WD 2005/ 003717 PCT/ US2003/ 036431 CHEM CAL SENSOR
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useful in detecting minute quantities of a target molecule in

a sample.
[0004] Detection of chemical particulates, contaminants, or
vapors has important applications in public safety, national
security and the security industry for detecting explosives
and illegal drugs. Presence of such explosives, drugs, or
chemical agents usually leaves a small amount of particles on
surfaces, in the air, water, or sediment where the contraband
is stored or handled. For example, particles of explosives or
drugs on surfaces of luggage or clothes at ailrports or public
buildings may lead to discovery of an attempted bombing or
drug smuggling.
[0005] Techniques based on positive or negative ion formation
via charge transfer to a target molecule (i.e., explosive
constituent), or electron capture under multi-collision
conditions in a Maxwellian distribution of electron energies
(with a peak at about 40 millielectron volts (meV)) at the
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source tenperature (300 K) have been devel oped. Such
t echni ques i ncl ude at nospheric sanpling,
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pressure ionization (APl), electron capture detection
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of zero energy, these cross sections are predicted to diverge

as £'?, where e is the electron energy.

[0007] This basic electron reversal technique has been
improved upon to allow for better reversal geometry, higher
electron currents, lower backgrounds and increased negative-
ion extraction efficiency. See Bernius and Chutjian, U.S.
Pat. No. 4,933,551; Boumsellek and Chutjian, U.S. Patent No.
5,374,828, which are incorporated herein by reference.

[0008] In U.S. Patent No. 4,933,551 ('551), the electron

emitter was an indirectly heated oxide cathode with a planar
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“sHEGWH ROLRMIAS in the cathode region which created a
mismatch between electron source and reversal equipotential
configurations. The ‘828 patent disclosed a system that
blended the spherical equipotentials adjacent to the emitter
into the planar equipotentials of the reversal region. In
contrast, the system disclosed in the ‘551 patent utilized
planar equipotential surfaces both adjacent to the planar
emitter and in the reversal region. The “shim” electrode
disclosed in the ‘828 patent compensated for the differences
in initial geometries by converting the spherical
equipotentials at the cathode into planar equipotentials
suitable for reversal within the planar equipotential

configuration disclosed in the ‘551 patent. Essentially the



suitable for reversal within the planar equipotenti al
configuration disclosed in the 1551 patent.
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is useful for improving the ability of a chemical detector to
detect a target molecule.
[0012] In one embodiment, a method for generating a negative
ion in a reversal region is provided. The method includes
providing an electron emitter having a spherically concave
surface for generating an electron beam comprising electrons;
providing a lens stack that includes 1) an electron extractor
for electrostatically focusing the emitted electrons along an
axes to a reversal region and 2) an electrostatic mirror for
neutralizing the kinetic energy of the electrons. The method
further includes determining the geometry of the lens stack;
determining the fields and trajectories for the electrons

comprising the electron beam by analytically determining the

axial and radial kinetic energy of electrons at the



determning the fields and trajectories for the
el ectrons conprising the el ectron beam by
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to reversatsalegiayom andnd) for ebapardsipthe mirror for

neutralizing the kinetic energy of the electrons. The
apparatus further includes a means for determining the fields
and trajectories for the electrons by analyzing the axial and
radial kinetic energy of the electrons at the reversal region,
in which the trajectories of the electrons at the reversal
region are calculated in a spherical electric-field
configuration; a means for determining the number of electron
reversals in the reversal region; a means for comparing the
results of the fields and trajectories determination with the
number of electron reversals, and matching the geometry of the
~lens stack with the geometry of the electron emitter such that
an electron kinetic energy of 2 meV or less and at least 5

reflections at the reversal region i1s provided.
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and trajectories with the number of electron reflections and
modifying the lens stack to provide an electron kinetic energy
of 2 meV or less and at least 5 reflections at the reversal
region; an ion extraction component in ion communication with
the reversal region; and a mass analyzer in ion communication
with the extraction component.

[0015] In another embodiment, a device for inhibiting
deposition of a non-conductive substance on the inner surface
of an electrostatic analyzer is provided. The device includes
a non-solid material covering an aperture integrally-
assoclated with the electrostatic analyzer. The aperture is

in the direct line of sight of an electron emitter. The



with the extraction conponent. [0015] In another
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separation technlques For exanple, in the case of
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onmponents are separated from background air or
wat@armw&mggasS@%kﬂﬂpﬁ&ﬁﬁumicroextractlon fiber. The
explosive residues including a target molecule can be desorbed
by heating the fiber in a chamber or oven and further
processed in a jet separator where the residue components are
separated from background air or carrier gas by supersonic
expansion. The sample molecules are then transported to an
electron-ion optic system including an electron source, such
as a cathode, which emits electrons toward an electrostatic
mirror. The electrostatic mirror provides an electrostatic
field to stop the electrons and reflect them. This reduces or
neutralizes the kinetic energy of the electrons to zero or
near zero, at which energy they efficiently attach to a target
molecule generating negative lons which are then transported

into a mass spectrometer and analyzed.



expansi on. The sanple nol ecul es are then transported

to an electron-ion optic systemincluding an el ectron
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toward an electrostatic mrror. The electrostatic
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[0022] Fig. 3A and Fig. 3B depict enhanced views of the ESA
outer sphere and the aperture located in direct line-of-sight
of the emitter F. A device that maintains the integrity of
the electric field shields (covers) the aperture and inhibits
the deposition of non-conductive substances.

[0023] Fig. 4 depicts a flow diagram of an exemplary method
for detecting a target molecule.

[0024] Fig. 5 depict a display of the TNT negative-ion
fragment signal at a mass(m) to a charge(e) ratio (m/e) of
167u. Time is shown after injection of extractions from a 400
ppb standard TNT solution , a sediment-extraction sample of
unknown concentration, and a blank.

[0025] Fig. 6 depicts a sensitivity curve of the system to TNT

concentration in water (m/e=167 u monitored). The shaded



the electric field shields (covers) the aperture and

inhibits the deposition of non-conductive substances.
wpQoBBP3FHrg. 4 depicts a flow diagram of an exeapiuaegps/036431

method for detecting a target nolecule. [0024] Fig. 5
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and a blank. [0025] Fig. 6 depicts a sensitivity curve

of the systemto Thg !coEcgnbratlon i.n water (m e=167
u nonitored). The s 3717
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sSe, i u r exanpl e, chen1ca|s . associated with
o R e O S e A el ST,
wasmaemmme(frtmdewrrdh@éiﬂﬁﬁ HNafice; £ £XP| Pl yes c%ﬁection of
chen1ca|s in waste water fromindustrial or ry

LoxCe SUPSHANERS diF Bucathyx meubstamtousi ny aduoeds byand
detmlifo(i‘lmol{”r{ég:v@ gﬁfoﬁ’blqr]s'q: Ael e tl on of, elra}vge];%];a}lnqda[plllty has

blister agents app iCabi 7 ‘has
utigidtvedti rpgotitmdtmnmézuﬂiahbryss l’ﬁiﬂiﬁﬁ&% LenIPAS S airports

| dangers, i ncl'udin
andag%r%%%%% neI agg&;st u%$m$ﬂgn1ca a g,I i g

rrori st adt
ter&bel@evab$awim@gion Ris matched to the shape of the
electron emtter using a three- dinensiona
[00R7d| g gk tR B 2ok br i wEcrEl el atm@nrwehsamreglon R is

mat%ﬁgag@gaﬁﬂeogh% _C %ﬁgp%?%lk%%gﬁgace Q? eu§H£§ba0¢hree—
dlmehelehedtfmsﬂdshanﬁkehdjectorles calculation with full
accounting of electron and ion space charge. “Matched,” as
used herein, means that the shape of the electrostatic field
at the reversal region is adjusted to increase the number of
electrons reflected back to the cathode with the electrons
having a low axial and radial energy. Increasing the number
of reflected electrons in the reversal region increases the
opportunities for ion formation of a target molecule. In this
regard, an increase in detection sensitivity for classes of
zero electron-energy attaching molecules, including
explosives, is provided.

[0028] This ionizer system comprises a source of electrons,
which may be from a directly or indirectly-heated cathode, or
a field-emission source. 2An electron optics lens system

extracts and focuses the electron beam onto an electrostatic



at the reversal region is adjusted to increase the

nunber of electrons reflected back to the cathode
woi20ds/005m7el ectrons having a | ow axial and r adCaius2003/036431

energy. Increasing the nunber of reflected el ectrons

mired -t DR eVensds eQ QN JRTLARSeSrithE neRPRGY tHHY &S to
or ion formation of a target nolecule. In this
zeroegard near -izegoe @d e gty ce teeetrigde ssendiadhy iand eyt energies
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may be froma directly or_indirectly-heated cathode,,
of @erogemieglay- eSS Ssourite tAT Wt S0P G i LR RY 2

tar?%%t%@le%ﬁhE@9E§'?ngﬂﬂﬁﬂ§ﬁ%m;@%f§‘%gqﬁﬁhkuﬁﬁﬂ‘¥HéJiﬂko or
| ectrostatic - WO 2005/ 003717 PCT/US2d03/ 036431

neam rzeao Weilchriglyows edieraglsestirldns td@wthaitred-Hen tdrgdeam
zero-, Qr _near-zero ecl ectr.an enera‘qiiiese._iEach band

150 a ;! of
molitelg 689 f1°0M thédttiode S’ SH stopped at— a
(it tp)ang due tirgdd mdlleduley ey i oM dinigl Yzed by a

plurality of stacked planes of zero-energy el ectrons.
SUbRRE ISRty S SFaSAFAHRESHRAG sing a target nolecule is
[odﬂ§f09¥§eﬁ @ﬁo&héﬁer?FQQatQQdaEQe éfE@cQﬂar@?aﬁsé?ﬁQ for

velocity el 6CE T ons wi attach to P e target “nolecule
detand ifray maa oehtamedteenilsts ¢ hrsgatdseesom sipecgte whificiency

("fingerprint") of the target nolecule which js
(ot PR £ BESRHE P St 1O Soans - 2o
usethedmiihpd and Rppandd s alre’ padivadardiemntisef1s @th as

detecting target nol ecul es that possess a |arge
expafdsigiesnaypcludioss Koot iBHY, f%“{Tbgtatra%rﬁiG@ﬂt hefarget

el o- Al [ “rar

ro RS SR G s B TS U 45 Tk (1,
Sadincl (@H)ng RSN TED) PEMN ancadsEIN. (VI gathoswh@ratlesoic

eciy et SIS AR BT Po-cenn
estdhosphp fﬂd&é%i#ﬁﬂﬂ%tlnﬁébfet molecules further include
S- ('2bi s(I-net hyl ethyl am no)ethyl) O-ethyl ester) and
pulmyariagnys tiingraecarmtay gatClin ot esdgng t H%Br/)'i nélRfesgene (DP),
chlorine, and chloropicrin (PS), blood agents such as cyanide
and vesicants or blister agents such as sulfur mustard (H/HD)
and nitrogen mustard (HN), arsenicals (lewisite (L)), and
phosgene oxime (CX). Incapacitating agents such as BZ.
Target molecules further include blood agents such as hydrogen
cyanide (AC) and cyanogen chloride (CK) and riot control
agents such as mace or pepper spray. Target molecules also
include electronegative vapors associated with plastic
explosives. Such target molecules are detected in parts-per-
trillion (pptr) amounts and less. Accordingly, the method and

apparatus are useful for detecting explosives, chemical

warfare agents, and contraband. Separate interfaces are
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pul monary intoxicants such as phosgene (CG),

di phosgene (DP), chlorine, and chloropicrin (PS),
wohkoemdozgent s such as cyanide and vesi cants oPCDIUS108/036431

agents such as sul fur nmustard (H HD) and nitrogen

pro%#?%@r?%égﬁgfe§£§gﬂi89'§i£|8?‘§5E§r£5b}ne389ac9h@ﬁ§ﬁﬂ@als,

ncapaci tating agents such as BZ. Target
or tphecutksmioalbeini dcyude bhdedsagenedingek-as

hydrogen, cyanid AC) and cya en chl aride ( -ﬁng:
[°°$¥bt I%orjﬁhreoltarz?gegng“?qﬁf easa/ n%%sortopeag%ﬂear&épasgll. -
ened§y 98l cBBLERYI BBl 8Re EDELUEEsEhectr ppegative wvapahs

~ associated wth plastic explosives. Such target
mirpereelfesrafe #steepkaned, paPt §hpera PAPPPFGRTEFHYr FLectron

bea%n%ggggsaggrbﬁéﬁ'Fﬁ%cgﬁgEggbﬁ’aEEScHﬁEHeréﬁgon, and

apparatus "are dseful for detecting explosives,

attebemenal ocearkane apgentsenamdieent r AbanegleSspanapgtachment
interfaces are - 10 WD 20Q05/003717 _PCT/LUS2003/.036

andp%@@i@éErPSFlGEt@EFiSﬁr6ﬁe§iPugrl@aFePp%gFgemPF%Ce%%%

eleEheBhCBEEM i@rghﬁééa ehanrcaksachnény @kkdésdensea, the
sediment. [0030] If the target nolecule prefers to ,

eleatravhbaani ghepulegdr §JpLél Ecepenthensybegguent ion optics
el ectrast.ati,c, po [ t ' r elegtirade 4

2T BRREREd, CBo ERab R Resnartencrsy ol scr o baamrs oo

thepasseanthr apghtuhe elfecheomaatst ackhidwmerr.egiloi,s amdlyzer can
attachnment occurs at those energ&g;. The, el ectron

be gft aBHNENPS ARGIPBA Sekfr RECVIRCArE S AFFCEE S5 fagas and

resBilsednode; jkhe nehgel opykeam nstpulisgdeonc, a

attachment takes place, the electron beamis pul sed
quadofiipoleand onhé rewhs sqaaet licosegpoires tigkes qfuitde@htonor

to extract and focus. [ [ f ; ;
tro&ﬁ?ﬁ@ﬁ&eagﬁeygﬁfé of ™ qgtﬁgggkgﬁg?yggfﬁ' h%gﬁgﬁgif?gfem e
alsGafeake 0k ,anrnd Ype cateqddatred @aprtowifde heh e neseddd

mass range and resolution. This incl.udes,_  but is .not. .
=ppLiAPES@T 0, THE QUECIBOTS, OIS . gt i SRR Lve 19
knoWwnMB0hel gl @ zddPENRidalorARMiZRS -and almost certainly

niaturizatiion of the entire systemis also

havkeasi Dlseyaard idepeomsingsr ddb parichoftshe fa@nt cross
seégﬁﬁng§$£g£$§?52 %c%&h?%ﬂﬁ%ﬁt ?&Q§§esgcié09h8fef@ctron
energy). Hence, utilization of target, and optimization of
the formation of the negative ions is provided.

[0031] In general, explosive molecules have an extremely large
cross section for attaching zero-energy electrons. This cross
section varies as (electron velocity)”n Hence, the attachment
rate (or ionization efficiency) is favored for slow electrons.
For molecules which attach higher-energy electrons, the mirror
can be weakened to generate faster electrons at the point of
attachment to a target molecule.

[0032] Referring to Fig. 1, a sensor apparatus 10 for analysis

of trace chemicals is shown. In one embodiment, the trace

molecules are thermally desorbed from the solid-phase
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known to be large at zero electron energy and al npst

certainly have an "s-wave" dependence in which the
wabbeEwesmnt cross section is proportional to BET/US2003/036431

(where e is the electron energy). Hence, utilization

mlofoéﬁtg&ttlaﬁd opukm zapben of 5 rthe EHE@EEHBH @Brgﬂgh septum
ative ions is provided. [0031] In génera

12ek F3s?ReCtiBhetdt esThavevan bgarenthy Bamgée snfssciently to
Vaﬁgﬁitgntﬂgrsgﬁﬁfgh'n@hée5%%$gsr el %%ﬁgé)tgglg@ﬁcélne 14

Cross section varies as ect oﬁsv
intpetlat t adhueneble af et (oepaoataat o0 efiitebgaRYyaks
el ectrons. For ol ecul es whi ch
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thy®adenete t §a gener at eléaa?ﬁ@fo%ﬁciﬁon% L ?@rB éHt
attachment to a target nolecule. [0032 err
caprips jthey %%%%%rc%%bh¢®&@sthxbmgm Bhalgassllmé Iﬂaaﬁd the

sohed odinment,_the_tr
nDIeéﬁ%%%“gféﬁ?ﬁggﬁ%ﬁ?yﬂ%§§%%%a%a¥?5n}?he E%?lﬁpﬁﬂ%%%
between mmm%ﬁﬂfﬂfﬁ'/%ﬁmﬁlﬁi/ﬂ??ﬂrﬁér orl’flce 18 can be
P f 1 er injection
PTG NI LT T
Thes ali e rsad f1§|aﬁi‘}dé‘téc9 tyapordzerd heg %’P&?Xﬁ dn Expansion

vapors pass through the gas line 14
frogyjtist W Getosdpagattor msvide rs&gmlregtasqn qi)f efies abday

o e et T e Veto s i IS geapaasor

[0Q3%kl@bethesbrﬁteoﬁheﬂbﬁahs tBQQUgﬂnbh§49§§dlh@%lééparator

d urce orifice 17 of the jet separator .
15 Hap aﬁ% Od%ta\néfeﬂlatb@élsaolur@@a&ﬂer iafe Wi ook reki rgrerhe

tem@éﬂaﬂaié“%ﬂﬁﬂfd%éeéug fh C§PQhI%§%13:3%tquce

the mass peak of |nterest Istance is a
integ fgmaaw VEP s oS erives eexXjwass icdh arfalomd hEap‘mer GRie to

ri fi. to vi_d SenRg ratlon of th eavy ., nol ecul ar
adsgr?%ﬁt%Spegﬁéglf%%;nﬁﬁ |%?ﬁ%ﬂ§% gi tSapautadd stainless

steQ033InThe pd@zs‘:'@rrﬁfdcblénﬂb\(ﬁ’in&,t gahd idenls gaarkd 1181e and jet
rator 15 can be made of any nmaterial capable

Sepﬁ?ﬁﬁgfaﬁglnﬁﬁﬁﬁeOftéﬁﬁé@é@@ﬁesé@@lfordésé%mqﬁhaaipmaferred
embWAE GRNE0C S NROY RN QdWES ator is glass-lined. The oven and

gas line are typically maintained at 190°C and the jet
separator at 140°C during operation, however, these
temperatures can be adjusted depending upon the chemical being
analyzed.

[0034] An adjustment member 19 (micrometer screw) is in
adjustable communication with at least one wall of the jet
separator and allows for the modification of the distance
between the source orifice 17 and skimmer orifice 18, such
that the skimmer-nozzle distance in the jet separator can be
adjusted. The distance can be adjusted depending upon the
chemical or sample being analyzed and the carrier gas being

used. The supersonic expansion results as the gas vapors flow
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interferant vapors or cause | oss of anal yte vapors due

to adsorption. Such materials can include titani um
wanwsaziinl ess steel. In a preferred enbodi meRrCT/USE®3/036431

oven, gas line and jet separator are nade of

froﬁtaiﬁagﬁérst%%suE% %%%F%%ria%%f%r&%%id%ﬂ?ﬂﬁénﬁﬂifﬂayﬁtly

Jet separator is glass-lined. The ovén an gas |ine

lowareptrgpisoakl yhreughaithed netzz18¢0Cpand ndhe jiten the nozzle
._Separator _at . 140C duri operation, ver, t
B S S g G
molebankgabrbeong, anal yeedcull@@34lr Avnadjcustarentharetdverr
19 (mcroneter screw) is in adjustable conmunication
pregstfcarepd st ToFEiRgl B SRPERS e I&&par d0G &P °F

mo18LLIWs EﬁrthQESEg%E%bﬂﬁk'9%t9%a%%ead@%d%ﬂg%id§¥W%$%}age
the source orifice 17 and“ski nmer orifice 18, such

direkat ohherskixiseofndizwe diTsrascpensonie jeetrageparatior the

. orCan be adjusted.. The di§gance can etadju%ped £ th

Jety&ERERENG PG P HE S &ﬁeﬁi@aﬁngfggéﬁgﬁerﬁé?hdlgh§1yze&

molalkd1the sedr ogls das thel Agt . Used. thke isuRers@irel through the
expansi on results as the gas vapors flow - 12 WO

smajdosradare7 POFLUSIOFS0E6430d MRt chichifeid e Sdif shared

thrbB3O ko (88191 10hss! AR IGANL! Yond OMRYs RISSSY Gore
through t he nozzl e openi ng. en the nozZzle dianeter
equad imech | arger than the nean-free path of the

l.ecul es or ions,_the nolecules or.ipons_enter the .
1003l o GRS JPEPF B o f OF R AGUGC QUBBF Sofi B apT TRBLZe™
alslc0Re falhrr AP hRC WL 1R rHPacTORIR jcets e 20, such that

statistical average direction or axis of flow._The
thes pagssnive leaydes dm ithe Kas jséresdusen e dfary dM"hFEaaF Iy

t ner I Sstri buti f l e e ' '
e ofL B U e b A Sln T i A 23 hay pe
injedtiddc @artadidial iont erenaleratidlliareticc Ereergliers rare beam for

narS el ot o body soll i sons, s AL o pec s
the2 3 1l HidOWERG d it A SANEY JaiNiin 2B sthief edded

to as an electron-ion optic system 20, such that
contain a target molecule (e.g., explosive molecules).
Negative ions may be formed by the electron dissociative
attachment process.
[0036] The READ is a pulsed device and in the first half of
the cycle electrons are reflected in the electrostatic mirror
and negative ions are formed in the attachment region. 1In the
second half of the cycle, the negative ions are extracted from
the attachment region and in the current embodiment are
focused into an electrostatic analyzer (ESA) 24 and then into
a quadrupdle mass spectrometer (QMS) 25. The electron-ion
optics system 20, the ESA 24, and mass analyzer 25 may be
enclosed in a vacuum chamber Z26.

[0037] Any type of mass analyzer may be adapted to the present

invention, including variable dispersion mass spectrometer as
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the target nolecules in the gas streamcontact a | ow
energy electron beamin the optic system 20. The gas

woeas083/1may be injected parallel or perpendi eqras26/036431
the el ectron beam for rmaxi num target-electron

denvelbep. iWRAT NelST £EL€i 60 hflbed, OB HL1EBEEL M ONFe_or-r1ignt
contact the target gas beam 23, which may contain a

ma g3 r RS oI S ( dnzgneekpl 3¢ ver ot es uspe)t roMiegat s yeion
{on h ron dissociative _

i ralaF?'t iﬂ?ﬁgﬁ%&é&%{ rPai/%% 3%? &I‘.I%g&@ﬁ i st pulsedbevi fav-

Theampddrugel d imasts haldlpfer t EMycl® ‘@_she:cct%pm @dts@prises four

wod SIS A L LS T T IS TR,

a caowd Dald Woftd he gk &f tﬁkﬁn%dé’ﬁ%@%ofcg%%s for

extracted from the attachnent region and in
holdimerithe fiaftmatearat Hadusstls mb e ef@ct rosd atiect rodes

|z ) t | Nt a quadrupol e mass
anf%gé%%l?rreot(%%(a 5?% a%gf %ﬁe nittrhoen%oéh C%b‘%‘f%%l%%s%mer 8
(sez0, farhexE8i 124, thdatmsNand yrer, 2% )nay ?e encl osed
i4%-a vacuum chanmbey 26. [0037] Any type of mass _
[00gR] 385 heye b%pﬁﬂgﬁ?%t{ia Pﬁetbﬁegéﬁﬁtwﬁvé?ﬂisoﬁ?’ a unique
Firn inftg orardnabhe dHishersl o Jmss, difTBL LN @S evartin
D 2008 0637 13 P 003 Caers escribed 1n PAFELNG
SaMBSI-i ¢ Aok On thiftse P BB/ A3 Bortliimet dfo- filigghitensTasiements in
S onet , net.J sect.or nass . spectroneters, |on
they ng%fs[tan lgﬂ% %gﬁ %E!r%&ss?ys?pleedt Foreter s t¢h e HtfRc 40 the
atthewmeThe regddnupalee exrss caral wzer fdMBeS fopigal |y
conprises four rod el ectrodes placed in parallel to
ele§%505§ﬁﬁétcr POAIYY Sar dind) & “‘cetéiChagied laatts &hsal mwsfy from
entB@ANGORAWCK%e RELAers$ ek hokding dhhe &%&%ﬁ%g%&‘%ﬁdes a
both ends of the four rod electrodes and a pait "0
methpgt 8¢ Poif feranpilaget b enorgeshdec tinde phxasli]dtémﬁa i(see
X at . w12, 459,,315) . [ 0038] The mass
Pro e OotEP ST Phe AGgRIEy E0Pdhs TFs 8 uArgas Ve Lons are
notfdmgéepehhﬁaoédthﬁepﬁé@bC@Eébt&ﬁﬁCMﬁ&lph%sﬁ%hgb@ e o
,startin sar,TBI e. Due to the potentials applied to the
Unigifg éPgﬁEHF% tnof the species of interest.
[0039] It is noted that positive and negative ions can be
differentiated without the use of an ESA. For example,
differentiation can be based upon the arrival times of the
ions in the mass spectrometer. Negative ions are focused into
the mass spectrometer only in the second half of the READ
cycle, while positive ions appear during the first half. By
excluding data collection during the second half of the cycle
the uniqueness of the negative ion mass spectrum can be
preserved.
[0040] Referring to Fig. 2, the electron-ion optic system 20
includes a spherical cathode and electron extractor component
(F, V1, V1') 21, a reversal component (vV2, V2', V3) 22, an ion

extraction component (V2, V2/, V3, V4) 27, MOSFET switches
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the first half of the READ cycle, positive ions forned

in the attachnment region are extracted and focused
wonvw/wsm7el ectrostati c anal yzer (ESA) 24, whi edT1/US2003/036431

defl ects themaway from entering the nass

(Slglg??t %%”%Frﬁr a yi% c"}:{S%otnt%%rogleB% RV 'Nmﬂ' srwmgest 833 .

erentiate the negative and positive ions produce
Thei NOSHETREADL chie st lagrep apictriare. canad. Iye gatsions. dtats wirtdy the

not differentjated the spectrumw | |. no_| onger
SPhgTigaily &Y 'Or?&ercﬁmpr?fleélfr{aiﬁre E%‘&ir@éf SRt %2 and
thel Q039 dtlracs 1Ret @ridiRterROSIT.I Verrand tdase daaffodzan

be differentiated without the use of an ESA. For

comprapite 21 dincladest iaat iedie CHPTOETATEF ugon Theuch as a
di r%ré:écg&{a—lh etalt%%ls c%ft htoPi(;%C J° g‘chdiq: eté"?:%ﬁg-q%sat%% L QPL B epr enser

ve 1 ons are use Into mass SpeCt ronet
catorlde .i n Thke edecandrhadurafe the REARLexydce amiititeer or

positive ions appear during the first half.,
cat BRRRdg s BTG WY % HE ST (Chgy reversal
cordddegicloe | t he wwpiaueness QftHdwe negal ined oe#BiSs, is
spectrum can be preserved. [0040] Referring to Fi qc _
defad neche@ seleestartdredicomaoiit & yEIERVED SUHEGRIeL R enitting

spheri cal, cat.ho | eGt ct ' t
B L
eleﬁ%ﬁ:o&ﬂ drit t ex toaac tirml wetmpdreents WhiN"s DBy B )ded7grmine

SFET swi tches - 14 WD 2005/ 003717 PCT/ US2003/ 03643
the gi.okd) o3p Hhird sphaode e it §ng e MEEEE Wi Hes the

catfff’ey%e e MEREE isdLhes are arenad ionaldywassaciatagn that
wth the spherical cathode conmponent 21, the reversal
2r denporeerite2 X hamd thate wishfext Mt rfeomptierd PR mius of

spheri cal cat component. .21 .i ncd | ect
cur.e‘% et aE(CF) aﬁ%og%)c% c:a‘—’lsn& aoqeediwrleécltttllk QA?Jhl:lg{e%ed cafh%glea{ ggr]rue
henlindiHactdal- haatetoxicle nil:spens eflecatdrodani Shicon, electrons
el ectron source (i el ectron emtter, or . cat hode

emiFt ahinaR Ta iR 1R (Hatt i ITBEURRRES it oL £ e Feveh s tial
dirfe?mgie}f%feg%atsjﬁ%aﬂ' o oéérg&LLcaﬁﬁﬁoy@'gh@%%%f‘ei}?é Nfocusing
g a concave surface for
anderddddlgrating lens elements, which will tend to interfere
with the desired shape of the beam being formed.
[0041] The reversal component functions as an electrostatic
mirror to reduce or neutralize the kinetic energy of the
electrons at the reversal (R) position 32. The reversal
component is comprised of electrodes that create electric
fields. The electric fields act as lenses which modify
electron velocity by reducing it to zero or near zero. The
electrodes V2 and V2' comprising the reversal component may be
a conductive metal or any material suitable for such use. The
electron source and reversal component comprise the lens stack
36. The geometry of the elements comprising the lens stack
are shaped to provide a reversal region that is matched to the

shape of the spherical electron emitter. This is accomplished
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electrons that is part of a hem sphere. The design of

the electron emtter can include the use Child' s Law
woaod@oenm ne the width of the spherical cathedeusiiee/03e6431

concave face of the cathode can be designed with a

radi .of r re.r that [ ;
by ta%%tllﬂz\%vilg]tgh .%%tré d éc ¢ raé%gzlhc N gﬂﬁwse aft;(fl}%s%g &%{Jtr%/ﬁzl%urhrle
surtfackal foft héec atevedesali didmpairdntr.esulrt dantarastueco previous

hem spheri cal suyrface far Xi.mum el ectron eni.ssjon
met@i_ogt,st'r&ﬁ]‘? SEREER In EFI IS g atechet}}?erﬁas K% Of the
pre¥dnlt RRM& RN Al Al cAiveaaldPn o BIEY equipotentials by
perpendi cular to the axis of the focusing and
st rad gbltendion ¢ Nean s rdlce mavitas, L adhisdie i ct do

interfere wth t desir hﬁgq t bej :
co fgﬁﬁ% i ec 1[067(?4 1] i}'the% %ree%?ress%qitio oneg[{n’t %bﬁln%ﬁaaognls %acgsj&anntlals
areehedintesingld @ hrdugharut aheductanr new .ralfizen tdethode to
ki netic energy of the electrons at the reversal (R .
revggsiah P BP T The Figdls And &@?&&%ﬂr%%s @oﬁ?prw%l(fo%d using
a t8 LIRS dikdla 1creat 1R Ll B 1 § dd i@l e s The @lest1de with
fields act as |enses which nodify electron velocity,
fulBy acethwoitigd ©oft ¢ laatoay atehri erapackhechas @t r dgsically

V2 and .V2'. conprising the revers qﬁ!‘%lo ma :
thecéﬁf‘glf&]ia&&oﬁ%tlﬁ or° ar?yonr?ar}terosﬂz;l%smlﬁ a 206 (ﬁ)er' sﬁTckﬁee q@allty
of 4R rEierRiEUIatSoly et ant reverisiadn gomponent how close

conprise the | ens stack 36. The ,geogjterr of the,

th@%ﬁ@;{@%ﬂfr} $hfy J%ar%lﬁler?sn%ta&ﬂ@l fagef 115 reduced
to %eq:\’d,d%sa Suersaly regioneihat: &5 Matedied diadibegeometries

ape of the spherical electron emtter. This is
whigge anpd liwstesd lersh poAd 2008 0087y FCWaIsS20081 0dsdHegree of

by anal yzing el.ectron .trajectories.,at e : :
Spaéiyﬁjicg‘kﬂ%het i]%} ed%% r?]aec%tsroor# e‘f e e\s;fek}es ar{'é}%lotn%%ln%%tl.s I'n
acddBIriasted QPr@mw Oishg MEtd agtsuputher spbue | B@t these

equ{ potentials at the cathode of the present nethod
quagylel thigts cdnvidrt eeP Gt eplBanar equi potential s by

[Oéﬂ%#ﬂgﬂge@hegtEBﬁ”bEEhpi@a%abg%g—%ﬁ%%tﬁb@uﬁ%%%@ by fast
configurations. I'n the present system spheri cal
swipotlesd iRl-S. wiehnai nearhgdS50hr dughioaycihe syseem switches

thode . to reversa r,éag't%w)ﬁs)l:i el 95’ and.

i.e., f
ard \ueisn TR G ST ¥l £l

between full-floating lens voltage. Electron attachment to
the sample molecules takes place at the reversal plane R
during one half of the duty cycle when the electron beam is
"ON". The resulting negative ilons are extracted during the
second half of the duty cycle (electron beam is "OFF") and
focused by ion extraction component (V2, v2', V3, V4) 27 onto
the entrance plane (Wl) of a electrostatic analyzer (ESA) 24.
The extracted ions are then deflected by the ESA to insure the
sign of charge, and further focused onto the entrance plane
(W2) of a quadrupole mass analyzer (QMS) 25.

[0043] Electrons are generated at the electrode F and

accelerated into the reversal region R where attachment or
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a three-dinensional fields-and-trajectories

calculation with full accounting of electron and ion
weoepems@oshar ge. Typically the cal culation i s aPCT/US2003/036431

conmponent of conputer code. The quality of the

dis§ﬁ¥f£§fg eé@EéEHHén@t bﬂ? QesbﬁhﬁmeRmo&e@ulegoﬁhﬁbgsplace

elr velocity Iin the radial and axial directions is
FasteducédhesoSzéhopwh§aﬂmﬁaﬂmﬂ9$8a§naQUﬁhﬂg(9$Qﬁhq%§n$YC1er

thegh%big eg%ga gédééh Ch n% %Q%és ﬁﬂé 89% E%ﬁgﬁatkgns

space chargé™In
ana@&@gtrgm @ﬁ@ﬂhgThﬁeﬁﬁébbﬁﬂlhglES acﬁenpbﬂsbeddbpy the ESA
query g t he conputer code faor these uantities a%
aretﬁ@cuéé t%@ﬁORthFO@M§]a?ﬁelBﬂégﬂgBﬁlb@gﬁ§?§ are detected.

[0028 %ﬁd{%%ﬁﬂn@hﬂ‘ ast gsidehes: ShShaidd #ne

cycle. These sw tches are power
enthﬁﬁEETtbaapdrturenQOrGOhHsEHGSmetblnl§§At2#ess provided.

between full-flqgating_lens_volta ey r
Bs BEPRCANENY D3-“the BaRBPE Aot Ecarot Paret sHL4gE dpotdes on
elek€¥8E8aL 1Bl ana1RzedurnEBg)one. haﬁheOESAh@rthﬂeGyalmeans of
when the electron beamis "ON'. The resultin

diffegantiatinasnapatéxer abfeBOduiNGg £RES B¥cENEIRG BSofD
ele%g%oguEXegﬁgL%iﬁ%E§qtr%ﬂcﬁeﬁggkéruﬁggukeaﬁ%X facusedstatic

on ex tion conponent V2' 27 onto
or émecembmagnetpbaaee¢@&)aohlgzekecpndsgamed awal yher present

The extract d d
appﬁﬁsa gﬂnvofPﬁsﬁﬁém%ﬁ ?ﬁé%n§fcé ép&glcg dS %%%ﬁ@%*atlc

anaﬁ?%%%edanboh%ﬂ%N%ﬂ%&é&@Q Rhare ro\Wak ief amaquadrupol e
mass anal yzer ( ) 25 0043] El ectrons_are generated
[00461t Héega bkte obenF Epmedcelel Brat BAVERED! t FRIF@VerEg| Tocused

ons S8 BUSE00LS SHACHIEN L o 16, VOO DR s ¢

theSagplse efelreattlsed nt akes fllrace halFastt dhiet &E@@ Silsf-@&

pul se el ectrons on .during hal f cycl e,
Posﬁédé(ﬁ HOTSoAOTIRE AW Fs %ﬁé LE&Y %ﬁgéltolnc N alesle{é: Poted

andZ%o@w 0 14he seeondzhald od qrs isel ated sy ddirzSAy
are focused into the QWS and individual nmsses are
defdetcest dthe Uroadled pPoaidtifver iomsodWhtEron gaiede frthe

mas%m§%égtﬂ%ﬂg%%r Referring generally to Fig. 3A and Fig.

3B, the present studies have determined that the outer surface
of the ESA at position 38, which is in the line-of-sight of
the electron emitter F, is susceptible to contamination with
non-conductive material. The non-conductive material results
from the decomposition of the chemical constituents present in
the sample. Such decomposition is attributable to charging of
the outer radius of the ESA elements by positive ions.

[0046] In order to reduce the surface-charging effects of the
ESA and inhibit the deposition of non-conductive contaminants
within the apparatus, a device 38 (Fig. 3A and Fig. 3B) which
resides on the outer sphere of the ESA and is in the direct

line-of-sight of the electron emitter F, is provided. The
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entrance to aperture 40 contained within ESA 24 is
provided. As previously noted, an apparatus of the

wonvesmnsan i ncl udes an el ectrostatic anal yzer PCESA2003/036431
24. The ESA provides a neans of differentiating

devgggagBvewﬁggepﬁéﬁkkgﬁnhﬂgsthg @9%%@%1%% 3% tgleectron
ener ter. Such |ﬁt r may be any électrostatic
eleotreBEatnonﬁgaédLcpeﬂeegysaaakyﬁapedoﬁmmgaﬁ@daﬁ@@ telte the

e B B3 e fBRL RS s SYETL 2 B0 2 LAY e on.

The€hegt castat b@m@&@b)ﬁz ef. ahQ045) chegat ithati @hg eflersneteat
the reversal region are focused onto the ESA 24.
entHgnegeko dhe ﬁ@eﬁﬁérﬁoﬂ@nppél§O§§pPP§ddﬂ§rUEﬁetm§h§assage

of glggﬁgbé ﬁgnghﬁhgb %E Lf pefy bhe REAR{GYG! €the device is

tfive ions forne he at t achnent reglon are
com@msedcbédanqnmatemuaédthatodbbe BSA 24mpd ewellly, PHewent the
ESA ner al,l

def | ects th ositive |ons
e Eagy CFr BREGHLER H6 End ol o hatt PG HeretTend0  The
devg%@e&§|FﬁsﬁQ16h§d 3A and EBn@radBe UFe apleaseiie ﬂﬂudl@®erture
have determ ned that the outer surface of the ESA at

40 pggwﬂd@ﬁ QSChWﬁm@H|h@ﬁ%@ﬂﬂ%§ﬂ|®ﬁ§Qﬂl@§ﬁﬂﬂW%ﬁh thge ESA
thr% gﬁt on C %ﬁ%l%@ 1%n%u%.qﬁtE$heE%%dco&%. d&ﬁfdﬁ“can be

uctive mate e non-conducti ve
remﬁ&hbﬂbabrr&&mFMEmdMHMhdlﬁzode¢mmpﬁﬁﬂ¥iOn of the
em cal constj uents res the s

[Ooégéon%d%?Y}%% 3% BoT T bos |%t Bh%h%?bfﬁgg%fOftﬁgerture 40

cano%teera FRGhUS Rfr e EMRILRERS By RRYJUs édt@Sial that
[0046] I'n order to ‘reduce the surface- charging effects

progfidelse a ESNnmhihMﬂﬂﬂﬁﬂlﬁgﬁaﬂﬂﬂﬂ%ﬂq|&n$Qﬂ"SOlld surface at a
non nducti ve C tay S th r
o100t TR 07 FR Tl 48 Wieh oerace on e and
in ?%beﬁlgﬁhﬁrﬁuﬂﬁﬁdﬂ%dﬂ@hﬁﬂufIﬁheleﬂduiﬂmHWEM1tter F. The
I ne-of -sight of the electraon emtter ovi ded.
devig W17 WO E005/GOF LR PCHIRR00d Gt = Foi e 381 the
Crl\MJ_IC] g PRI N 1Yt ke driiegr idhe Qfetite c@rﬁ%ﬂéﬁérﬂi idbout

presents a reduced surface area at the
10 oClO|ft iac &lo Irieyisorr ffcet e cESA thidte sydesta bleegipn, thus

redQILATLNALLON . oo FRVieSd.S LOMPSRT ol St eri @
contaminants. It is understood that any amount of solid
surface which is less than 100% solid at the indicated
position and is sufficient to maintain the integrity of the
ESA electrostatic field is encompassed by the present
invention.

[0048] Referring generally to Fig. 4, lens stack geometries
are initially determined and subsequently modified to
accommodate electron trajectory information so that electron
reversals are matched to the electron emissions. The electron
trajectory can be determined analytically from the results of
the axial and radial kinetic energies of the electrons at the

reversal region R. The axial and radial electron kinetic
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entrance to the aperture 40 but does not disrupt the

passage of negative ions through the ESA 24. Further,
woheoseyiice is conposed of any material that HOBRSBW®B/036431

conpl etely prevent the egress of positive ions from

enet he eﬁgértehro%%%h ri;r%r eué}lg fg)i;rgp &€ |%0 o§| tioned

entrance O aper erture prOV|des
Alt@rmaﬁﬁ;@ly Nteegr Eﬁ]]e}t:—t&&:ﬂ*ﬁdjrﬂij&ﬁ:’nmﬁjfed rcmrE% etztmugid

. Which positive jons exit the EA Th devi
v siedwalive S HAr-Tool AT qogALogtions the
ele%%\.’docﬁe e3P oRikdoned @ale tﬂ’lﬁree!bta[lark‘%%l‘gn aperg e A ectron

can be a nesh, screen, nmenbrane or any porous naterial
enetrgdte s pv@d\md@e:eai mturténa trﬁ‘mﬂhg@@fmﬂn&lgﬂéﬁ less than 2

me g%ns l Iéld Surn]fbaecre %ari t%f & ttlo(‘h trhe 'e%rle g:zrclﬁ)c@éaﬁrq flkes in

ere

thd Iﬂé&re@fs—aﬂ.l gfagmfn tihe n&iJﬁCttrl’Dsm &g ttth’:Hn Fhdhgeontenigeof the
will present |ess than 100% solid surface area jn the

Lend X594 oI GIRDIR AR G AN dOICERT pritEn o tack
gedRAuly HWORS @ Rdd RIrfiRC & Haa A1 IhecSiddiLad 1ectron

regi on thus reducing by about 90%the naterial to be
emlct(ialecgdwﬂetmnt afiment s:he teritsl ugdegrst cabndiaty oy

corBRU S 1 PUTIAGR L 5 2 S5y i A0008 0l 1

anamygﬂsal n the integrity of the ESA el ectrostati c field
i s enconpassed by the present invention. [0048]
[00&&er FRRgLBAFERFY E60PREIY4, (1 8ns Sh&cRIgBENENF B9Sitions

of & 'éléédea}léé’ A&l 1"@1"}%9 and sybsequent) ylémﬂﬁ{ﬁﬂliﬁ

acconmmpdat e el ectron trajectory |nforrrat|on so t hat
deted mrcitrragh anrde s @uaartel yratadietiied shecldtecit obs matched to

em ssi ans e tra ctory can be determ ned
theargaq%e?qccr&f %{lm C]heeq}%%rbl?‘!éeto? “the axial and radial
[odgaet ‘l‘ﬁeeB%&@éeéhéﬁ:gbhalgkeﬁbﬁ@ﬁt‘mabft hee eeversah beam and
region R The axial and radial electron kinetic - 18

1 engD GRO0SY DUSREL TPCH USTITOSEB 10V efet ¢ kat Jprs or computer
O%? ai ned, J1.om ¢ he &%ﬂir‘&% %ﬂée‘%{eldﬁl Ieinatiyelyories

el'ectron trajectorles ca e exam ned
for the electrons in a spherical electric-field configuration

includes any means known to the skilled artisan. For example,
the Herrmannsfeldt field and trajectory code can be used to
calculate electron trajectories. Additional codes include,
but are not limited to, the MEBS code (Munro Electron Beam
Software), MAFIA code and VECTOR FIELDS code.

[0051] As the electrons approach the reversal region, they are
slowed and their kinetic energy is reduced to a few
millielectron volts. Their energy becomes almost entirely
potential energy. Sample molecules are passed through the
region of low energy electrons. Accordingly, electrons
emitted from electron source 31 having a particular energy are
decelerated by the reversal component (i.e., electrostatic

mirror) 22 to a zero, or near zero, longitudinal and radial
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visual ly by specifically noting the nunber of
reflections the electron beamnakes in the reversa
woegism37iif the el ectron energies cal cul at ed BCTHIS2003/036431
reversal region R are Iess than 2 neV ~and the nunber
vel%01t etcttl %ns.‘fe%q:s%le % be&m nsI t‘le%m.tte(% from
region is nnr Hhan 5, en e geonetry
thet I‘eeedtecm scanicd Suaameptmﬂmmptdmmﬁdmt'ﬁrmq ent i kimetic

| ens stack geonetry ca e.matc 0 the spheri.cal
N oGO SO ol BB SR GiE GBI fy 2 RIS ity | The

redi®Rs FLURIIHEdrS r&NS A8 %dc Gy r&é&&mﬂ@rmrror is
fields and trajectories analysis. [0049] The |ens

comgpirdcie dgedmet rapy(tilad. e&uﬁé\tsrm%eswewbsﬁqvwl dflangs along
elenent S, | .

thedexgﬁh]negggad_ &gggéﬁgh ly%ﬁ%%%%&%%#l éeg%éﬁtrons with

lownﬁﬂﬂ§ﬁid(éndﬂyy'@eQmEhﬁQVdﬁsdihbﬁﬂﬁﬂﬂﬁhﬂseﬂnlddﬁrons with

[ 005Q], The space-charge distribution of the electron
highedmkamet 1Rl f&diretri es can be determined by

[Odgﬁlcufﬁé'Qﬂéc@koggﬂgHEehlr9999§s AcBegRadf @b facilitate an
detern1n|ng the fields and trajectoriés for the

intelrsstatdes ibetaresgyhdrtiec alpadl el ra>d'—efrite|cuf cord i gRiFiisdn Planes
udes an ns .kn to t he rtis 0
and 3—%1%) atrerananonsf e}} tafr Sé( nllg L?la%]}ec or y]f%omd’e
thec‘x@byb@ruﬁﬁdiltr:g aral g et espeshﬁsztlr mvdﬂaq;ed:t@trw@al the slowed
Addi ti onal codes include, but are not linmted to, the

or \ESPRESHE (T EI B it BexifiS S VRFE)es vari e cyernced
spatd 1VEGH Q'ihaga %&R%é‘&%es {103 s A dhsy %@%f@é@ron
approach t reversal region, they are slowed and
at tteludimerki ret |tdleemaxx§geh sugleguciess + 0 Thdwsfore, an
mlllgi ctron volts ir.ene becoq;s a

eleéﬁ‘ﬁ &Jel}ﬁ(?ral fent ylmée on rﬁiﬁ ecﬁﬁl nrreodf’ to avoild

pldﬁﬁﬁﬁﬂiéﬂﬁénﬁﬂlﬂdﬁb ﬂdﬁﬁﬂﬂhéﬁs|thKﬂ§HéE@¢ﬂﬁﬁﬁﬁiﬂﬁb mirror
Accordingly, electrons emtted fromelectron source
becgistad aafH)arret‘{%J%ﬁaa]r Gy Hrel TRER erHtEBY $RRERe
red RSl HUMMNEN K - Gpar £ LOLOMAN Cin WAL Lok Anat &
near zero, l‘ongitudi nal and radi a
lesﬂ)OﬂiﬂO&WW/dﬁm 08643lap with the target beam w1ll

occur. Similarly, the electrostatic mirror is designed to

=

avoid low voltage potentials on the electrostatic mirror.
Such potentials spread the reversal planes out in space which
encourages 1) poor reversals packets for high electron
currents (packets are of too high a radial energy), and 2)
larger planes in a spatial extent than the target beam, hence
providing less than optimal overlap or ionization efficiency.
[0053] Subsequent to reversal at the electrostatic mirror, the
electrons which did not undergo attachment to a target
molecule present in the gas beam are reflected backwards, and
travel in the opposite direction through the electrostatic
lens systems. The present apparatus provides a mechanism for

confining and focusing these "backward" trajectories such that
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velocity at the reversal plane. The electrons emtted

from the electron source have a Boltzman distribution
wofhodsiogtirc energy with a nean energy of abouPCOUR2003/036431

electron volts. The region of electron reversals at

thdile & ety o8t afil & fAdd Ofny '1§’ne COMPyd Ses-0of s & spatd aforward—-

extent of stacked reversal planes along the axis of
gonﬂgadkﬂﬁtﬁgﬁﬂtﬂﬁjé@ﬁomﬂ@ﬂnﬁmxeningeﬁhﬁﬁW@N&I&Wlfﬁthmm
j hetLc _ener wi.ll reverse before hos el .ectrons
od 4l e gReP K hierc CEne By oL G08ST ThE CEPae: FatERreEt and
of MHd Alerl$ HAesdtignetk teofmeiiddBde ©h a | ddms$est | OFmprising
bet ween the spatial extent of the reversal planes and

softtE@ aprat iTahe saidiaes Qm%im%%%tt%l M rya_t pelagn Lens
stah{l? gt éﬂwgc@ cethopatd l %&@pc YRER: t he

opped el ectrons an t e target [ ecul es.
Mod]"jltélcaiﬁmam‘fechn sipat | @l e ovierh agnd setr@ageso f hee efi¢ces ehtytes a

el tron tachnent to the et nol ecul es
rodh o i T R e o T ST hE Rt Bhe Lens
stddk dJ.Q§|chﬂ%jr tio s ghed! aed Nohi & Yer Vol tisgiew o eat et Bons
on the electrostatic mrror because a sharg reversa
P

withegion Wﬂ&?tjf%r%elwﬁ’sa%a?fbe FaxEe Ao 6P wpTeSpRt in

pat - t C t :
en Sl s L0 LB P b L gL (i
andxﬂig SHinmlarl ypledterel ecdtrlostate ccaicubated tesagselderical

avo W volta ptentjals on the electrostatic

el B R R SO PO L2 2 S LGy S e oot ot
equibSRAcEI L ch  enceskegest 1o p@@évi@ugré@ém@@pk@éﬁectlon

for high electron currents (packets are of too high a

systaiial soreegal dneePgctonigerapt ames 1hneaspagdainto a
paff £ %. o0 M@-iféﬂstc&?g{n% gefgnspf%géngahe@g%g% to

Han o overTa ron efficient
moﬁﬁﬂpﬁﬁnﬁﬂélyold@NBiSﬁltmé thenel egtodsebéccronr reversals
the electrons which did not undergo at aéhnent to a

OCFHF R %%IEQ%I%e$?€§%%tr?%l?%e1§ TPeantare refl ected

[0PEK WL S o 4 thlcayRls it e RNReY ke ditiesldMbries of
through the electrosStatic |ens systens. The present

elepparas ush prove Hest vomectaat sad f oystewntavig ngeandlimited.
sud9CUsi D9 L hes&,c paskyar i ; KLA) 864 OLL Sy SHENLBat nto

sections. For example, in U.S. Patent No. 5,374,828 ('828),
electron trajectories were calculated by dividing the system
into two parts: part 1 included the electrodes 11, 11', 12,
13, 14; and part 2 the electrodes 12-17 (see Fig. 1 of the
‘828 patent). Three electrodes 13-15 were made common to both
parts so that fringing fields from part 1 were included in
part 2. After determining the electron trajectories for part
1, the output trajectories were injected (as initial
conditions) into part 2 at a position on the lens axis where
the potential was identical in both parts. While adequate,

the partitioning electron trajectories and subsequently
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- 20 WD 2005/003717 PCT/ US2003/ 036431 their effect

is included in the trajectories of the forward- going
wehewstoosmn7t raj ectories entering the reversal regras2003/036431

[ 0054] The geonetries of the spherical cathode

' 0 bokhechens stackahe comanigaledd aran th
pleggﬁgu?glr%hc%%%ﬁ gioﬁ% %ggf ?vva?tg Tr?e tsg??vvare optim zes " ©
methbﬁl peesentydohetdeenl.ens stack with respect to the

spherical cathode conmponent.. Mdifications in_ th
[00FRICt P55 enf 481 SPIF DT | S nbkBest PATEL: SCoNBH P gt PR 1o
stalck Bhe geerRur ites prbwtike comeerents afedile l@ns ist ackcched
in order to enhance the interaction between el ectrons

to wiheh shewekiofetthe embiegy-cadd lies trargmirdicgoul éde small
I t ) beam-whi.ch -t t r ;
serBREAET A 8 9L Mgt et Aol s
2, aneadal eu)ated iexaampdpisedicdlow dhectlens fitelak can be
opt TR LoD Ll SR TP Sl P LT e e by
ana3RREMC &1 ddtalRC A 1R 1R di0tad itIRAId AL It il surfaces
paral I'el electric-fi'eld configurations. Thus, an means
of tihe mevensredcicoaipprieddnt i fQRQeh&hgudmiitthp lofand leetronts
reversal c rj ' eV r.egi '
oS4 ahe S35 A e e o HERAN U8 qanetry ot
the radjeetiran ewafce .elrectymns duslan reltesd,r drhe eysrmsiries of

system have been limted. Such attenpt er.al |
e IQHETIE o @ e R LA DIRE AT G % Gt GH e BoF ik arpTsct £

thd 1Y rdtatefiic ., 53 FA8inlilAA8)on B efdd@irrent because
trajectories were cal cul ated by dividing the system

anyi maglitideaidrans ipdrite elawinpieEnies Qreqrokes mecessitates

11:.,..12, . 13, 14; an t e el od - :
a Hlﬂddfjfao “Fhe " 1 qua#gﬂf r engl%%efc't r gljéegztléqlééfglons
of Rl JTRMR iyl d d.drod ey Ppagris, sthd heltedtriowyi sigurce and the

fields frompart 1 were included i art 2. After, .
o 1 QRHRATH A 5y THE e (ATTRT 1 5] R AU B 1OFS TRt Gbt LD

atf&gﬁﬁgnﬂré%fﬁgfgﬂé§ Jerend nipetats (&8 444 ti8dm ensuring that
conditions) Into part 2 at a position on the lens axis
thedwerare tmhel tpigtlentpad samso f dere i kg clirrbdeerpadpeeveen the
re9g¥4535¥¥%*5%‘%nd the cathode. The effect is to maximize
the number of electron transits at the highest electron
current through the target beam. The invention provides an
apparatus and method for coupling an electron source with a
lens system comprising an electrostatic mirror. The electron
source and lens system are concurrently modulated such that
fields-and-trajectories codes are not limited to modeling only
the trajectory a single packet of electron current emitted
from the electron source. Accordingly, multiple reversals are
observed in the code as a segment of electron charge shuttling
between the cathode and reversal regions of the coupled lens

systems.
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the partitioning electron trajectories and
subsequently - 21 WD 2005/ 003717 PCT/ US2003/ 036431
woizeusiongyit hem back together is inherently | essPOTAIS2®BE/036431
than the nethod presented herein. [0056] Thus, the
e, el ; b Si heg | t ack
A B S
elentirohedoutrcet Bé shapeooprilse splémecdll velhesttegh spherical

mtter. The . .snoall pherical | y-shaped tips, on | ens
cat Bl tremITaRE 92308 G SXOTFAhN SO deeitrated by
a l1examehesecafl. hawdihe deersest Fokcuca Revtopin Mlzet dastatic
accommobdat e the spherical extraction technique b

. . y
mirzeylyziThg BLEEOFoRSCEAEETSS deate erd TEquitsd™eritq Ao
lon%ﬁ%h%&%%l.%%l%%ﬁt&e%%k§ %a&Q@EQQ§Q%:fayx%éﬂg%ﬂﬂytdﬁﬂthe

nal'ysis is "conplete, the lens stack 1s nodified to
reveatal thange®ret Ar &f, thke relvectsegh eslawtown Agam crosses or
.. breviously noted, the gegnmetries of the elenents of

INERE SPETS sttéj&mé)rl@%‘gta%m%fet@e\ﬁ FspdGddio VG Hens formed
at & 8¢t roR elitd@imenth® roRLi S8 ZAlH AR d S UHMdBNt (DA) process

because any nodification in the electron em ssion

arepitdfer] extecedsia fveslea@ardd Mandy4n the shape of
0 tati . .

rooell LS T T Eal G BOET R E5 PE HIE Bpfigheest Slkation 4
thael edt rosicatdledrilarer s yedmyr i Keues logu et rspstmmng

Optimum_ attachnment efficiency of the systeps arises .
Con LSBT I TR MG TR TR (16 Tpfs S o Fheper Hod
of €ligel.ron Mramhetpeeyt the JpveisSals yagwemid-ddiechat high

cathode. The effect, is to nmaxim ze the nunber of
quadliget mevensaisi teraatstibe Hiffirastedlveicthy die cdurglgmntion of

t hrough the targe The, i.nvent | V] n
U asrlg7teuse aenéo}: rr?gifih (;ge %?{)q © Eep*{énag n'LaﬂntoC!(;Iﬂé{:ét)ré seonﬁ'r ce

with a |ens systemconprising an electrostatic

mrror. The electron sour nd | ens systemare
concurrently nodul at ed su@-%%ﬁ—:

rodd) dszandahtakgshertes 6edesnanennaly kicBckedmbOnts of
nodel ing only the trajectory a single packet of .

expdlceditveomaiigrient wanq tek ragiend tURlng st creiques.
Accordinal.y. multiple, revers . Qbs d . in.t :

In O5ife taescq%)%% yment® G ldelp:}%:ats{eoﬁé%hlg%cgtelogrﬁuﬁ%@ngwaps f¥ea, in

another technique a salting-out solvent extraction was used,

and in yet another technique membrane SPE was used. For the
present investigation the extraction of explosives from the
aqueous solution was effected by solid phase microextraction
(SPME) . SPME has been successfully integrated to various
sensor technologies, such as gas chromatography and high
performance liquid chromatography. A poly(dimethylsiloxane)
divinylbenzene (PS-DVB) fiber was used and found to have the
highest relative efficiency of the commercially available
fibers for TNT extraction.

[0060] Thermal desorption of explosives from the SPME fiber
should be performed at a high temperature, suggested to be
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bet ween the cathode and reversal regions of the
coupled lens systens. - 22 WD 2005/003717

wOeCHsWe20a03/ 036431 [ 0057] For exanpl e, referrPag/us2003/036431
generally to Figure 2, the electron source 31 can

i i dichechly1hedt edintpher ikedl argathede f9mn i
Sll\%ﬂiqg% é?ggterlgﬁg ‘iaore ext%frgctlgd and accglnerat ed by an 0
Fighers 5syst éire They aveluligonf ofusbe ifiberadesorption. The

el ectrostati,c_ mrror., The mr decel erates the .
nas§) BEERERVRSHATY BeAk B/ STang: ConN CPoFTEhp ter® At this
oveﬁe@émé%&@th&@iaprQb&ﬁhbied@ ti@°cr evensabepbapeiBn Akocess

R, the reversed el ectron beam crosses or "intersects",

takeRe fromeultar 2t Aviget BeamltReddtiive It Griked CaOTR 1S
als%¥g§%%naﬁha%E@%Q% a@r, dﬁ%%ogwﬂw‘Eié@tfﬁﬂygéﬂgﬂé%ﬁd level

ess ‘are then extracted by el enents V3 and V4.
afte@058] ethe ophydi chle ddsorki simpd eofist leiec dgputher rise in the

imylation is that of a_coupled |e yst f ocusi ng
REAing’%F & s PG S SEdTt if%l?gb§| V- gr% ttte%ln% éc% rgélnScSPFéht
TypQ¥an 18 ,diast istolr Reftradt iofh tUfme. sEiEndes wangfld hes
optical systemensures that high quality reversals

seqaeatdpililly aipdotzed wilith (HAE FeTtddcon B uctedikpd sample
of %gg@]f il el i Ratgd P NG SYStema RAVALE

iment suspect éd contai ning trace anounts
[006fl] edptibsdvehanle?iminwehe expiasiedsuseng daspobsng from
techni ques. In one _techni que a soli g:-egrhase extraction

the( $pEP ML USEFITIROTEn Sttver TEHHCRE A SAthgodened to
vardhite Ha X tdeaGld I Wae USelmerald iidh YRit@het hefapping out
techni que nenbrane SPE was used. For the present .
the whegricfatriien ichelioaacation ot tegingiy & ngomiie - Fig.
ueous _sol utj. e t ' ase TNT
6 dﬁe’g}&rcgcesxtar 5&%%@%@%{45@%& %glsesggé}esﬁc%ccess ully
conidainegizatieth ti wardeats(m/Aeisir u ecdmdlagidds., sthoh sisaded
gas chromat ography and h_it%‘t; . perfor ce liqui d,
re%ﬂb#ﬁ%@%ﬂiﬁ A% o1 S ety vsid aﬁe‘i Srror, in
detFr¥liMl-ReNZRN SRS -CR)e rft AT I diseds gl frapneb tine
have the highest relative efficiency of the
inddomieccisdldng lavai |Tablions with m/e=227 and 197 u were
detected, it would indicate that TNT was present in the SPME
extraction. If these ions were absent, but ions with m/e=
182, 167, and 151 u were detected then an isomer of DNT was
present.
[0062] Table 1 shows the sensitivity for trace species
detection in air using the method and apparatus of the

invention.
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fibers for TNT extraction. [0060] Thermal desorption
of explosives fromthe SPMVE fiber should be perforned
wano@/oo3gh t enperature, suggested to be - 23 PU¥DUS2003/036431
2005/ 003717 PCT/ US2003/ 036431 slightly above the
Taid 119 RRiRENT AT E R TR IR GEOWbIEtULE BERESTIGN IN AIR
the tine evolution of the fiber desorption. The nmass
Condegabnee- i onCpeak RA&=16780KHENT is nonitored. At this
oven tenperature (approximately 190C), the desorption
process tak8eFEGRNLICHETST 7. SREEAI ts with a bl ank
extraction i s .akso 0 [ IWgu . slow rise
i n backgr ounﬁlpg\%l J%lgf \tgleélpa:}'r?jl%((e)gtib ﬁ§gFI{%ﬁle bl ank
sanple is due to the rise in the READ chanber

an extraction gFargﬂ.Pﬁﬁﬁﬁf‘rﬁPe j g Mea

peduentbabb¥nanal yzqeryht hebPVErexhhiagti ons Qkotnts/sec)
spi ked sanple of known TNT concentration, and then a
seavitlgghwf ank. [0061] Durd mepttthe 1-2 nmin the 1,000
eﬁgl 03' vesi\ﬁgre desorbing from the fiber the
q & BBP% ss spectroneter could be tuned to
vari gugbaass peaks of the fr@agiwentation pattermn;10,000
mappi ng out the characteristic dissociative
ﬂ%%@fﬁﬂﬁrw%ger print. Fig. 6 depicts a sensitivity
curve pfpghe systemto TNiggopggntration in wat@r, 000
(m e=167 u nonitored). The shaded region represents
the sekrnsiTNVity, and its ekt3apbin deterni ning 1He00
TNT c ntration correspanding to the indicate
Si gnagg.%ﬁlf ions with Megngp fid 197 u were d3oo
detectgslk it would indicat@ gt TNT was present 100
the SPME extraction 1f these ions were ahsent but
ions with me= 182, 167, and 151 u were detected then
i sper_ of was rese 0 S :
ooy’ SRR e fSe )t i Ten LG hhn 2 Bhe eltrS Py Bk Boving
conweintd ohihe meitkedadrd appacaidlgef dnfie eduiveriniton. - 24

Accordingly, the details of such materials, equipment and

methodology are not set forth herein in detail. 1In the
previous descriptions, numerous specific details are set
forth, such as specific materials, structures, chemicals,
processes, etc., in order to provide a thorough understanding
of the present invention. However, it should be recognized
that the present invention can be practiced without resorting
to the details specifically set forth. In other instances,
well known processing structures have not been described in
detail, in order not to unnecessarily obscure the present
invention. Only the embodiments of the present invention and
but a few examples of its versatility are shown and described
in the present disclosure. It is to be understood that the
present invention is capable of use in various other

combinations and environments and is capable of changes or
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WO 2005/ 003717 PCT/ US2003/ 036431 Table 1. CURRENT
VALUES FOR TARGET MOLECULE DETECTION I N AIR
waQaniondans: C ock Rate = 8 kHz El ectron Curr ear/Us2003/036431
600A Single Jet Separator Operation Vapor
RREERG asyhed salghal ¢ Ph%C% GempauRd @Bt as
mOdggggggagﬁkl%gtygountslgec gu | phur f pptr 1, OOOdélﬂg
expHexatlubeirdénCar b le pper invengdon Tetsr Reenodegeribed in
pb. 46, 000 _.2. 4. TI\ITlp 7,0 PE 6
conBﬁf:ltl§§0% gbxsgeﬁffffﬁclﬁ %F %eﬂ-’gé’ggt 4 n\-l/:gr%“t%i éone
undezBtbedpraecti e¢ad ayw%mll@yﬂ NG dé@’a\b&rét iognaluratear i al s,
met hodol ogy and equi pment. Accordingly, the details
modaff 1sakh onat-er ITRLS, 2BRLLSREACIAAE IRSEROES TGy Ve ety
varggttlo(ﬂrt hherein iy detailond od Ree RERMAUSH following, in
scriptions, nunerous specific details are set
genkantlh, t&ec@raacapéeﬁfwi mwﬁemmMentmmmucnu%e&cludlng such
chem cal s, cesses, n order to Jprov
depﬁﬁ&F&ﬁﬁhf&ﬁﬁb aREierg ™ Fhfﬁgiﬁ%%éeﬁﬁ |n6%ﬁu%%#$f% known

andHeWR\@fna riyt p&lé@th@ebeult@ﬁ@)gmhzee(ﬂartt hat vﬂ’ﬁ&:lfpr’diﬁfmmventlon
i nvention can be practiced without resorting  to th

pergetiais.s Speortiicalyy ShToROINifer ihstiditeds, the scope
| r structures have not been
of scrflé)rl g%lggogg%gi , in order not to unnecessarily
obscure the present invention. Only the enbodi nents
of the present invention and but a few exanples of
its versatility are shown and described in the
present disclosure. It is to be understood that the
present. invention is capable of use in various other
conbi nati ons and environnments and i s capabl e of
changes or - 25
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WO 2005/ 003717 PCT/ US2003/ 036431 nodifications within

the scope of the inventive concept as expressed
woen@in371Whi | e the invention has been descri be8CTNS2003/036431

connection with specific enbodinments thereof, it wll

Wha¢3%s Lgldaeirngcp dS:t hat the invention is capabl e of
1

urther nodifications. This application is intended
t G\ oveT oca][@?rl vgenetdiohsy aseoarlwappation eVeRal
I nvention Wi n in_general, the principles of
regiHy {lﬁ{%ﬁﬁ%h?&a% et Ui hg such departures fromthe
Prps entp €hhsLd DSy £n as1 SOtEomi drinl it &n ovwmp ansi cgsa onar y
practice within the art to which the inventi

i i on
spheykaal hg . CoeeaTeli figr i cot Fer %ﬁ&ﬁ%ﬁhﬁ%gsa%r%fﬁfFﬁ?ﬁ beam
e P .following clains. 26 WD 2005/003717

comé§5§%§§d%§7%%€%%%’ What is claimed is: 1. A nethod for

ge?ﬁrgtpﬂ@VEQh@@aaiN@n$oat$©kacwmweishmg tegpbnelegeron

nmet ho onprjsing: a rovy di an. el e 0 ]
XLEHHTA S B SSTRRr T RRI T breagee biF Ghs FpfELehcbiectrons
alofgNeh alkag es £l estvepvabensyiennpndsengael eteconsstb}ic

~ providing a |lens stack conprising 1) an electron
mlr£grr@@xomembraé+éémgo§?%tkk%?Fny%E%EGMgOFhEhEn?%?SBrOHS;

e'@Ftro@éte?%?ﬂgnantﬁéege%§e§r§e¥§r§HE_E@QEOBtQBQ;Z)

an el ectrostatic "mrro r neutralizing the kinetic
endy gy oétéheieiegttbasfie)lddeardninehgcthsigeofietr fihe

of the lens stack; d) det i ni the fiel
ele??5$%%t6?m8§lFngtEEé 8?85??%ﬁégg%ﬁp§Vs?ﬁagﬁﬁggglly
detEFRELIRY PraMBYa@nahyt kealhy kdetern Bhaggyhefarilaktrons

and radial kinetic energy of electrons at the
at thecelestaoptanierBirrabier SNATERB £h§j EERIPFESTHES RE the

1k Ea S e Pl al LSl eLrrr oot Lol 4" Cont Lo0r S oarere o @
sphéet eali ailagtirhe-funhdr cohfighlkettibons made by the

elS?troge%ggghkgn%h%hgexg&%gk E%gkg%iections made by the
electron beam in the reversal region;

f) comparing the results obtained in d) with the
results obtained in e), wherein the lens stack is modified to
provide an electron kinetic energy of 2 meV or less and at
least 5 reflections at the reversal region; and

g) intersecting the reversal region with a target
molecular gas beam comprising a target molecule, wherein

electrons attach to the target molecule and a negative ion is

formed.

2. The method of claim 1, wherein the target molecule is

present in a liquid, air, or vapor sample.

3. The method of claim 2, wherein the sample is extracted by

solid phase extraction, salting-out solvent extraction or
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f) conparing the results obtained in d) with the

results obtained in e), wherein the lens stack is
waonadisfoogd7t o provi de an el ectron kinetic ener ggTais2@®3/036431

meV or less and at least 5 reflections at the

meﬁ@f&ﬁéaéoiﬁgiSﬂéséngxgia&ﬂisﬁSGCting the reversal

region with a target nolecular gas beam conprising a

target nol ecule, wherein electrons attach to the

tar | e-an negatiye i on,_j formed, 2. T
e hon B BRY il e brEer BT shE refedy usi gultRes
procesent by aubegubdicabkpansivapon sappteseBariber prior to
. hmethod of claim2, wherein the sanple is extracted by
1InthPigchhale extraction, salting-out sol vent extraction

or - 27 WD 2005/003717 PCT/ US2003/ 036431 nenbrane

solid phase extraction. 4. The nethod of claim 3,
5. whefleg nmeheodanpl elasmf Uy t Weerepnotbssedrbyptsupéesohiecis an
exefganééon in ajet separator prior to introduction.

SOThé® et hod of claim 1, wherein the target nol ecul e

is an explosive. 6. The nethod of claimb5, wherein

the explosive is RDX, TNT, _PETN, or EGDN, or any
6. conBirRafebRCEhef e6ta bR AerVOaFPVR ChRePEBIOSPVETRE RDX, TNT,
pEf®! hof BEpR! abm 1o WShELAat NEnt 8hEELCROLECHLE 1 LSt ave

nerve agent. 8. The nmethod of claim 7, wherein the
theeeove. agent is Tabun (GA), Sarin (GB), Sonan (QD)

G, V-agent (VX) (phosphonothioic acid, nethyl-,

S-(2bis(l- methylethylam no)ethyl) O-ethyl ester) or
7. pyrreeshégnbaeo£oEladnyl fonhenat hoshtheregbktofolecule is a

derivative therof. 9. The method of claim1, wherein
Ne¥ye #8fQet nolecule is a pul monary intoxicant. 10.

The method of claim9, wherein the pul nonary

I nt oxi cant
8. The method of claim 7, wherein the nerve agent is Tabun

(GA), Sarin (GB), Soman (GD), GF, V-agent (VX)
(phosphonothioic acid, methyl-, S-(2bis(1-
methylethylamino)ethyl) O-ethyl ester) or pyridostigmine, or

any combination thereof or derivative therof.

9. The method of claim 1, wherein the target molecule is a

pulmonary intoxicant.
10. The method of claim 9, wherein the pulmonary intoxicant
is phosgene (CG), diphosgene (DP), chlorine or chloropicrin

(PS), or any combination thereof or derivative therof.

11. The method of claim 1, wherein the target molecule is a

blister agent.

12. The method of claim 11, wherein the blister agent is
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i s phosgene (CG, diphosgene (DP), chlorine or
chloropicrin (PS), or any conbination thereof or
wdeoiswasiive therof. 11. The met hod of cl ai m 1, PGAIS2108/036431
the target nolecule is a blister agent. 12. The
ot of s chaimyddy yhefei Aotde Rhistes ! 48senid8ls
R N Al RS AR B M |
(léwisD)e ofLn) t rogephosgeae doXHN , (GXkenttadny ¢Pmiprateon
(L or phosgene oxj.ne X), or any conbination
th?%%%%o?ro eﬁ%%?%hY?véh?ﬁéfgf. 13. The nmethod of claim
1, wherein the target nolecule is a drug. 14. The
met hod of claim 13, wherein the drug is heroin or _
13 cocBrmencasod THE ebeHBd of WREBP#M 1EhaNEREFRC tRelecule 1s a
versal region conprises a plurality of reversa
pf anes of electrons. 16. A nethod for generating
| ow-energy electrons in a reversal region, the nethod
conprising: a) providing,an electron em.tter. .
t4co ?smﬁgh%g %ghgi?%ﬁl?9’0%?%59%“3%??a%5u?0%8 heroin or
co@gengLating an el ectron beam conprising el ectrons; b)
providing a |l ens stack conprising 1) an el ectron
extractor for electrostatically focusing the enmitted
15?|ef$éonéth?&ogg 8Ea§ﬁe§,tQh§ré§MeEﬁ§|ré@gkﬁglafggg%n
an el'8ctrostatic mrror’ for neutra Izing the kinetic
colpei g¥ys0h pherelécyrofsrecyrdel ephaneagofhelgebnetsy
of the lens stack; d) determning the fields and
trajectories for the electrons conprising the _
16l egthopnheambyganakyti gl hyw-datekip Bingrthbesaxhah
and radi al kinetic energy of electrons at the
reeéestitosedlipn, ntheonethhdr ePBPrheipét hs of - t he
el ectrons_at .t.he el ec J.C_ni. cyl.ated
T8 SpREPTEAr el aht ri ook eerachuR Ph.afpe Tty
spHeteeAl DiyngohheveuBheraet rekl geheeasingdenbylebéron beam

comprising electrons;

b) providing a lens stack comprising 1) an electron
extractor for electrostatically focusing the emitted electrons
along an axes to a reversal region and 2) an electrostatic
mirror for neutralizing the kinetic energy of the electrons;

c) determining the geometry of the lens stack;

d) determining the fields and trajectories for the
electrons comprising the electron beam by analytically
determining the axial and radial kinetic energy of electrons
at the electrostatic mirror, wherein the paths of the
electrons at the electrostatic mirror are calculated in a
spherical electric-field configuration;

e) determining the number of reflections made by the

electron beam in the reversal region;
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el ectron beamin the reversal region; - 29 WO

2005/ 003717 PCT/ US2003/ 036431 f) conparing the
woesuslons7iobt ai ned in d) with the results obtai rRed/uiSm03/036431

e), wherein the geonetry of the lens stack is

€Jf|eg?%gaPigﬁ'gﬁeaPegthErQBtghﬁgﬁ'Qnea?rQXtﬁftge

S. an | east 5 reflections at the
resukversatategionn &7, wheappar bhasgeomneferepat fhg lens stack

| ow- energy electrgns_in ever e e
is %%ﬁéfh?ﬁs¥8oﬂﬁ?V%gﬁg?na??Sﬁ &Pec %8ﬁ£e%1gPergg of 2 mev or
1es§08RYI 8t NPedsepberkeaktyicnpcayvetheurtaeeshar region.
generating an el ectron beam conprising el ectrons; b)
a lens stack conprising 1) an electron extractor for

e'ﬁﬁtggﬁg?gkﬁé'er ggﬁékaalheeleaL%h@9g§l@qgege%nelgaga

an axe 0 a rever region and 2) an“electrostatic
revarsamrrégﬁonneUheahppangtuhermpenscnenergy of the

el ectrons; means .for determ.ni.ng th l,

tra) ectaplgi $6Pntﬁ@lggggtf8wgr%§l§%aﬁ %P %€%§l§§ qeneave
sur@Bder adi-abekiRgtiifg ﬁﬁeégﬁcﬁﬁohhQe@hﬁ@bh@ﬂ&s&hgtb&ectrons,

reversal region, wherein the trajectorles of the

el bt roaslenst ﬁéapésv@p@mrlﬁé@aoﬁ aP8 Se8CEHPR @&Ftrﬁcgor for

eleaggegkg%Hcglﬁﬁe ot ﬁld %nghg%E%H'%ﬁec@ko%s”%@%%qf%h axes

rmoning er o el ectron reversals in the
to éeyeﬁ%abaﬂegegmpnehnd fgans kdectowpderitig e nogs flors
obtained in_d) ith the result btalne% in e,

neu%ﬁé#é?ﬁnehéh&e5&€€FﬁcoF“§£ga e SRSt ched to

the, geogehkﬁn%ff%%'@e%%%%th%ge%hbtQ&el@@eﬁﬁbytrajectorles
prOV|d|ng an el ectron kinetic energy of 2 nmeV or |ess
forantieatllesdsons beof beeliyeAsdat- ehexidderssl fesdiddn Kipgtic

eneggyrg% é@t“ ectrJn%'gkl%hfu&%@% LAy 'd%g‘%%éf@ln the

§ EoFponent ion ion communication wth t
tra?@%%b&abs kﬁgt@@.eﬂécfﬁmmsapmaﬁamusemknﬂa& megion are

oS SO S0 2 eSS - SN2l Y2El i L8 guratyon

d) a means for determining the number of electron
reversals in the reversal region;

e) a means for comparing the results obtained in d)
with the results obtained in e), wherein the geometry of said
lens stack is matched to the geometry of said electron emitter
thereby providing an electron kinetic energy of 2 meV or less

and at least 5 reflections at the reversal region.
18. The apparatus of claim 17 further comprising an ion
extraction component in ion communication with the reversal

~region.

19. The apparatus of claim 18, further comprising a mass

analyzer in ion communication with the extraction component.
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WD 2005/ 003717 PCT/ US2003/ 036431 20. A chem ca

sensi ng apparatus for detecting the presence of a
woang@n3mml ecul e, the apparatus conprising: a)Par@aso3/036431

phase jet separator having at |east one first wall

adja : a Lecti e [l pr@Xi
20. 3 A= a B e 2 PR e ar oS g Tresence
of Bngeeteanmoperciileh) the ebeatrrtmsi compptisdnghanber in
vapor conmunication, with the jet separator, th .
charnber 2c 8RS Pgiaﬁﬁ: jf)\gI gﬁp@gé\g{ogoﬁagﬁintgt & ¢§ (r%i Sy Trrst
wal® aphgebe’l by aeoneavetsuinf aeet,2kh ademsl Maack proximal
conpfising: i) an electron extractor for o _
said| éofecstian ity ahdc@sithg teheadd Cisdad] seiiod IaTAPD
an axes to a reversal region; and ii) an
electrostatic mrror for neutralizing the kinetic
enengy eh khectlrectrions opt) ca cheabes f dn detemrigumginication
. the fields and trajectorie or the el.ectrons
witBokpi dfhg SERETEILE T d & LarraSaM sy
det erm Riyng the AdAlrcaandmiadicdd JdonpetiisG rener @pHfrically
electrons at the electrostatic mrror, wherein the
conceacectafiegsiof the electrons at the electrostatic
mrror are cal cul at [ rical electric-field
confi gu?a)tti or?; ﬁ(?)n%a%cr%acnq{s% or ggtlél‘r%‘]?ﬁ ni ng the nunber
of reflectiony mage dedhrereleettmaartdreding n t he
reversal region;_ e) a nmeans for, _conparing the results

cleghEaished ior Y TATHS i We HEs SRS S%)aLong an axes

to Whergidrdhe Jensrstagkyis nodified to provide an
el ectron kinetic energy of 2 neV or less and at | east

5 refl ectionstiiat arhe lreserosdla trieyimggrdy) far ingptralizing

ext.ract.i on _conmponent,.in ji.on.conhuyni cation wth the
the, 3&%@@%&10 reé]gelr%'.; o%d: S Sss Hral yzer in ion
COMTUNI Al M AdY tdee e r@néiiany itdre chingofterdnd trajectories

por

for the electrons comprising the electron beam by analytically
determining the axial and radial kinetic energy of electrons
at the electrostatic mirror, wherein the trajectories of the
electrons at the electrostatic mirror are calculated in a
spherical electric-field configuration;

d) a means for determining the number of reflections
made by the electron beam in the reversal region;

e) a means for comparing the results obtained in d)
with the results obtained in e), wherein the lens stack is
modified to provide an electron kinetic energy of 2 meV or
less and at least 5 reflections at the reversal region;

£) an ion extraction component' in ion communication
with the reversal region; and

g) a mass analyzer in ion communication with the
extraction component,

wherein electrons attach to the target molecule generating a
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wherein electrons attach to the target nolecule
generating a - 31 WD 2005/003717 PCT/ US2003/ 036431

wdebwsmostil e negative ion. 21. The apparat us of PCraiSm03/036431
20, wherein the jet injector is nmade of stainless

det%%%%%lez%egEQ abparatus of claim 20, wherein the jet
ctor further conprises a heating elenent. 23. The

apparatus of claim 22, wherein the heati ng el enent
talns t he jet .inj.ector, at apparat u
21 Cai?mP2d 2 eroé nJltat‘t‘é“ fies eylznerzczhes aec MRS 1

mad@U@Qr%myﬂ%ygggsgﬂgﬁbzer. 25. The apparatus of claim
20, wherein the optic chanber, ion extraction

conponent and mass analyzer are contained in a vacuum

22 Chaaiy E%Ei_ﬂae%sd 8 f190 dhiBididig, d@r@fjféﬂ Ofh e for

non con tive stance on the inner surface O
furelheat rc@mtpatne(esaraaltgezenng tehleendband .ce conpri sing a

non-solid material covering an aperture

integral ly-associated wwth the electrostatic

23.analhyz efpphengl sailhaperd UnihdSeim dhe Hdaeinf element
si ght og) el ectron enttter and wherein the device
malmrmntﬁfm et rgiiacion ahddhtegrity of an
electrostatic field and permts the flow of negative
ions through the electrostatic analyzer. 27. The
24 devitee apfpadatiun 26, oiteeimei2D t hehadsvirceths mad eamabl yzer is a
connectable to the inner surface of the electrostatic
QUaLHRPAS MaAP SFE YRRA ce of claim 26, wherein the
el ectrostatic analyzer is a hem spherica
el ectrostatic analyzer. - 32 WD 2005/003717
25 Pcwrwszom:oamsslof 2glaifhe? Gevilier ofn cihe reRblc wieeber, ion

t he .non-sol id mater D
exiiGHia Qb BE ) mEQIRIASEP, & P Rotdafled in
va®lectdrosiméd ¢ anal yzer outer wal|l by about 10 to 90%

26. A device for inhibiting deposition of a non-conductive
substance on the inner surface of an electrostatic analyzer,
the device comprising a non-solid material covering an
aperture integrally-associated with the electrostatic
analyzer, wherein said aperture is in the line of sight of an
electron emitter, and wherein the device substantially
maintains the integrity of an electrostatic field and permits

the flow of negative ions through the electrostatic analyzer.
27. The device of claim 26, wherein the device is releasably
connectable to the inner surface of the electrostatic

analyzer.

28. The device of claim 26, wherein the electrostatic

analyzer is a hemispherical electrostatic analyzer.
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30. A nethod for inhibiting deposition of a
non- conductive substance on the inner surface of an
wehewstoosatr ati ¢ anal yzer, the nethod conpri si ngCT/US2003/036431
contacting a non-solid material covering an aperture
integral ly-associated wwth the electrostatic analyzer
Wi th positive ions and negative ions, wherein said
29 apefhardevscenofhelbime26f whghelof tha sbactpbnd material
emtter ein_said mater sub

cofigthe &P na "PherthER: Py SoPr BnSerBet: B8PuRPc Preburtrge oxea
of peh#&l éSetbeobtaviof angiateyeolions whhrogghabbet 10 to 90%.
el ectrostatic analyzer. - 33

30. A method for inhibiting deposition of a non-conductive
substance on the inner surface of an electrostatic analyzer,
the method comprising contacting a non-solid material covering
an aperture integrally-associated with the electrostatic
analyzer with positive ions and negative ions, wherein said
aperture is in the line of sight of an electron emitter, and
wherein said material substantially maintains the integrity of

an electrostatic field and permits the flow of negative ions

through the electrostatic analyzer.
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