [0018] Figure 4 illustrates schematically a
cross-section of a third novable GC- MsS transfer line with inpl emsntation
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of the gas chromatograph and the mass spectrometer are omitted in the drawings in

order to clarify the essential features of the embodiments, only the walls of the GC oven
(15) and the housing (10) of the mass spectrometer are shown to some extent. The
disclosed transfer lines enable moving a transfer line body along its axis while

20 maintaining the vacuum of the mass spectrometer sealed to the outside atmosphere.

[0021] The transfer line body of the preferred embodiments comprises a column
extension (3), a head piece (7), a heater cartridge (4), an inner tube (5a), an outer tube
(5b), and a plate (8) that connects the column extension (3) and the tubes (5a, 5b).
Bellows (9), most preferably metallic bellows, are welded on one side to the plate (8),

25 and on the other side to the housing (10), forming a vacuum-tight connection between
the transfer line body and the housing (10), but allowing the transfer line body to move
along the axis of the column extension (3) by a few millimetres to some ten millimetres.
The GC column (1) is fastened vacuum tight to the inner tube (5a) by a ferrule and
compression nut (2) and is extended by extension column (3) up to the head piece (7).

30 [0022] A first preferred embodiment is illustrated in figures 1 and 2. The transfer

line body is presses the against the ion source (12) when the ion source region (17) is



The GC colum (1) is fastened vacuumtight to the inner tube (5a) by a
ferrule and conpression nut (2) and is extended by extension colum (3) up
to the head piece (7). 30[0022] A first preferred enbodinent is illustrated
in figures 1 and 2. The transfer line body is presses the against the ion
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source usualhya AOTRELERS1, AR ibARbARK Rdion (17) is evacuated and the head piece

(7) of the transfer line body forms a side wall of the ion source (12). The head piece (7)

20 comprises an electrode (7b) which is electrically insulated from the transfer line body
and the ion source (12). Therefore, the electrode (7b) serves as an ion repelling
electrode, when an adequate electric potential is applied to it. A person skilled in the art
knows El and Cl ion sources for GC-MS instruments, so it is not necessary to explain
these ion sources in detail here. An El ion source usually comprises: an ionization

25 chamber, elements for heating the walls of the ionization chamber, filaments for electron
generation, permanent magnets and yokes to guide accelerated electrons from the
filaments into the ionization chamber, ion extraction and acceleration lenses, and
contacts for the supply of electric voltages.

[0025] The GC column (1) is fastened vacuum tight to the inner tube (5a) by a

30 ferrule and compression nut (2) and is extended by the extension column (3) up to the

head piece (7). The transfer line body further comprises a gas inlet (6) between the



25chanber, elenents for heating the walls of the ionization chanber,
filaments for electron generation, pernmanent magnets and yokes to guide
accelerated electrons fromthe filanments into the ionization chanber, ion
extraction and accel eration | enses, and contacts for the supply of electric
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sour ce tifd fansten libe body ds atrdched  from the extended end position by a hand wheel (16)
which is attached to the housing (10). The exterior of the outer tube (5b) of the transfer
line body comprises a thread (5c). A corresponding thread is provided on hand wheel

25 (16). Thus, when the wheel (16) is rotated, it moves the transfer line body in the axial

direction up to several ten millimetres, such that the transfer line can be substantially
moved between the two end positions. Since the ion source (12) can be held by hand
while the hand wheel (16) is turned to move the transfer line body, a recess in the
housing (10) is not necessarily required. The bellows (9) maintain the vacuum seal

30 regardless of the position of the hand wheel (16), such that the transfer line can be



whil e the hand wheel (16) is turned to nove the transfer |ine body, a
recess in the housing (10) is not necessarily required. The bellows (9)
mai ntai n the vacuum seal 30regardl ess of the position of the hand wheel
(16), such that the transfer line can be noved towards the ion source or

retracted fr on_source W|tho reakl ng vacuu A third
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third enbodi ment does not have an additional gas inlet, but a line may
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I nvent 1 on,
enbodl eetsThe sanbl'eehee\t tplipue smsven infigurestrean edmppréest by sthdricapiiany d be

under st ood t hat processes and
means along the internal wall, causing the backflow of the fluid to the heater region. The
heat pipe can be enclosed by insulating material and an additional tube, so that the
outer tube (20) does not contact directly the housing wall (10) or the GC oven wall (15).
20  The transfer line of the third embodiment does not have an additional gas inlet, but a CI
line may well be added inside the GC oven at the end of the transfer line.

[0028] The above description relates to a specific embodiment of the invention;
however, the invention can be implemented using other embodiments to achieve the
same improvements and features. It should be understood that processes and

25 techniques described herein are not inherently related to any particular apparatus and
may be implemented by any suitable combination of components. Further, various types
of general purpose devices may be used in accordance with the teachings described
herein. It may also prove advantageous to construct specialized apparatus to perform
the method steps described herein.

30 [0029] The present invention has been described in relation to particular

examples, which are intended in all respects to be illustrative rather than restrictive.



25t echni ques descri bed herein are not inherently related to any particul ar
apparatus and may be inplenented by any suitable conbinati on of conponents.
Further, various types of general purpose devices may be used in accordance
with the teachings described herein. It may al so prove advant ageous to
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rather than restrictive. Those skilled in the art will appreciate that
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di scl osed herein. It is 5Sintended that the specification and exanpl es be
consi ddrusiseapecsidrppisit ¢f el ipverliambeing ingdicatedgyy thedolpwingtclaims: he i nventi on
being indicated by the following clains. CLAIMS 1A transfer line for
conveying the colum effluent of a gas chromatograph to an ion source of a
mass spectroneter, conprising: a transfer |ine body;

means for noving the transfer |ine body between a retracted position and
5an extended position; and a gas seal connected to the transfer line
body and for connecting to a housing of the mass spectroneter, the gas seal
being to prevent a vacuum | eak when the transfer line body is noved by the
nmeans between the retracted position and the extended position, wherein the
transfer line is positioned such

10



10t hat the transfer |line body presses the ion source, which is not rigidly
fixed to the mass spectroneter housing, into a recess seat of the housing
of the mass spectroneter in order to align and hold the ion source in an
operating position. 2. The transfer line according to claim1, wherein the
gas seal conprises bell ows 15fastened,.to the transfer |line body and to the
housi ng of the nass spectroneter suc LAM® the transfer Iine body is
novabl e along its axis between two end positions. 3. The transfer |ine
according to claim?2, wherein the neans for noving conprises 20a punp for
evacuati.ng tAtansferdinarferecoragymy thecolene effiiieny of afgascehromatdgraphdosher

line body. 4. The transfer line according to. claim3, wherein the bellows
are structur'@BSPHrC@x‘gqu n@s]s(ﬁp@gtr%'ne?q{ec?r%gﬁgpgr li ne body directed towards
the outside of theiyapser Asspeayronmeter. 5.The transfer |ine according to
any one of clains 2 to 4, wherein the bellows are structured to exert force
on the transfer IMmeansiatynevingthetransieatioe body betweerragetraptedmasition and

spectroneter, , r e i ne according to any one of clains 2 to 5,
whei'ei n tra@%ﬁewﬁ%bf?g@éab%%ri ses threads, and wherein the neans for
nmovi ng conpri ses @ghasdade@eckitieahs dranktertiinersddyrand foe doadgctingito a
conpl enenti ng threads. .
housing of the mass spectrometer, the gas seal being to prevent a vacuum leak
when the transfer line body is moved by the means between the retracted
position and the extended position, wherein the transfer line is positioned such
10 that the transfer line body presses the ion source, which is not rigidly fixed to the
mass spectrometer housing, into a recess seat of the housing of the mass

spectrometer in order to align and hold the ion source in an operating position.

2. The transfer line according to claim 1, wherein the gas seal comprises bellows
15 fastened to the transfer line body and to the housing of the mass spectrometer
such that the transfer line body is movable along its axis between two end

positions.

3. The transfer line according to claim 2, wherein the means for moving comprises
20 a pump for evacuating the ion source region and generating a force on the

transfer line body.

4. The transfer line according to claim 3, wherein the bellows are structured to exert
a force on the transfer line body directed towards the outside of the mass

25 spectrometer.

11



7. The transfer line according to any one of clains 1 to 6, wherein the
transfer |line 10body conprises a head piece that forns a part of the ion
source, when the transfer line is in an extended end position. 8. The
transfer line according to claim?7, wherein the head piece conprises an

el ectri aIIy el ectrode, servi S,_an n re el li | ect r ode of
The i orb155oTI BENger g apraagiaio anehaetriing 14 S odis PeipupaEe 1% o
8, wherein té%ﬁ:dttﬁr%ﬂ%%rxel"t'fBF‘ceb&SjtheCl‘PéTﬁ)éfénsﬁ% %Wanéaadqawdsdﬁa@ iAgide f
tenperature sensor. 2010. The transfer |line according to any one of clains 1

to 9, \Ahere|thetrms{$pm}§|f0$metl9rne body conprises a heat pipe. 11. The
transfer line according to any one of clains 1 to 10, wherein the transfer
| i ne body conprises an inner tube that contains an extension of the col umm

of the gas mfrgmpﬂﬁ@abc@amgt tlzbaény éné aftianes 2te 5 hhetsnlranstdr Itrf@b@l%ﬁ
e

chromat ogr aph, inside the oven, by a ferrule and conpression nut.
transfer |irmonapisasdhrepdsoand ajharein thaweeansiar eoving §eMorises dchasstiyheel

compr i ses a i fdY e thdidred G5 G dotndiBimehiIRG infelg, such that gas from

the gas inle

7. The transfer line according to any one of claims 1 to 6, wherein the transfer line
10 body comprises a head piece that forms a part of the ion source, when the

transfer line is in an extended end position.

8. The transfer line according to claim 7, wherein the head piece comprises an
electrically insulated electrode serving as an ion repelling electrode of the ion

15 source.

9. The transfer line according to any one of claims 1 to 8, wherein the transfer line

body comprises a heating cartridge and a temperature sensor.

20 10.  The transfer line according to any one of claims 1 to 9, wherein the transfer line

body comprises a heat pipe.

11.  The transfer line according to any one of claims 1 to 10, wherein the transfer line
body comprises an inner tube that contains an extension of the column of the gas
25 chromatograph and that is fastened to the column of the gas chromatograph,

inside the oven, by a ferrule and compression nut.

12.  The transfer line according to claim 11, wherein the transfer line body comprises

a gas inlet that is coupled to the inner tube such that gas from the gas inlet is

12



conveyed to the ion source in a tubular space between the colum extension
and the inner tube. 13.The transfer line according to any one of clains 1
to 12, wherein the transfer |ine 5body conprises threads, wherein the neans
for noving conprises a hand wheel engaging the transfer |ine body via

I ti th d whereij I | t | t.
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the mass speaghhiongitighe. 1014. A nethod for aligning an ion source to the
housi ng of a nass spectronmeter where the ion source is not rigidly fixed to
t he housi ng, the nmass spectroneter being coupled to a gas chromat ograph by

a transfer line, having a transfer |line bo . means for novi he transfer
e bo aHE u0SdeP g bR A SnE PR RisPE 1B 7ok bafe bAGsl HAR

t he st r ansf erpddyrigibest tBrédddy WHersintRE WsAnslfor hdking\bemptibgs brramel Wheell ne
body is noved by the nmeans, the method conprising noving the transfer |ine

body to an estgaginathertsansdel ineobodpviamamplamentingthierds t arghwhereinithe 9api gns
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claim 14, whrydgiand the hausispof ihe rmassiepedtiqrhetey. att ached to the housi ng of
the mass spectroneter after being aligned in the operating position. 16. The
met hod according to claim 15, wherein the ion source is released fromthe

ZoBEL 14,10 RRRSOR, Yo A5 R o0 2 LRI S0S T8 uElspdtlorbd o0
spect r onet erwtlarephe sosmgourcans notrigidlyrfoed to the housing, the mass spectrometer
being coupled to a gas chromatograph by a transfer line having a transfer line
body, means for moving the transfer line body, and a gas seal between a
housing of the mass spectrometer and the transfer line body to prevent a vacuum
15 leak when the transfer line body is moved by the means, the method comprising
moving the transfer line body to an extended end position so that an end of the
transfer line aligns and holds the ion source in an operating position by pressing

the ion source into a recess seat of the housing.

20 15. The method according to claim 14, wherein the ion source is not rigidly attached
to the housing of the mass spectrometer after being aligned in the operating

position.
16.  The method according to claim 15, wherein the ion source is released from the
25 operating position by retracting the transfer line such that the ion source can be

removed from the mass spectrometer after venting.

17. A mass spectrometer comprising:

13



a housing for the ion source, the housing conprising a recess seal for
receiving the ion source, wherein the ion source is noveabl e between a

non- operati ng position and an operating position where the ion source is
positioned in the 5recess seat; a transfer |line body for conveying col um
effluent of a gas chromatograph to the ion source; neans for noving the
transfer |i i BOEPUE ween a retracted position and an extended position in

whi ch the '%{1?&?%55?0&% liBh 5BGrcaP é“ﬁéu n Eéhﬁ)n@fﬁgféglr‘léﬁég%e%ﬁ ﬁ?@éivi'ﬁ@t ween

the housing o e’ mass spec roné er an ran I ne bo
preventing ahgdonusouiceakwhatesn thdﬂ@ntscmnsé & moveabledetween a ndreopératinge
transfer |ine and the ion saource S|t oned such t hat .t he nngenent of

the transfePaSiti@ 9”1°P8Fﬁtt’19ep9% thw IPP iSOG IStRRS HANEdHBARE posi t i on

noves the |q@ éégjgé;g fromthe non- operatlng position to the operating

posi t| on. _g[ A'transfer line for conveying the colum effluent of a gas
chr omat ogr aphtransfanhme)hodxomraerEylagmMns eituens of aegas Juamategragh ta the
transfer |ine_ bod means for noving the transfer |ine body;, and 20a gas
seal betweerd®ds HB%:?I’ ng of the mass spectroneter and the transfer |ine body

to prevent anéawwmnh&ahgwﬂahér@rtm@ma%emé@w hodirattedpostibniand Ae means,
wherein the transfer line and the ion source are positioned such that the

transfer |irextensad posiierein Wh@hltbﬁ ibeeWee isvfl e oreratig ppgitianyand xed to
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oper ating paidyifonpreventing a vacuum leak when the transfer line is moved, wherein the
transfer line and the ion source are positioned such that the movement of the
transfer line body from the retracted position to the extended position moves the
ion source from the non-operating position to the operating position.
15
18.  Atransfer line for conveying the column effluent of a gas chromatograph to an
ion source of a mass spectrometer, comprising:
a transfer line body;
means for moving the transfer line body; and
20 a gas seal between a housing of the mass spectrometer and the transfer line
body to prevent a vacuum leak when the transfer line body is moved by the
means, wherein the transfer line and the ion source are positioned such that the
transfer line body presses the ion source, which is not rigidly fixed to the mass
spectrometer housing, into a recess seat of the housing of the mass

25 spectrometer in order to align and hold the ion source in an operating position

14



