ASSEMBLY FOR AN ELECTROSPRAY | ON SOURCE BACKGROUND [ 0001] The

I nvention relates to assenblies for electrospray ion sources. 5

El ectrospray ionization (ESI) is a technique used in nass
spectronetry to produce ions. It is especially advantageous for

i oni zi ng macronol ecul es due to its soft character w thout inducing
too nuch fragnentation during ionization. The devel opnment of ESI for

the analysis of bigsgeMElY FOR ANEEECTROSPRAYAON SOUREEN the Nobel
Prize in Chemistry to John Bennett Fenn in 2002. 10[0002] A liquid

contai ning analyte(s) of interest is typically dispersed by
el ectrospray into a fine aerosol BACKGROENRIi p of a capillary. Because
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20 unt|I it becomes unstable upon reaching its Rayleigh limit. At this point, the droplet
deforms and emits charged jets in a process known as Coulomb fission. During the
fission, the droplet loses a small percentage of its mass along with a relatively large
percentage of its charge. The aerosol, which as the case may be, encompasses gas-
phase molecules, ions and tiny charged droplets, is sampled into the first vacuum stage
25 of a mass spectrometer through an orifice (and/or subsequent transfer capillary) which
can also be heated in order to finalize solvent evaporation from the remaining charged
droplets and prevent any memory effects due to sample deposition on surfaces.
[0004] The ions observed by mass spectrometry may be quasi-molecular ions
created by the addition of a proton and denoted [M + HJ’, or of another cation such as
30  sodium ion, [M + NaJ, or the removal of a proton, [M — H]". Multiply charged ions such

as [M + nH]™ are often observed, which makes ES| particularly favorable for ionizing



| arge macronol ecul es that woul d otherwi se |ie beyond usual detection
ranges. For such macronol ecul es there can be many charge states,
resulting in a characteristic charge state envel ope. [0005]

El ectrospray ionization has found favorable utility particularly for
liquid 5 chromat ography-nass spectronetry (LC-MS, or alternatively
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even with degradation) which may be undesirable when the mass spectrometric
analysis is coupled with an ion mobility analysis, for instance.
[0007] Therefore, attempts have been made to prevent excessive heat transfer
to the liquid in the capillary. One way of dealing with this problem consisted in disposing
25 a solid insulating sleeve or jacket made of fused silica about the capillary needle in

order to maintain a certain temperature differential (US 5,349,186 A to lkonomou et al.).
- A similar approach in a slightly altered design was suggested by Thakur (US 7,199,364

B2). But implementations according to such solutions result in a rather bulky design

which counteracts an operator's general goal to minimize a spatial requirement for a

30 capillary and conduit assembly.



Mass Spectrom 1lon Processes 1996, 154, 1-13) encountered problens

Wi th heat induced boiling of solvent in the capillary needle in an

el ectrospray ion source with subsequent ion nobility drift cell which
contained a heated drift gas. They suggested 5 providing an active
cool i ng nmechani sm having an outer conduit flushed with water as
cool i ng medi um whi ch contacts a gas-filled conduit disposed about the
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an assenbly for an_electrospray. ion source. A capillary i rovi ded

f or gun%ntﬂgeagw whichrin i reguiteindreating of fia %ﬁnﬂal.gap'"arv Such heating may

result in degradation of the sample or boiling of the solvent. Adding insulating material
between the desolvation gas and nebulizer gas conduits, such as suggested by Thakur,

20 can be effective but presents problems of finding a material with very stringent
properties. It must have very [ow conductivity, be dimensionally stable, resist high
temperatures and not outgas or shed particulates. Most materials fulfilling these
requirements are bulky and their use would significantly increase the diameter of an
electrospray assembly.

25 [0010] Hence, there is still a need for a simple and lean/compact way of
preventing excessive heat transfer to the liquid in the capillary of an electrospray ion

source.

SUMMARY
30 [0011] In afirst aspect the invention pertains to an assembly for an electrospray

ion source. A capillary is provided for guiding a flow of liquid generally containing



anal yte(s) of interest, which is to be electrosprayed into an

I oni zation chanber. A first tube is provided that at |east partially
encases the capillary such that a first conduit for guiding a first
heat abl e gas is created proximte the capillary. A hollow nenber

havi ng an internal evacuated space is |ocated at an outer
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jacket or hollow sleeve disposed around the capillary, and the evacuated space is
20 formed within the at least partially hollow jacket or hollow sleeve. Alternatively, the
hollow member is a double-layered wall of the capillary itself, and the evacuated space
is formed within the double-layered wall. Embodiments of an evacuated sleeve or
jacket, such as a metal vacuum insulated tube interposed between the capillary and the
first conduit for instance, offer very low thermal conductivity and generally feature low
25  wall thickness. Constructed of two concentric thin wall tubes with an at least partially
evacuated space between them, for example, it can function over a wide temperature
range while being very inert and robust.
[0015] Optionally, a tubular structure containing a stagnant gas may be used.
The tubular structure can be interposed between the hollow member and the outer
30 circumference of the capillary to further increase thermal resistance. In favorable

embodiments, a heat conductor is additionally provided, the heat conductor reaching or



The tubul ar structure can be interposed between the holl ow nenber and
the outer 30circunference of the capillary to further increase
thermal resistance. In favorable enbodi nents, a heat conductor is
additionally provided, the heat conductor reaching or extending into
an inner space of the tubular structure in order to contact, or be

I mmersed within, the stagnant gas and recei ve heat therefron1 and
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heat can be transmltted through an interface between the second conduit and the first
25  conduit from the second heated gas to the first heatable gas flowing through the first
conduit. Alternatively, the first heatable gas in the first conduit and the second heatable
gas in the second conduit may simultaneously receive heat from a heat generator being
located at an interface between the first conduit and the second conduit, and being
thermally coupled to the first conduit at an outer circumference thereof and to the
30 second conduit at an inner circumference thereof. The interface between first and

second conduit may be provided by the wall of the first tube, for instance.



[0019] In various enbodi nents, at |east one of the first heatabl e gas
and the second heatable gas is an inert gas, such as nol ecul ar
nitrogen (N2). However, also other inert gases nmay be suitable for
this purpose. [0020] In sone enbodi nents, the capillary is renovably
di sposed within one of 5 the first tube, an evacuated sl eeve, an
evacuat ed jacket, and a tubular structure containing a stagnant gas.
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an assenb of an electrospray ion source. A capillary is provided
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first conduit for guiding a first heatable gas is created proximate the capillary. A second
25 tube at least partially encases the first tube such that a second conduit for guiding a
second heatable gas is created proximate the first tube. Further, a hollow member
having an internal evacuated space is located at an interface between the first conduit
and the second conduit such that heat transfer from the second heatable gas flowing
proximate the first tube to the first heatable gas in the first tube is impeded.
30 [0023] In various embodiments, the second heatable gas in the second conduit

can receive heat from a heat generator thermally coupled to the second tube at an outer



5[0024] In a third aspect, the invention pertains to an assenbly for
an electrospray ion source. A capillary is provided for guiding a
flow of liquid generally containing analyte(s) of interest, which is
to be electrosprayed into an ionization chanber. A tube at | east
partially encases the capillary such that a conduit for guiding a
heatabl e gas is created proximte the capillary. Further, a thernal
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resistance. Metals such as silver, aluminum or copper, for instance, are particularly
suited for this purpose. The heat conductor mainly serves to receive heat from the
stagnant gas, which despite the thermal insulation measures is transmitted over time
from surrounding heated gas flows to the center of the probe structure and accumulates

256 there (causing a gradual rise in temperature). The shape and paosition of the heat
conductor are preferably chosen such that it acts as a heat exchanger through pre-
heating the otherwise largely unheated gas upon entering the conduit. The actual
heating of the heatable gas to a common operating temperature of the electrospray
happens downstream from the contact region of the unheated (or merely slightly pre-

30 heated) gas with the heat conductor.



[0027] In sone enbodi nents, at |east portions of the heat conductor
may have a structured surface to allow for high heat transm ssion
capabilities. Such design can nmake the heat transfer froma position
at the electrospray probe center to nore outlying regions nore
efficient. 10[0028] In a fourth aspect, the invention relates to
anot her assenbly for an el ectrospray ion source. A capillary is
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[0029] Such a “closed loop” arrangement of heat circulation may decrease the
heat load on the ambience of the electrospray probe and possibly lower the
25 requirements on the heater device. Thus, it entails advantages compared to
arrangements where heat from inner parts of the spray probe is just radiated off to the
environment without re-using it. Thermal contact in this context can mean direct
physical contact, however, is not restricted to such construction. Instead, intermediate
elements, such as a hollow tube containing a stagnant gas layer in which a portion of
30 the heat conductor is immersed, may be provided as will become apparent from

embodiments to be described in detail further below.



| o[ 0032] Figure 2 is a cross-sectional diagramthat illustrates a
first enmbodi ment according to principles of the invention.

[0033] Figure 3 is a cross-sectional diagramthat illustrates a
second enbodi nent according to principles of the invention.

[0034] Figure 4 is a cross-sectional diagramthat illustrates third
enbodi ment 15according to principles of the invention. [ 0035]
Figure 5 is a cross-sectional diagramthat illustrates a fourth
enbodi ment according to principles of the invention. [ 0036]
Figure 6 is a cross- sectiBmmFDmsagwmmmdﬁnHEmmemGates afifth

nbodi nent di f th nti
e or s BEDA . TASveaRn, o P att! ndelodidsy reriing o Marialowiol: " ©
accor dfigGresOTRE eRPhdtts tn e fidifed ANEMdtirRIBessarily to $EHMS &m Fiail msﬁ’eads a
cross-sectional diagramthat illustrates a seventh enbodi ment

accdr dPaigotriagad wrarpillestraingithe principlasi fihe iryeptipn (aftsncieberaticaiin In the
[0039] 4 %MF %gn&éﬁ:@ H@@E*ﬂ(ﬁ% %Q%eh&%{]g%@%ﬁﬂa%rpﬁ%ﬁ%{j Fiﬁgna‘ﬁsttnrou hout the

referen a nu eof recog
by t hodifesdritivieds.i n the art that various changes in formand det a|I
nd scope. of th

Mventi on- a00Gaf Moy % h s el dora Aha asfuions| SREuSsanE L
gener akograd c@)ﬁh%] ratibs. dep| ction of an el ect rospray ion source
assenbly 2 and has a central capillary 4 that is part of an ion probe
redthi ng i nf®32] Figure 2is a cross-sectional diagram that illustrates a first embodiment
according to principles of the invention.
[0033] Figure 3 is a cross-sectional diagram that illustrates a second
embodiment according to principles of the invention.
[0034] Figure 4 is a cross-sectional diagram that illustrates third embodiment
15  according to principles of the invention.
[0035] Figure 5 is a cross-sectional diagram that illustrates a fourth embodiment
according to principles of the invention.
[0036] Figure 6 is a cross-sectional diagram that illustrates a fifth embodiment
according to principles of the invention.
20 [0037] Figure 7 is a cross-sectional diagram that illustrates a sixth embodiment
according to principles of the invention.
[0038] Figure 8 is a cross-sectional diagram that illustrates a seventh

embodiment according to principles of the invention.

25 DETAILED DESCRIPTION
[0039] While the invention has been shown and described with reference to a
number of embodiments thereof, it will be recognized by those skilled in the art that
various changes in form and detail may be made herein without departing from the spirit
and scope of the invention as defined by the appended claims.
30 [0040] Figure 1 is a general and schematic depiction of an electrospray ion

source assembly 2 and has a central capillary 4 that is part of an ion probe reaching into



an ionization chanber 6. The central capillary 4 guides and

el ectrosprays liquid that can contain analyte(s) of interest into the
chanber 6. A (annular) conduit 8 created by a tube which is disposed
about the central capillary 4 feeds in a nebulizer gas which
pneumatically assists in the formation of droplets at the tip 4* of
the central capillary 4. 5 Optionally, in another conduit (not

shown ‘ i i it ; i
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208 anthdtshbwnfS thermal contact therew th. The heatable gas can flow
froma point ere it is supplied to the conduit 208 to an exit
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the j acilary 24 yiiiechaiag heatedalontha sealiortiinesasfvi ty can be kept quite

l'ow even atgaug] To prevent excessive heat transfer from the heated gas to the liquid in
the central capillary 204, a double-wall jacket 222 is disposed around and, in this
30 example, directly contacting the central capillary 204. The jacket 222, or rather the

space between the walls, is evacuated internally to provide a largely annular evacuated
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tenperatures. For exanple, heater tenperatures fromslightly above
anbient or lab 10 tenperature, for instance at about 70 degC, up to
about 800 degC may be necessary to pronote rapid evaporation of spray
droplets. At these tenperatures nost netals are highly reactive and
em ssivity increases unless protection is provided. [0043] In a
vari ant, the evacuated sl eeve or jacket 222 may be replaced by a
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but a vacuuminsul ated jacket 222 can be used in designs where the
heat abhighlyaeaptivenand emnissiviyringreases valgse prajection lﬁlﬁ@%&*ﬂiuit 208 by 30
an external I [ d
x (00931, o < DHa APl el WD SARRHLIE Hay S RedtiaLUR £

sl eeve 222 avorably reach up tot pper “en
t hat cdpubleavalled@entrabicadiarg &sot sheang dvhieedio mespack detwgen the teonsalls of

208 neyer cont act. direct]l apart,_.maybe froma snull. portia

other Esar o Eaaidris Bragsted 3h S Matiet rR T Rat Fepigh ik 41 igh hage!
Addi t i przdtandeclayat carbe badviged. can al so be positioned outside of the
heater or outside of the gas conduit to generally reduce heat | oss

and t her eby[0044kr Thogiac sRageeMithin thpsckekeitsiéeyadéz at audrnariside
signi fi I ; ; t '
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N s e G e
| onl ZalwkaeElength range and therefore being capable of reflecting heat radiation include gold,
silver and aluminum, for example. The evacuated space may also be divided into two
adjacent compartments by a divider wall (not illustrated), such as made from a thin foil
from a suitable metal, which is interposed between the inner and outer walls of either
25 the evacuated sleeve or the capillary and acts as a radiation heat shield with generally
low emissivity.
[0045] In the embodiment of Figure 2 the heater 220 is concentric to the conduit
208 at an outer circumference thereof, but a vacuum insulated jacket 222 can be used
in designs where the heatable gas is heated prior to introduction to the conduit 208 by
30 an external heater (not shown). In such an embodiment, the evacuated sleeve 222

would favorably reach up to the upper end of tube 218 so that capillary 204 and the gas
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10region 306. A tube 318 is disposed at |east around a part of the
central capillary 304 such that a conduit 308 for guiding a heatable
gas, such as a nebulizer gas, is created proxinate the central
capillary 304. In the exanple shown a heater 320, such as a resistive
heater, is located at an outer circunference of the conduit 308 and
Is in thermal contact therewth. The heatable gas can flow froma
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The jacket 322 is evacuated internally as previously described and, by virtue of its
position around the central capillary 304, impedes heat transfer from the heatable gas,

20 when heated, flowing proximate the central capillary 304 to the liquid in the central
capillary 304. In the example shown, a further holiow tube 350 is disposed between the
jacket 322 and the central capillary 304 and around the capillary 304. The hollow tube
350 together with the outer circumference of the capillary 304 confines a hollow space
filled with a stagnant gas layer or stagnant air layer 324 as additional heat resistive

25 layer.

[0048] The hollow tube 350, just as the capillary 304, extends beyond an upper
end of the conduit 308 in this example. Additional seals 352 (represented by hollow
circles) allow for gas tightness between the conduit 308 and the upper part of the
electrospray probe. At the lower end, near tip 304* of the capillary, an inwardly angled

30 flange-like portion of the hollow tube 350 may closely approach the outer circumference

of the central capillary 304, or even contact it, however, is not rigidly attached to it. A
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downward direction. Renoval and (re-)insertion nmay happen for exanple
for mai ntenance purposes. Sinple calculations indicate that the
evacuated jacket 322 in conjunction with a stagnant gas |ayer 324 in
a holl ow tube 350 provides further inproved thermal resistance.

10[ 0049] In the enbodi ment of Figure 3 the heater 320 surrounds the
conduit 308, but a vacuuminsulated jacket 322 together with a
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capi | | 89§Prelg4be 4261 dlspaﬁﬁquai 'ﬁaﬁmaré@lm @rgrm g flrlsaFLgP%w sYGh tat @
case, éeédﬁ'atéb?f’duﬁ(?ﬂzb% @Mamgﬁgee&dméa@msg,ageém@.% 5 %sblagﬂ&ﬁ{ 945225

and the central and around t capillary 404. hi s
hol | owcreatssl p_rtoxmwe th@uﬁtsta@ejé‘bﬂzrlh tblmejexampl@rqhom adweamrt420a8p¢iees éus

gned | uepetye SRR R3cdlelf 56 b 2Buierafif PG Roof 28Rl 478 AHFR
descri thetmal tdntactiteeendd. The Eegorﬁ(ehéatablmegdmddroﬂmw from 4 pBint whiehe # is
exanpl e does not reach beyopd an upper limt of the fjrst conduit 408

but entiPRligdie thespernnd conduiii428ite s exildegionef tgpesand eansif 4284
j acket pieinitd tROBH UDAk bPthetdpliaty 404 while being heated. Heat from the second

heated gas may be transmitted through an interface between the second conduit 428
30 and the first conduit 408 from the second heated gas to the first heatable gas. If such

heat transfer is desired, the first tube 418 containing the first conduit 408 can be made
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15 stagnant air |ayer 424 in a hollow tube provides further inproved
t hermal resistance. [ 0052] The evacuated space within the

j acket or sleeve 422, at an inner side 422*, may carry a coating for
reflecting heat radiation, or may have an additional radiative heat

shield (not illustrated) with ow em ssivity interposed between the

two wal l's, as described before. 20[0053] In the enbodi nent of Figure

4 the B? ! acé GG MEEE férhﬁstéﬁﬁé’qﬂn&%ﬂaﬂ‘héaﬁ%sf&'% d@sNé&HHérﬂrBt tube

i nsul ate et 422°together wth a stagnant gas |ayer 424 can
used i #18eshdesmakiefrom aenatedairaf Highanedtiresigtances heated prior to

doscri bed nEL PR abE BrEapiVhed HanBlerdprE e iR ihedlEg ok (Eia apic
for an_ireirecﬁdrmapcaylldrqm%a@:mube-\aan }wroeléngzz 18 disposet presndthet dertral
i nvention, As bef_l_glre, it s a centr capjllary 504 that re ei ves

andSt r SRBIERAATH TBIACAL 4A7 nevasiate igiGeheRs & QUshicHRS PR ABd Y
| oni 2aline dr9iRitRA%rond tHederitidh Baikéy Md4 il RN GrR¥ick fBAT et

is disposed at |east partially around the céntral capillary 504 such
that ahpatable gasmher heatehdlowing oexdroateghi gentakcapillesy 4ﬂéé@ tis! limuichin,
such a e

2heh Aol bhgaBiR 1 o bERL S RESH T PR AR lop B0 BRI
dis pos fatket 42Z2asd theacéntedl egpilaguttlt anceafaundtthé ubmllériy&om d‘ hlst Htalb\naube

second nnul ar) condui.t 528 for ui ding a se at abl e uch
218" qabBst S dessabedi carbacdin wibeiraviads REDPHfas, CoEPaES & halde

exanpl gpadtofifedavite ai(ghnuia sta%}#é'ﬁt ?§52 gé?él‘ stagMantBPk9Er 425 lh %Qﬁiréé’( to

wi t hin parts of the second condui | eaves an”annul ar space

530 betheeambeodimant deserimziovih eferences de Gigure gothesrdlophiabe 20 dn Hys
paral | ?&a&]glead&%’}fcftgéa@b%o‘#d ér{‘ﬁ?éeram?%}é fﬁé{%nbpi‘hgé Bt ﬁ&sof?]%re

heat abl' e S can wher e he second
condui Slrﬁﬁla dab:u.ﬂatloeusnmdlcagltbat tbé etvlaeuestedanuiketéﬁﬂm d:onjm’btpnowthmt e the
e. bein

hedt edsteonant if 8B 24T haie ke ProyEEaTbYse ot pbemepeRimoene
Cent ral capfdosay YT évadliged gpé@atwﬁlaa the Jaekawaéleébe mErahliyngtite by
virtue of its position at the outer
422*, may carry a coating for reflecting heat radiation, or may have an additional
radiative heat shield (not illustrated) with low emissivity interposed between the two
walls, as described before.

20 [0053] In the embodiment of Figure 4 the heater 420 surrounds the second
conduit 428, but a vacuum insulated jacket 422 together with a stagnant gas layer 424
can be used in designs where the second heatable gas is heated prior to introduction to
the second conduit 428 by an external heater as described before.

[0054] Figure 5 is another example of an assembly for an e]ectrosprey ion

25 source according to principles of the invention. As before, it has a central capillary 504
that receives and transports liquid from one end to another end reaching into an
ionization region 506. A first tube 518 with a tapering exit portion is disposed at least
partially around the central capillary 504 such that a first (annular) conduit 508 for
guiding a first heatable gas, such as a nebulizer gas, is created proximate the central

30 capillary 504. A second tube 526 with a tapering exit portion is likewise disposed at

least partially around the first tube 518 such that a second (annular} conduit 528 for
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10circunference of the central capillary 504, inpedes heat transfer
fromthe first heatable gas, when heated, flow ng proximte the
central capillary 504 to the liquid in the central capillary 504. For
i ncreasing the overall heat resistance, as herei nbefore described, a
hol | ow tube 550 containing a (annular) stagnant gas |layer 524 is
posi ti oned between the evacuated jacket 522 and the central capillary
504 an I

The oxCrRRYAEoaatt fERabloaL, Bth agRiotoRILR Bag, 1 LR BRuhalaf s
first tubseBBL&nmﬂ exarapleshowmfa heatet h20 fsuchtascarehistived@ater, is located

[ 0056] juls of Fi. t t

First, ealimSOaRe st CondiCeieonm [Have® B Lhur Spat b Dvast e

i nt egr Akater 65RO dnblehs et LbeBI6 thaPExtehds paraliaicbunyéns sl atiedf fhacket
522, optionally with an aqggilonal stagnan@y% s layer 20 524, can. b
usedl | ASERIBPYSechatdhe sertheainblegas 4an U R HBANAWNEr LS sHRpliede
first Reaeallend@enigt BQ@E&Qn Rkt %5%59 of tHe QEUAk IcBAAGIP 528 BredRarthe tip

conduit 528 or the first conduit respectively, by an external
heat er 50#bof tbacanilary 504 in tbe(%a]nm&umtad rwdﬂletbwmbaated surrounds

the first c t r ts
the first ¢ (EohyAoMBlGERLAREOTE ustERef arodf wodEifRl L4 88,
may beThe ¢daket 522 tme\mmawdunterhallm&hbqummeaﬂntmsbﬂort ftthgasitdrl owi ng

| o e e earerioa Slang cehisHl cAPllans S04 PBg des BRSS! TR The St RapRble

[ 0058] g¥¥ tyihdrhrested) wwuﬁagmambt@th%%hw @gé?lléﬁlﬁoh@ﬂhélﬁ%m@in ey dénlrae

second gas in the second conduit 528 by direct’ contact al so

first gagllan S0deFor mgreaﬁmw&hletovscajtmawwst@ngm ag hwglnb@éaretdeaﬁ@rdgad @n
i nterf 68 ?qv?ﬁ}b‘@e%b %@ﬁ?hlﬁgsé 5’9{&%15 tagﬂgn sﬁf?) gH'bte v?gé?h tfhe

The in ace nay er| a er vvo
the fi evs&cuat&ﬂsja’éll& 522 ad thecaesdral Eﬂpl”&l‘ﬂﬁﬂdl’ﬂl’@ amound ére b@llfargléOﬂramﬂ a

heat co metal. [t is,.ho | s ssihle to choose a

i ERePGs DA PO et e SN ot Pl atiedin © £r08RR S ane!
of pl afe first tuBaG186MiEh Bisd ddfhﬁheé lr@/\nr%h@b"rﬁidtrw&gh if the heat |oad on
the first gas in the first conduit 508 shall be kept |ow 5[ 0059]

Fi gure 6 i sI0P8F] dnithe 9ﬁl£}0d€ﬁ§'ﬂﬁﬂf€'9#reaﬁﬂh§§§9@mfl§20rw "%ﬁldélt%fﬂfsé%m@yt
I on 505‘6@%1832&%&%5@%%% 86ih8 eftbmbite éve}ﬁ%%gei; w?thE tH?easQec%nHEBbg&{

capillary recelves and transports a rom one en
anot he52&rtwt laemctlungnsmlatecbjackeirﬁﬁabphnnallggwﬂnrarﬁa@diticmeﬂ istagnantipas &yer

ol SR et h BERIRATRIdIFist R T BE i Gt bl at e s

nebul i ﬁ@étaﬂl@sgas i§ h&8tedr mrédrad iftroekiction & theaseeent tahdGiad2s bathe Mecordiuit
second_t ube 626 is I| kew se di sposed at | east partially around the
first POHdesagrtivalynby RRExEBRIHAeIGRNBNIWIB28 for gui di ng a second

heat abl e ga@gg‘?Pthé‘ﬁroﬁiu‘i’gaﬁﬁé%%Eté?%u%ﬁndé FhelArsBe R bR’ ﬁ’r’ﬁbl%ta% dtfilar

first tube ."In the exanpl e shown a heater 620, such
r esi st heatehthat thermially cotactsdheifirstitubeaversa whotermroslaﬁemce cﬂmfebf SaeB a

angs nagesq&\/ ﬁ1ayol:pegplteﬁ“ltsgrlrE-,n(fjl { elﬂ%rvx?%r% Pr{[og%hg Q hé&?ntg gf)%g rg],]%s flowing in the
conduit. However, it is also conceivable to provide for heat transmission to the gas only
at selected sections of the tube wall.
[0058] With the design shown, the heater 520 may heat up not only the second
gas in the second conduit 528 by direct contact, but also the first gas in the first conduit
30 508 by transmitting heat through an interface between the first conduit 508 and the

second conduit 528. The interface may be the material layer, in other words the wall, of
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15 parallel to a general axis of the assenbly such that the second
heat abl e gas can flow froma point where it is supplied to the second
conduit 628 to an exit region of the second conduit 628 proxinate the
tip 604* of the capillary 604 in the exanple illustrated while being
heated. It goes wi thout saying that the bores nay al so take a
configuration different froma straight |ongitudinal one, such as a

spi ral itHlegﬁrf‘é‘)E‘ bed1d iANHisARish! P&rqﬂgﬁnﬁé?m@éﬂ Bémﬁé %%%t%ﬁdﬂ&ﬁgs

upstream of the heater 620 In the second con the parts
downst medah fis tHwvdventalso pagsibla to kboszramatedaldar theditst thbe pi Bysutddas

[ 0060] doubl e-wal |l _|acke 2 s di.spqsed around . and., in_thi
bxanp] glas vaafidBE somBIH o iauicr n 7EARES REBHOR At inchigh R43e heat
evacualed orntherfirsl gas iartbe filst cohdtit80®khall Be Rept Ibivon at t he out er
circunference of the first tube 618, igpedes heat 25 transfer from

t heBsecond w&ﬁ%b{&@ug%é,is ¥pfehiURBST sxamplediianAsseaiyiar @ ¢lectrqspeay ion

tube 638,ic8 dcb6rding & pllRAMIES LEtHARVEAtRM RThaks™h dHird] LhSilla Uhht 608.
[0061] In the enbodi nent of Figure 6, the heater 620 surfounds and is

i n t herensivasandicansports 2 liguid froet onsoend ta asgBer endirdashing iotyr2n iopization
t he seco dpie: um, | I | ac

1 ascalth BABCK s S pBY's Ast QBTN AL Rk AEHAL TRR By 561
i nt r odeedh that arfirst domeluftiBOS tforcguidingta firgt heatakkearasabudieas amebabiter gas, is

il trated). | fi ti he doubl e-wal.l jacket 622
LhohT dcmarthirosmaieile SRt panilsey AOAhaseote e S0 b ke rise WHssar ab
gas i s|dagt b%ﬁgfgrddﬁﬂﬁhé ﬁ%’[?ﬂﬁl%)@% §9&]’deaTt a@%%ond\c%ﬁﬂf‘@m ch?‘ﬁl_idiﬁg’gr

that yields additional thermal resistance, such as descri 1N
conj ungesand heatable@as, sch avagiesoivation gaddaicrastes praxinate the firstdube 618.

. | : : . .
o therl HerpEmaT SO thgoRf SER U EFrsRape heatP IS It il gk o
anot hetheesemopt €catiuid 628 laadtmays ba vy loagiedibblybares (natlshgivn) thadiekfeadent
extenaPFAIS Brf GUTTANENT B ASo LY UL R Seel DTS Hgn e fow
desi gnfrdint 1 pbint AMefe & NEWIplied té tHeaskndycopdlLivarg t6ahesdtirédibn df the
capillary, an evacuated sl eeve dlsgosed about the capillary

d
cover i PRFANGrepNdpl G28HexipTate He a4 afithe gppiigry €04 indhgie%ampgillustrated
t . . t 1
o bAfle pERchedR SRR BURG nRRehofcs I ARAGKE LB G
sl eevediffatert é@nea straighp tangitddingl and,isush asenshiraling aseynes longsassfiigécond

tupe encasing t.he second,sub-assenbly of, capill . Si eeve eat et
antl 1 PERTURERE PERe! e SETaR Boa e ol MLt S ra o8
heat tand e padsSdowrstredih ohiid iymentZNe the sebend cosduiteaBligi grovidber eas
the insul ating sl eeve prevents too much heat 15from being transmtted
to the capi nqogp;,_A double-wall jacket 622 is disposed around and, in this example,
directly contacting the first tube 618. The jacket 622 is evacuated internally and, by
virtue of its position at the outer circumference of the first tube 618, impedes heat
25 transfer from the second heatable gas, when heated, flowing proximate the first tube
618 to the first heatable gas flowing in the first conduit 608.
[0061] In the embodiment of Figure 6, the heater 620 surrounds and is in
thermal contact with the first conduit 608, and is integral with the second conduit 628,
but a vacuum insulated jacket 622 can be used in designs where the first heatable gas
30 is heated prior to introduction into the first conduit by an external heater (not illustrated).

In such a configuration the double-wall jacket 622 should extend at least up to a point
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[ 0063] Figure 8 shows anot her enbodi nent of an assenbly for an

el ectrospray ion source according to principles of the invention. As
before, a capillary 804 is provided for guiding a flow of |iquid,
which is to be electrosprayed into an ionization chanber 806. A tube
818 at least partially encases the capillary 804 such that a

(annul ar) conduit 808 20 for QU|d|ng a heatable gas is created

br ox! Talerd e Sk dekap Aatcd 4 Malad 8418 sfdhd Sorldvfal i Adt
an outer CII’CU erence o Iary 4 such that heat transter
f r om t btagneat géd blygathat ywsr@qucmal thermat mlatarpnd lsacly a8 déscribachio

503" ragPBuhifert Bt shstorife ateid P aRBE w4 ndtSiritilfieiired Bt Bt "

about tcb@tdemu bé providedisasigupdassighbethriges io ¢he pefumehtlisseap Sisplayed.
Addi ti onal or alternativel however, the thermal insulation ma

al s® be conﬁ?qﬁiéd':@ﬂrea?gl%&ﬁéﬂar&“?erl 9&‘5“8‘@? AT &N glacreRpraYy|sssembly with
cireul ghdig firéreht &’é‘%t@ﬁ‘%ﬁﬁo@ réﬁéétﬁwd ﬁ?ﬁe@?‘ls WﬁFcWHa% biehitist Bl eat
resi st ance, such as sed SIi1C or "ot ner types of | ass or ceram CS,
or any exbmbwabytm canjunetiepwith ﬂnew@tpﬁaembodmems, lhshovm gldesigpedtinifom a

¢ Ube- 580 ep It & radely Rlog ALK AR 8%spilan, an sePaey el itnoRgboLt
t her mathe depillary iafd cB2Erimnrgd poishe of tHer &aﬁﬂfeﬁy alueg itsf lohgieudiadd iektemsion,

804, an urroundlng t he ca | ar further .increase thernma
[ 49 st aneRtersisnased oot e aﬁ@&%&aaﬁeﬁ Jorvec aiieiibs fargell encasing the

exenpl grsy saﬂﬂa@%mrgo‘f caﬁnza?,ﬂtsue‘évecaaﬂthaa@ér 8P Arovic a%ré’['dbﬁﬂuﬂi CHsewéIPas
t he enbodi nent of ur e The heat conductor 854 reaches or extends
wi t h aafsecend tuhet¢rmsmttbe@ﬁcom1éub@pmbkvfoftcﬁelllﬁm stegve Uiratesand first

or der t

Fecel vAbeTBE bfiding's saBoRFEERGTE THe Rl et BrnisIREETS w0 BRRY,
ext endBows Bh:n@ in ¢lodficst ponduith whepsds tharimsulbtingssleeg: prevehtsrteo anuch heat
subst apt nheat plied to the conduit 10 808 so that
th§5su§ qﬁ?%&?PQQHH%@éBZﬁeQQE W& contact the second portion of the
heat conductops3pFigdid ®ehbys @hoth@d eRfRdinfehtt s se /B fdr B8 eﬂél:ﬁrospray

carryi ng away heat which originates fromthe stagnant 824
sone eigbcHiuiesaecardiagde ponapiesrafitlminyentiere Asclhelota @dwadi t@;ry §§4umr§awded

and ¢ ni SRR o B ot LB 15 B RSk o= o} Sos.

errbod| Adube §h8wh lapshpardiblly eheases thelsapiiarydiBi spchvihetha éanraulaneonduit 808

d f d T i.ch, ..
P8 el e Febtate B8 15 GG ol g 1% pebiark 808, R Wi iflfggion
hol | ovg22 k085 d (di eheutért diRumfenta of tﬂegcé}:nuartwoa@@eh @5at headiraeser item
heat therefrom which, over tine, accunul ates due to unavoi dabl e

i nsuf f {hei @ﬁi@fég g8f ﬂPWénQ prowiradte; the GRail iR Ciblo thadiavidde &ve ﬁ%%llﬂary 804 is
transaﬁﬁﬁ qthe low liquid flowin the capillary. The flange-Iike
part ié% répresents the second portion is at least in thernal
contact wi t906HE Um)mermabsswgtumﬁez orayife corsprisgreobasevaniiaterhelggyve or

80 ch c tion,the t|II Iy unhe as,
ot oRPRe SRSkl RSP IT SaRiA Sl de SRl AEbics SRR R

fl angeAﬁambn@lfy dﬂwtehmtve@o howeter, tiabthermarciasvatomagly disebeicompriaad of a
carries it away to a reqlon 25 further downstream where t he actua

heat er S@Qﬂamf%’? layQrifyst faolloy {ubs; airglaiing ik flow and/ecasalfl lanar elorateriehe

gas t Oyl ét?QS|$ﬂaﬁEér§i§P|re?szuQQ§%ﬁiEé A8 ol RARIAL hacs T dePENRASEr

t he heat eXtchange effect | ange part can ‘have additiona

st r uct amatombimatior hesaoh The operatbethus ddsdigh freedem of sheigs ifortbewheroral
|nd|c%#ed with dotted line in the figure. Furthernore, at |east
|0W§ P he heat conductor 854 may have a 30structured surface as

to i ncrease heat transmi ssion capabilities. However, it goes
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wi t hout saying that the exact shape and position of the heat
conductor 854 are not I|imted to the exanple shown in Figure 8. The
conductor 854 does not have to be rotationally symetric, for

i nstance. It nmay al so contact the capillary 804 or the radially nore
outwardly lying thermal insulation 822 if that is considered
suitable. [0067] The heat conductor 854 may generally be nmade from a

material w tt?bodfx(iWFfiHHé:{ HRIEWEBS 856%})2{5@3{%@ Siét\%ﬁfng IgéE%Eﬁéirﬁér?%éH‘m

and copper, r'instance, are particu thi's purpoOse.
[ 0068] bEtweardiharthemeal insulation 82denid thentwer dicdundfergnoers dixd aapiti anyd04)

i) thi |l f t d,] t.all t _desi i
et al | 6P gRzelndioa by seeTs B 14 BHERL T aY FamaeaRREE o gn
t enper akteigbefoRs @édopibedlin fRVEIéxtv btHer @xemplary @bebddirhent80R HireC,
(Hi %n hernmetically seal ed jacket guarantees | ow background an

d
chefi c&PNHIPKBhRIEYS @i Al ralount therarodimest o Fighie §.adiedeat coprkotprB54
fast euiidiedidr WRddESsitHR ARt BoRRANIAR driinh8FBEAGS o fie NGl (e 850

pOt ent I ncor por ation 1nto the contal nnent structure nore t nan
one gasrdasie koaksict ep bedrimersee vithinatheostagnantrgasuBa4zend (pesive. hgad069]

fror etalRonRRR e iR et SR S et G BERho R ooty iy
wi t houtipsteyarm dntbhategidrewkatict a pabstantizsly emheatesiogases suppliehto the conduit
Mor eover, the capill ac%(#has been descr|

i ndi 1 i Fi 1. N d
Lot a8 spitadt 86 sabsieplaly tinastes See SemcanBid e seared Rartonet Pahess

that t Bgnd@ftbd 859 dirddly! RGRdiRZHY thetebP R dedling 8AH QHrrﬁh?%\%ﬁﬁa@Wlﬂﬁjbe-
The capillary may be ¢oncentritc or coaxial Wth the Tirst tube and/or

t he seocdaidatasifeom S atagoant gas &24. dn somerrmbadiments ihetsesand apgdion, of dhel
ot her | BSVAIIRIEIGS 55957490881 19458 8 $AAGH EPSing portion LARE Mt tube 818
Furthernorée, Cross sections o e “gBRdUT ts ror eHe gases are

depi ct add tle becdralrgeidyit®8ul ar. But also in this case, an annul ar

design is g f | ,_and th i der at |

Cotberni ng. {3088 nthaRatardlREP sba Mhire efBasimrn SROWR SRESlider

Possi blubuldrafesighshineR outpardlcesiedihg Nlahge ik biriothitd diesheliondThel iabe
|

conduits which 25contain isolated condu channels for the flown

gases, PRitadu®) [epipsants fie et prrtion gxi@ndsintedhe siagapat 935 inthe hellpy t
restrigkgh @ﬁlar%ifﬁbt%lt g@fnaeﬁﬁg ahBo GRS Snd SaRe s hdd iibrbREOMRER dve?!

t he prese I nven
time, accumulates due to unavoidable insufficiencies of the thermal insulation 822 and

20 poor heat transport of the low liquid flow in the capillary. The flange-like part which
represents the second portion is at least in thermal contact with the upper closing
portion of the tube 818 and conduit 808. With such configuration the still substantially
unheated gas, upon entering the conduit 808, flows along the second portion or flange
part of the heat conductor 854, receives heat therefrom and carries it away to a region

25 further downstream where the actual heater 820, for example, a resistive heater, is
located and heats the gas to the desired electrospray operating temperature. To
increase the heat exchange effect, the flange part can have additional structural
features such as further radiator-like protrusions which are indicated with dotted line in
the figure. Furthermore, at [east portions of the heat conductor 854 may have a

30 structured surface as to increase heat transmission capabilities. However, it goes

without saying that the exact shape and position of the heat conductor 854 are not
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[0071] It will be understood that various aspects or details of the

I nvention may be changed, or various aspects or details of different
enbodi nents may be arbitrarily 30conbined, if practicable, wthout
departing fromthe scope of the invention. Furthernore, the
foregoing description is for the purpose of illustration only, and
not for the purpose of limting the invention which is defined solely

by t hefiﬁﬂ?ﬁ%‘% é,}aﬂﬁ -shb%ﬁﬁ]Fi%Y}ét& TheCoRHIEDr B54 do%ﬁb{\’ﬁa\ﬂcﬁd%ﬂa
assenbly tor an electrospray ionh source, conprising: 2a capillary for
gui di neptatiénally symretga) tor wistaricel. § may blsosioatact tepeapyleaty BAY @r dre radially

capi 1 1 DI SuEHEARGymg Reirtd Shosbblti B2 s B or S BRoR: T
creat ed profooea] eThé heabgriduator 854 tap geheralipbe Meadeef-omaymagerizil with iow
i nt ernal evacuat ed space, and being | ocated at 7an oufer circunference
of § helMddpTi¢ Naryresiziancen Metals stich A8 AR 87 CORPS] % iNSRCEBAMOWI g
proxingéﬁmhﬂm %@Ré&hﬂﬁﬁﬁ%ﬁnb&ﬁl|iQUid in the capillary is inpeded.
12. The assenbyy of claim1, wherein the holl ow nmenber is an at | east
partially [0068] The advantages of the embodiments include (non-exhaustively) (i) thin
walls of the evacuated jacket allow compact design, (ii) metal or glass construction of
the evacuated jacket allows high temperature operation at several hundred up to about
10 800 degC, (iii} hermetically sealed jacket guarantees low background and chemical
resistance, (iv) low thermal mass of the jacket allows for fast equilibrium times upon a
change in temperature, and (v) potential incorporation into the containment structure of
more than one gas, such as separating desolvation and nebulizer gases.
[0069] [n many of the above described embodiments the exit portions of the first
15 and second conduits have a tapered design. However, it goes without saying that the
exit portions can also be straight as indicated in Figure 1. Moreover, the capillary has
been described as central. This is not to be interpreted as restrictive. It just means that
the capillary is located in a central region of the spray probe. The capillary may be
concentric or coaxial with the first tube and/or the second tube. Such configuration
20 however is not mandatory, and other “asymmetric” designs are also conceivable.
[0070] Furthermore, cross sections of the conduits for the gases are depicted to
be [argely annular, But also in this case, an annular design is given by way of example
only, and the considerations concerning the thermal balance are not tied to it. It is
equally possible, for instance, to provide for partially filled-up annular conduits which
25 contain isolated conduit channels for the flowing gases, probably with spiraling
trajectories. Generally, there is no restriction on the shape of the conduits usable within
the context of the present invention.
[0071] It will be understood that various aspects or details of the invention may
be changed, or various aspects or details of different embodiments may be arbitrarily

30 combined, if practicable, without departing from the scope of the invention. Furthermore,
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2hol | ow j acket or sleeve disposed around the capillary, and the
evacuat ed space 3is formed within the at |east partially holl ow

j acket or sleeve. 13.The assenbly of claim 1, wherein the holl ow
menber is a double-layered wall of 2the capillary, and the evacuated
space is forned within the double-layered wall. 14. The assenbly of
claim1l1, further conprising a tubular structure containing a

2st agn i t I e S

ol | o e iopaoing 1fsertisns [ /plifBe W IRGIAMFRASS S FRLILE b plifase o
assenbligitisig thie anvandionfwhichhisrdefiorg solsiinby thehappersieddilains: r eachi ng
into an 2in p f bul ar structure in order to contact the
st agnant gagﬁgﬁj @ﬁ%ﬁ%iQéﬂﬁ%a "therefrom the heat conductor further
extendi ng upstreaminto a 4regi on where a substantially unheated
first gas is supplied to the first conduit so 5S5that the substantially
unheated first gas may contact a portion of the heat 6conductor
directly or indirectly thereby receiving and carryi ng away heat which
7originates fromthe stagnant gas. 16.The assenbly of claim1,
wherein the evacuated space is bordered by side walls
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2of the holl ow nmenber, which side walls have one of a coating at an

I nner side for 3reflecting heat radiation and a radi ative heat shield
I nt erposed t herebetween. 17. The assenbly of claim1l, wherein the
first gas in the first conduit receives heat 2from a heat generator.
18. The assenbly of claim7, wherein the heat generator is thermally
coupled to the 2first tube at an outer circunference thereof. 19. The
assenbly of claim7, wherein the heg ggoerator heats the first gas
at a 2position outside the first condU|t. 110. The assenbly of claim
1, further conprising a second tube at |east partially 2encasing the

first tube guch th%i % se%incg conduit for guiding a second gas is

3cr dat dd pr ORiFFEERPHH FAPESICHATBEY 190 POYHRE: GESBRBING: of cl ai m 10,
whesein the secopdapmary Br HRIES AOH FAaGIVihieh RCRIDELSieBRGEpray&int an
heat generator, and sorre heat is transmtted through an 3interface

bet deen t heiobiabad chem®Pernt and the first conduit fromthe second
4dheated gas to t I I f ] o b .
ineeLed 5o 1RGSRl Pt RN LABYE) Sl GBRY s o

conslui t andfdrigriding a first gas is created proximate the capillary; and

6 a hollow member having an internal evacuated space and being located at
7 an outer circumference of the capillary such that heat transfer from the first gas
8 flowing proximate the capillary to the liquid in the capillary is impeded.

1 2 The assembly of claim 1, wherein the hollow member is an at least partially

2 hollow jacket or sleeve disposed around the capillary, and the evacuated space
3 is formed within the at least partially hollow jacket or sieeve.

1 3. The assembly of claim 1, wherein the hollow member is a double-layered wall of
2 the capillary, and the evacuated space is formed within the double-layered wall.
1 4, The assembly of claim 1, further comprising a tubular structure containing a

2 stagnant gas, the tubular structure being interposed between the hollow member
3 and the outer circumference of the capillary.

1 b The assembly of claim 4, further comprising a heat conductor reaching into an

2 inner space of the tubular structure in order to contact the stagnant gas and

3 receive heat therefrom, the heat conductor further extending upstream into a

4 region where a substantially unheated first gas is supplied to the first conduit so
5 that the substantially unheated first gas may contact a portion of the heat

6 conductor directly or indirectly thereby receiving and carrying away heat which

7 originates from the stagnant gas.
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2second gas in the second conduit sinmultaneously receive heat froma
heat 3generator that is |ocated at an interface between the first
conduit and the second 4conduit, and is thermally coupled to the
first conduit at an outer circunference 5thereof and to the second
conduit at an inner circunference thereof. 113.The assenbly of claim
1, wherein the capillary is renovably di sposed within one 2of the
first tube, an evacuated sl eeve, an evacuated jacket, and a tubul ar
3structure. 114. An assenbly for an el ectrospray ion source,

conpr i §i ng: The asagmblyasficldior 1,gueteingthe evhcvated spaceistbartiess b)sside wadls

electrospra 0 an 3ioni zation c r; 4a f rst .tub

parfially eﬁg’g@ W@OWHEGEQBF |"V'HF*9/SE"&C\%3[§?{E"%P%‘? ceaiing eita”éf'B?r Side for
gui gi ng a f jefrdctisg hehbragiitiohphdr @ﬁumbmdahgh@mhtérﬁbyed frerstgResn.
tube at |east partially encasing the first tube such that a second
7conduit for guiding a second gas is created proximte the first

t ubg:; ?”d S?HQ%tBEQWbmimhﬂ‘ﬁlﬁE}eﬂlhb“ﬁ?&rg%'in HALALGHFRREEIVES Heat

bei ng I ocat

2 from a heat generator.

1 8. The assembly of claim 7, wherein the heat generator is thermally coupled to the
2 first tube at an outer circumference thereof.

1 9 The assembly of claim 7, wherein the heat generator heats the first gas at a

2 position outside the first conduit.

1 10. The assembly of claim 1, further comprising a second tube at least partially
2 encasing the first tube such that a second conduit for guiding a second gas is

3 created proximate the first tube.

1 11.  The assembly of claim 10, wherein the second gas in the second conduit
receives heat from a heat generator, and some heat is transmitted through an

interface between the second conduit and the first conduit from the second

oW N

heated gas to the first gas flowing through the first conduit.

12.  The assembly of claim 10, wherein the first gas in the first conduit and the

3

second gas in the second conduit simultaneously receive heat from a heat
generator that is located at an interface between the first conduit and the second

conduit, and is thermally coupled to the first conduit at an outer circumference

g W N

thereof and to the second conduit at an inner circumference thereof.
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9an interface between the first conduit and the second conduit such
that heat 10transfer fromthe second gas flow ng proximate the first
tube to the first gas in the 11first tube is inpeded. 115. The
assenbly of claim 14, wherein the second gas in the second conduit
2recei ves heat froma heat generator thermally coupled to the second
tube at an 3outer circunference thereof. 116. The assenbly of claim

14, , whegei nthaesSenBR LR v&ﬁ@eﬁﬁﬁ%%ﬁg@%@@%irém%@ﬂg{ﬂ’ s?&’%thfr{ G

a heat generator at position outsi cond con 17. An
assenbl y foof the fesidobe capewgcuatad sleavean exaepatesi jagket2ancapibulary f or
gui%i ng a flow,0of liquid which is to be electrosprayed into an

3ioni zati onSt(E%%IH’E?er; 4a tube at |east partially encasing the
capillary such that a conduit for 5guiding a heatable gas is created
proximate the capillary; 6a thermal insulation being |ocated at an
out ér dftr cufifassREEIiOT AR SlETRSPTaYAPY SRR ENARPIIBIBE: transfer from

theyheat abl e gas, theibRAGoPHAHINGES Bol3f liquid which is to be electrosprayed into an
3 ionization chamber;
a first tube at least partially encasing the capillary such that a first conduit

for guiding a first gas is created proximate the capillary;

4
5
6 a second tube at least partially encasing the first tube such that a second
7 conduit for guiding a second gas is created proximate the first tube; and
8 a hollow member having an internal evacuated space and being located at
9 an interface between the first conduit and the second conduit such that heat

10 transfer from the second gas flowing proximate the first tube to the first gas in the

11 first tube is impeded.

1 15. The assembly of claim 14, wherein the second gas in the second conduit
2 receives heat from a heat generator thermally coupled to the second tube at an

3 outer circumference thereof.

1 16. The assembly of claim 14, wherein the second gas in the second conduit

2 receives heat from a heat generator at a position outside the second conduit.

1 17.  An assembly for an electrospray ion source, comprising:
a capillary for guiding a flow of liquid which is to be electrosprayed into an
ionization chamber;

a tube at least partially encasing the capillary such that a conduit for

g W N

guiding a heatable gas is created proximate the capillary;
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8capillary to the liquid in the capillary is inpeded; 9a tubular
structure containing a stagnant gas, the tubular structure being
10i nt er posed between the thermal insulation and the outer
circunference of the llcapillary; and 12a heat conductor reaching
into an i nner space of the tubular structure in 13order to contact
t he stagnant gas and recei ve heat therefrom wherein the heat
l4cgnduct or furt regl
subgt antially un eat E’%@Saékﬁﬁ?df%ﬁchfé&%t%nt eéﬁﬂﬁ ui té%snget fg'ge he
subst ant i al bgpiUmw@mcbdlh@ematrﬁymsfenfram thedwapahle ges flowingwrokigemte the
con uct or dlre ndi t ect erehy recejving and 17carrying
é/j heat \/\/ﬁ"fl% ?‘?8"‘%@ ngi "}ﬁ?r#aﬂq%r%{aféﬁﬁﬁFggas 118. The assenbly of
cl apm 17, wher ei g tdtheart Sierciire dontaimiag iacstagmam igas etheanbulaf siuctate beln
2l east partjally evacuated hol | ow sl eeve o acket, a solid |ayer
maf@rial wi Fﬁerﬁﬁﬁ%bﬁ@\éﬁe"r@@|t@QrH%ﬁ$§13Uéﬁ¢@”aafEJ&Hﬁlq¥ﬂéﬁﬁCdfﬁ“i‘ﬁ%’ﬁ@ﬁ? o the’
119, The assg %}g"g 05 |l aim 17, wherein at |east portions of the heat
conductor e a 2structured surface to allow for high heat
tradsm ssi on. 128 heat cargleetdryeachinginte badonersspaag of the twibulae etructure in

COPTT SING: order to contact the stagnant gas and receive heat therefrom, wherein the heat

14 conductor further extends upstream into a region where a substantially unheated
15 gas is supplied to the conduit so that the substantially unheated gas may contact
16 a portion of the heat conductor directly or indirectly thereby receiving and

17 carrying away heat which originates from the stagnant gas.

1 18. The assembly of claim 17, wherein the thermal insulation comprises one of an at
2 least partially evacuated hollow sleeve or jacket, a solid layer of material with

3 high heat resistance, and a combination thereof.

1 19. The assembly of claim 17, wherein at least portions of the heat conductor have a

2 structured surface to allow for high heat transmission.

—_

20.  An assembly for an electrospray ion source, comprising:

2 a capillary for guiding a flow of liquid which is to be electrosprayed into an

3 ionization chamber,;

4 a tube at least partially encasing the capillary such that a conduit for

5 guiding a gas is created proximate the capillary;

6 a thermal insulation being located at an outer circumference of the

7 capillary such that heat transfer from the gas flowing proximate the capillary to

8 the liquid in the capillary is impeded; and

9 a heat conductor thermally contacting at [east one of the thermal insulation
10 at a radially inward side and the capillary at a radially outward side in order to
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2a capillary for guiding a flow of liquid which is to be

el ectrosprayed i nto an 3ionization chanber; 4a tube at |east
partially encasing the capillary such that a conduit for 5guiding a
gas is created proximate the capillary; 6a thermal insulation being

| ocated at an outer circunference of the 7capillary such that heat
transfer fromthe gas flomﬁng proxi mate the capillary to 8the liquid
| ngghe capi Hdahk heatthBrefsh, wiiekiiand faht fdr Asd MEHHRNY don tagts 2
contactlng at east one o the t ermal 1 nsu atlon 10at a ra

i nward si decamdlit partionpi & region sthese astibalaniialbuuneeaded pae is wnmileérto the

cortact s a SOl Feb R s iitafel Hfe a8 e B ecllyelaR oA iy bl
unhgat ed gaghich @ighmies rohpthiehtherhda onsliatiorser thb@kplilagy. subst anti al |y

unheated gas may receive and carry away heat 14which originates from
the thermal insulation or the capillary.
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