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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 smail 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 airports 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 miilielectron volts (meV)) at the
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rge classes of molecules (including the
explosives, chloronalocarbon compounds and perfluorinated

carbon compounds) is known to increase to values larger than

10™" cm® at near-zero eliectron energies. In fact, in the limi

of zero energy, ‘these cross sections are predicted to diverge
~1/2 Ce e -

as ¢ , where e is the electron eneragv.

[0007] This basic electron revers
improved upon to allow for better reversal

electron currents, lower backgrounds and incrsased negative-

lon extraction efficiency Ses Bernius and Chutjian, U.S.
Pat. No. £,833,551; Boumsell=k and Cnutjian, U.&. Patent No.

[0068] 1Ir U.S. Patent No. 4,833,351 ('351),

emitter was an indirectly heated oxide cathode with a pianar
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[ on extraction efficiency. See Bernius and Chutjian,
Pat. No. 4, 933,551; Bounsell ek and Chut
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staldkher enthdenaafdinasie ddeq ther £ah ol @t £d ﬁé@cééggunued for in
trajectories fromthe cathode. These trajectories
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558 ety source and reversal equi potenti al

configurations. The 828 patent disclosed a system
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aidIR &M e s, patent No. 5,374,828 ('828) included a small
“shim” electrode 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. 1In
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 eqguipotentials
suitable for reversal within the planar equipotential

configuration disclosed in the ‘551 patent. ESsentially the



into the pl anar equi potentials of the reversal region.
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1 UGS e a8 i ntaini ng.spherical equipotentials
© t hr oughout ﬁ%l syﬁ%@rﬁgufoom] Accordi ngly, in order
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endBgy ofletSriOVisles. rdpbssean r e acconpli,shad b ‘
anal yzi ng the axial and radi al’ %igr?et'i Ergp nrzérj\g*?/d“o%/' This can
be A eedhssaed thie 3eavLyYsanar sgicorxard by draiatiaini Mithetd

Dslp(:?v eri£al, equi entials throughout the system By
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generate negative ions in the reversal region. The mechanism

is useful for-imprqving the ability of a chemical detector to
detect a target molecule.

[0012] 1In one gmbodiment, & method for generating a negative
ion in a reversal region is provided. The method incliudes |
providing an elé€ctron 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 slectrostatic 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 analyticalily determining the

axial and radial kinetic energy of electrons at th
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liens stack with the geometry of the electron emitter sucnh tha

[0012] In one enbodinment, a nethod for generating a
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forSiGh that an electron kinetic energy of 2 neV or |ess
ro <A, . .

and at least 5 reflections at the reversal region are )
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anot her enbodi pent, an apparatus for generating |ow .
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~ spherically concave surface for generating an
eletectsoat beabl cohpeising the emitted electrons along an axes
to a reversal region and 2) an electrostatic mirror for
neutralizing the kinetic energy of the electrons. The
apparatus furthér 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
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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 oi electron reversals, and matching the geometry
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an elec=ron kinetic energy of 2 meV or lesss and at least &
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reflections at the reversal region is provided.
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for electrostatically focusing e _em ] 003/03(.431
“%(?ié’gf@@zgm ong an axes to a reversal region gﬁa”?f

ar. for neutraI|2|ng the kinetic
61 TR BFoBrPRRE e Spgiman (RIS spperacus cor

deitrecitiices whamaanssdmte dot ex mpipg:t g1 Lighds a.
au;;j ect or es forS t hee el ect ronsgby anal yZi nglfe’hgrgyléjie The

AU dICKIdRT i Eherghase fhe ebperrobs Bbvikg at least

I hthetra ectories of the
onsﬁ\eﬁit&%gcns\“rg?lt e arée%/]neﬂlrl\,[s11£ Vel dRCALBNCRPELN afegeicong wall,

%mal*cetlheellen_‘tafatcrdm gbalr= COREI gutggkgnwagalnggg%aflotthe
et rmnln the nunber of electron reversals in
in

eversal B%edioftt £irseor ot R oAPaL Fnghaiberr esuhzta@o@f

fiiceltdorang dH ajygetori e ele gq_,nat on }\é\ll .
comér of el ectron reng%sa eg % ht ch {’“H'Eer including 1)

ang o REfEPromiid e emlgm:nkgvmt hph@ﬁl@&@[r?t E¥n8hvEN&urface;
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g eV 55F Tesds Mﬂg IJeas‘im selegireet vhsaatorhéor
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PCT/ US2003/.036431 [0014] In anot her
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nelwr%fa'&éggg% gLarHE_kl p asegcﬁ%té)éep%bfa?ortﬂ%v?%gc*é’fopéast The

Ch@n‘evﬁﬂrsﬁeu\ﬁwﬂlma@qmﬁaﬁ@ aﬂurtﬂmgﬁtm&@@éé %amag;agngor
r oxi nmal njection port and a th

de\g% {nafn?lﬁethlenjfé't,eadosn ad&?ttr%]ﬁ%t@mf?@nf@x)n bpt etectrons
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elaptapes atohaer@M%bﬁﬂoéﬂﬂhiHLm£¥¥Bi'Qr@'ca cul?ted in a
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beam in the reversal region; a means for comparing the fields
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
& non-solid material covering an aperture integrally-
associated with the electrostatic analyzer. The aperture is

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



determning the fields and trajectories for the
ilectrgni conprising the el ectron beam by
WAHYPIEAI 1y determining the axial and radi aPC/HRP3@36431
energy of electrons at the electrostatic mrror,
devmberehhsthe+iaaﬁgcmenheainé tthe ieltectridns ct drhe
el ectrostatic T1rror are CalCU|ategﬁ§VF§} spherlca
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posaRERUNR ALY dlddat BASOcdad ed Whd hapbe:glect Loshathe 1ine
anal yzer. The aperture is in the direct line of sight
of @flgéﬁ dfecty ol agrtqrereniifeer snd WNQO0OSE 90371 7substantially
/,US2Q03/ 036431 Vi ge su y;maintains the
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yzer while presentin decr eased surface area
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deposition of a non-conductive substance on the Inner
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target mo1ecule can be extracted from sediment or the sea

I including a

water using a solid-phase microextraction 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 Jjet 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 efficientliy attach to a target
molecule generating negative ions which are then transported

into a mass spectrometer and analyzed.



integrally-associated wwth the el ectrostatic anal yzer
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=l ec%%s%%t?i%@# T T o st cn)%&toﬁ’é‘ EFECtTSnSRARF ¥eF ) eggthode
cdripemerthi $Fy educesl oy, neubkakiizesrtheddinetiL apergy 114 ion
of the electrons to zero or near zero, at which ’
SR Yy They PR ent Y- Bft ach The aegedriget i extd edeflecte
o IeBeT R 1MRGANINE d1Qns, whi gh. ar n.hansported -
intg a mass spectr or#elt@e?a%ﬂﬁé%al y%%g? ang 1je° the quadrupole
MEF) S B37AnETY US20DB/ 03648% <[1@aES): Tha el |5 Ofcye1ed by
£ osmerﬁé lﬂgxe enbodi ments of the invention are set i} i}
For th T it REVhceBipahyt ng SFAWCAFS “add achdydes ard gité orelock.
THelave e S bier (f padurese BBheghSeand advaniages of, the
i nvention will be apparent fromt hendvgfs”cgllt“g?)l'o'ns antf 2re<a
whirGni hiysin @heest o tdeofchaigims of the emitter F.

~[0022] Fig. 3R 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 innhibits
the deposition of non-conductive substances.

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

[0024] Fig. 5 depict a displaylof the TNT negative-ion
fragment signzl at a mass(m) %o a charge(e) ratio (m/e) o
167u. Time is shown after injection of extractions from z 400
Ppb standard TNT solution , a sediment-extraction sample of
unknown concentration, and a blzank.

[0025] Fig. 6 depicts a sensitivity curve of

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



Draw ng Descriptions [0019] These and ot her aspects

wi Il now be described in detail wth reference to the
WeeHT#4MY i ng drawi ngs, in which: [0020] Fig. 1 FSpVRIe3/036431
a schematic diagramof a systemfor detecting target
I f®l @R uf @B FO0RE] Lhﬁgsez dépmttsf aaschenet isrror, in

£epres t Le n-ion optic system Shown
R LB B pnGalt el seme (s W L 5o Ehe
inévezsad sogpabent: (V2, V2'), and ion extraction

conmponent (V3,V4). The negative ions are deflected 90

by the electrostatic analyzer (ESA) and into the

guadr upol e. nass speqjé'én,;gteq{ ﬁ%“ éens eI enment

vol tages are cycled s (S1 - $4)

[@%6}olﬂh@dm§3ﬂ@¢mstmaﬁamkses T&neoa@éeitég G&xconptheherein
SA out ‘E Erg denotes the area which'is in direct

hevs é?% Yth& &Rft feFecEloroeizya mrgaadmm of

cﬁﬁﬂlcﬁﬁsd@plth@@b@ﬂcedTMé & ESA . Quier sphe

and the aperture | ocated |§\é§|l?lec:u |ne§%of oe% 1eD Chemlca]s

a?ﬁ%Cbciﬁ?@eVth AXHéPFéFes handmainetiai martdfeadﬂmegg,r Iltritludlng
L I I hiel ds (covers) the aperture
uH ﬁ % Sﬁ&é%h ge‘EogF? Fon 6 SRR &S WF chemicals in

wsabstxamtes ‘kﬁﬁZEdesgn&daw &9 i& ofdyow i Agr ad‘gggctarbn of
method for detecting a target nol ecul e.

tf’ﬁbﬁﬁ a?%/gan%eaeBF@fju&e& S| B\RTGHE el TEND rrelgfat‘aw,e drah

détagresh stgpakvat har . .
(nMe) of 167u. i F‘F@O@ES%@% %%tegrt% nj. gsg r?pé?aucablllty has

ugkitart ibnBroEestang0buipphnstsan danre SENT sadugssmas &irports

racti.on unknown concentrati on
I EERr A, 8055 rrehochepicne Qe Wisiusne
tefrbhEssystemteyTl\choncentrat| on in water (me=167 u
noni tored). The shaded - 8 WO 2005/003717
[Qﬁ7bsﬁéb§/f{?36ﬂ%qseﬁ%g¥rb‘f?&fem@sems theeseadi teyiby, R is
S+ erf£RL, det-e ni he TNT ncentration
mgg??%gp%ﬁdlﬁg fggoe 8k EHE Eron enu.%er using a
dimensional fields-and-trajectories calculation with full

ree-

ct

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
regarc, an increase in detection sensi tivity for classes of
zero electron-energy attaching molecules, including
explosives, is provided.

[0028] This ionizer system comprises a source of electrons,

14 -

extracts and focuses the electron beam onto an electrostatic



indicated signals. Detailed Descrip ion.. [0026] The

I - appar atuses and devi ces descri bed herein
Wﬁ?&@@g@ﬁ cability to the detection of a broadPEE§en03/036431
of

. chem cals of interest. These include, for exanple,
migeanmivdelah sisyoei Bhedekthrenpl osheesnand inheine beam to
~enyf acture, including unexploded under-water _
“=5or diNance " expl sT VST or " cheht 84FS i nbafdsPénfatcdy energies

frdut aRd nelsidd @l s@krdd 1t a1 ypar eesppdet 6¢t ;01 50f¢ fépg(bléne
. _substances produced by manufacturing plants, and
10 ddtisctiigir f Heevebwrroridiegs ageausalSughof stacked planes

£ jcahility Llity, in_protecting. buildings, .
= har Ldo%ggéedr%a%gﬁgé%%ipo#% tgﬁgegergggnﬁ’glamaé:éﬁn}gffﬁlsmg a
targyech reflerdwdas  danger sodubedudt Nghikerefilost, aGld Wy zero or
E1[00ﬂ27 In the present invention, the reversal region R
ey 29 P T Y hel eShapRsS o1l heablasty 19 diet ttarrget
mo JUsd I, di j ~fLelds- -t.rajectories
R ey Fal T Beeotne T g SR HSIiA o GG g
(" Spaserphiarge). dMatohedatgas museduher eiichmansaddidized by s
Suk;Shee useha;coe of the e{gct rostatic field at the reversal
Fegion i Y] U ed 19 T hef ease the number of
[ocdgct raasmeehbected bageda dhe cathode; with-ihe seruy for
el ectrons having a | ow axi al and radial energy.

defeitiigisi R I%le Mohderlesf thet| poseed sel ectleans iaf fieiency

~f&versal. &g op fngreasgs Lhe, opportunities for ion
xS malstselaéonl 0 )I a ?ar%%fg(?rg?% uF8S PR ORI Iy & et PRS- As
usedidreeasien ian tedegét onoseoslervihy 1heleClades8T0fs such as
ero el ect ro]{]-ener gg attachi ng nol ecul es, incl uding.
Vit |2

SXRPI 0KV eI R oviER d. TN B028F TFhiegd &ilker Kestash

mo KU 5 88, 2 1OHT £c Dhge! feLLans ! % P& g
directly or indi re((::tle- heat ed cgteﬁ\(‘)&%e,gboérﬂa Y Tapdtl” (a)
Saxire| i sk s6GPLe. GAn Bhegenan (0p1)i cipHomtsh@usiedic

acﬁ ég?%%ipg??c§??%gfg(Eb%e%h?i%%%@l%%??é¥§é%§?} O-ethyl
ester) and pyridostigmine. Target molecules further include
pulmonary intoxicants such as phosgene (CG), diphosgene (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 useiul for detecting explosives, chemical

warfare agents, and contraband. Separate interfaces are

_10_



WD 2005/ 003717 PCT/ US2003/ 036431 mrror which sl ows

the el ectrons contained in the beamto zero- or
wOomaseeeio el ectron energi es. Each band of enePQirams2003/036431

fromthe cat hode source will be stopped at a different

S t €y dipgné pLyeal bhemdkals,
prOVltdaec ddpléaéwn%esC #r{ g{efr ogmgfne(?gy‘gé?%!ét tr)gnrsl The tar getm cane

or Lgaﬁseb&ﬂmmnctmn s.mngdlay dzartgntierrebecabélmsntnt r oduced
at this region, e 7ero or._near zer o \ﬁl ocj t

1003 Teet Fore AL ose: Hohocy Len @ e ¥ AP R

Fhatract gphstigen e@@éléfﬁete@ogea%tlrcuesbmntlal on the
ener?’fl nger pri nt" ) of the target nolecule which is

mirm@nal gzedt byde isubsekered. ness topacer dgher - e[“@GZBﬂ electron
beanihn s oo Lp Do fPRAL oLk AL E PALEHALY i3aT, Tl

ecu at’ ‘possess a

attégﬁméh@nﬁﬁcuﬁérQSSh56§éI@ﬁérﬁd@s&ttambl@gmth&on attachment
zero-energy electrons. As used herein a "target

and rideceKETaFREPOdBES CRRAT 68Fs diichTad PASEGsitRsie: the

ele#nc% dbgngP INE g PEIN an%ﬂ@%@ﬂméﬁ%w¥§k°§2§;§é€esthe

I nc nerve agents such as Tabun

eleSarbn bEB), :LSopaﬂls(a@D) pfCF,” \&magerite (s\m@sequent ion optics
(phosphonot hi

Y Vg ﬁ&%tﬁﬁﬂss 6 M9 b OB PR e

thep¥fxtgg%k'°g@ﬂée:tu-£ar get tnel @(Q;Uéce%rfélh”@f | "l gleanalyzer can
nonary i ntoxicants such as phosgene (CQG),

be dfphoygéinf@e( BRequakll GO BEO c’flfﬁl%rrb%ﬁ%% MEPs) range and
gen a anide £51 S bl L ster
resag}éﬁ% suc?}ﬁlas ?&Cfﬁg%ustbard % ) ‘%ﬁﬂg nﬁi%%gea

qualrsbane ,( HYn - @rgsnimeaine t(ilevé st ter ( L) Ime-sntl- £ phosgener
oxi me (CX). Incapacit.at,in agents suc

et
roRbPASR oS TN | NEIdE W SO Sgerts SRBreisi e System is
a1y & %%%fbléyaamcﬁ%( /&Qnsairmeﬁa/@npgea &bl oré der 6 SKhrand

riot control agents such as mace or pepper spray.
aop‘[arogaeilqml edihesdashngnic| cres el eeckopegati #8 eapepsive is

assg:& es %”M‘%é ge ecsetrldo|Qneé(&E &vager%} Fpaaggﬁgﬁcr)‘:ertamly

par er-
hav%”QHﬂV&yaﬂﬁvéesﬁepéﬁﬁéﬁéhrm&ywnihﬁ nethadtantdment cross

section is proportional to e’? (where € 1s the electron

energy) . Hence, utilization of target, and optimization of
the formation of the negative ions is provided.

[0031] 1In general, explosive molecules have an extremely large
cross section for attaching zero-energy electrons. This cross
section varies as (electron velocity) ™ . 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 anaiysis
of trace chemicals is shown. In one embodiment, the trace

molecules are thermally desorbed from the solid-phase

- 11 -



apparatus are useful for detecting explosives,
chem cal warfare agents, and contraband. Separate '
WALHP"MYES are - 100 WD 2005/ 003717 PCT/ US2003/183608103/036431
" (%ngi dgd fg_r detection of air or water-borne trace
PFear3ction (PBMB) chébeealls iaTtdhy i9r Jd .
1zsepr'g_{1;ﬁn£n (_[)9%?013” he target nol ecul ejpr ef Zérge‘%)rough' septum
attach a higher=~energy BV&St PERLSt idve thewle sufficiently to
Vapectrostia i cametent i ahe0954R i.I.ror - rel ectrqode is .
ivy_eakgged, so that a hi gher‘-_:1 ngrsg 2SPe O Ih&dIR gas line 14
Thadseds t#f bijjie ke Beecseparatbachment NG @@oRfbn AL
plaéﬁ@qmgn,t OLLUL 4 ose, _energies. The el éctron ’
tl"gtﬂ} achnent angr%)%g%%ﬁf acti SﬁngélE‘QFﬁHefd lom- s.ni.a flows
AUEY dlegad henlet eTé r ongbgaani §pul ~on, "
ca,quTt'%Csh nt takes place, the el ectron %ggmni‘écr&fﬁeé"e@as
g e S s omt -1 oh-opthosheage pulied 108ha che
s b Sik S ' .
L.gntrance aperture of t ?%s%%ﬁﬁ?%?ér?%hi dhenspareng
SCAPCTHERS sy aey e fattiorpial B 480 PERYinAE B?ﬁ%@eq an be
ad¥RS: JANGS gnd . resol ution. This includes, Bat s “Rof =
Fimted to, & qUAHrUPtEing onlt Ebp, mragneeak sectoterest . .
Thiej mig-safarfdd ght .adBfustddPchoi g nalyzer. _ '
s Mniaturization of the enti rgi%‘?)s?é‘m PYPERFEPLC expansion
b e e oo pant. SEoLigcORSER! the heavy
mod il G | ght i ; : :
[Oggghosi}g s k%g\%ﬁjtaeos be Tar'yet5?99%rbn ethet foh separator.
gyTahddasomst i eer baknl Y3, hawe anS-vwave', .
15dgggn?}ence in which the att ach%ent grngssl\ﬁasaélc i1 ieparator
proporti BR&F £o enY Mierc al isandiel @l @EtwOPhs€ARAYNY - the

tekpaearuret bhuz@bheR Of JArget ,, and optim zation of
__the formation of, the négative an"%h S poRF dedt produce
infggserans general orexphos Vo9l CWES WY Aors que to
ad§2§§:{>‘é‘ﬂ8h¥ '@E?R cross section for attaching -

zer o- ener gy~ el ecl'T6nS 211 St ol udetti ‘gravianh esndsstainless
st¢elect fonavekecetypHera®odif At t a.q{gnacﬂ{a rate (o1
sfaf:gff‘i zation efficiency) s favor dd Tor slow e/2TtrHRg.and jet
e ator are made of Stainless stee]. In another preferred
embodiment, the jet Separator is glass-lined. The oven and
gas line are typically maintained a= 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 thn.jet
Separator and allows for the moedification of the distance
between the source orifice 17 and skimmer orifice 18, such

. 3 ) ’ o

that the skimmer-nozzle distance in the jet separator can be
adgusted. The distance can be adjusted depending upon the
chemical or sample being analyzed and the carrier gas being

used. ' i
The supersonic expansion results as the gas vapors flow

_12_



For nol ecul es which attach higher-energy el ectrons,
the mrror can be weakened to generate faster

woaheeddis at the point of attachnent to a td?@ét‘sm"?’/(’?’(’“l
nol ecul e. [0032] Referring to Fig. 1, a sensor

fromaep%&%ﬁqlé& Hdouanadasicn 0dtd racegham eal si gﬁlflcantly
In one enbodi nent, the trace nolecules are

1owemh@m¢@ﬂq¢qnﬁhyqﬂﬁbfﬁhﬁnQQR;%QNQQﬁmﬁﬁ%e -Whan e nozzle
2005/ Q03717 ol r 0
dlamFﬁggr*f1%&¥% L “’tlon t rou . P§§£ 8&%& Bf(§RyE)

nto an
mole@¥ersldr Htﬁdﬂ,velihd']eti?dbectdleesaﬁpl Eomjfémteenthy Lower

vaporize the sanple. The vggors pass through t he gas
presiquie TSI o THEL Bl TsTHR 698t SEpar at ORe1500°

molgg&fqgeQ1Q%% sdﬁéﬁ§%ﬁ¢%y1@ﬂrﬁa9ét509€Qt1§E cal average
approxi mately l'ows through the gas inlet-1
dlre&ﬁdcnv&n:kﬁxlﬁh@_nflwmgeﬁT@asSU@arSPe$Ctﬁépﬁﬂééén in the

chem cals throu h the 9as line 14 and.th r
Jet E{YS S AF T The gpara?o?gXSQl?hglgugggﬁ 6% the

moldfMeernide; sosr Lo @méfy@e 17nandnekiBrer exekintl €&rd8gh the
can be adjusted for nmaxinum focusing of the nass peak
smalf ¢mtlerest . thahe dnseanee PBJadjinsted reaer5|l|e§wa¢§r shared

hr%ﬁ€5r§ﬁglgo§? ?8$i9gfoﬁﬁ nhkaetﬁgﬁEC%nQ&bE%%eﬂé%ome more

i de” separation o eavy nol ecul’ar wei ght
equsbegées fromnitrogen in the jet separator. [0033]
The desorption oven 13,.g9as line 14 and %et segarator
0

[0035] cdhendatads ot anyl%a“t QU pabl&° of WrTARE ahdPngSr
21sbNeerLEPPET aLULE 8Rdcfiarees naRRk efbrand G daes fith that

produce Interferant vapors or cause | oss of analyte
theva@ngetdmeleoulads@npth@ngaSuéﬁr@@WEMQQq?Qﬁﬂﬁ|lﬂﬂlﬁﬁ§rgy

clehEERI MILANG SLAENLOSS  SLRGly L 3 Bl Yl Ehean 23 nay be

oveR, “gas Tine and j et Barator ‘ar e
injgBdedopastaibless @é&@endh@uﬂaﬁluﬂ Preefedrgstdron beam for

enbodi nent, the jet separator |sjg{ass lined. The oven
maxARgm §a§gl3| @léFérlonloé’ﬁlrl 2B it hef R aencanda- 1

the: Eggg%&'onge%%ﬁﬁta@‘ 3t 1 4QC JBH idi GRAIALI DN, wHONR Ry
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 ther into
a guadrupole mass spectrbmeter (QMS) 25. The electron-ion
optics system 20, the ESA 24, and mass analyzer 25 may be
enclosed in a vacuum chamber 26.

[0037] 2Eny type of mass analyzer may be adapted to the present

invention, including variable dispersion mass spectrometer as

__13_



tenperatures can be adjusted dependi ng upon the

wohemd/eghibei ng anal yzed. [0034] An adj ustnent nenber
19 (micronmeter screw) is in adjustable comunPEAtLSAH3/036431

dewtthpal khgagkTo |L.of the jet separator and
al | ows for . the %gg}i\f@lcggtlpgn R WREAEEL S bet BeROT-£11ght

maghespoatremerifiscemdgnand cskidmes,- qri fice 18, such ,

¢+ Lhat _the skimmer-nozzle dicst ance i g{%#é Sje% CSEpAFagEs. ion
can B8° FUPHEEEAISTRESEI SPavwse wetdie, ad) usted but o ey

Thelependiagoupo e Lcal S | e being anal yzed
ancgl)@t he garri gratsgagngg?%% u@@{f_) %IIE : ccomprises four

TodxphPSt bAdeEsnlasedsinhpagas AP Sl PW - M0 , .

a gg@@épogg%ggg US2003/ 036431 froma hi gher pressttd @round
region into a ¥ gfoR2oF SFgRIcHi-Gandyct ilvenero IptE@ss U 6

hoidwmughht hel sezzbe=9openi BY+ 1 fhe nozzle —diameter
am%“Sﬂ much |arger than the rreany\gér%e%éS pat H5F G rod electrodes
Rt esCbrPivhes fhe abhmoihes o ir@hsdyﬁt(ﬁrcgihﬁ% Holders
(sdOWRS PE e gbon formng a supersonic jet. e
i ons or ﬁ?géhl gg %%{]th Osugeﬁégnﬁéfﬁ)et have a

(0038} | Fhicc ala sav epage r ofireat | on ' fl ow. The _
firf‘ Iper soni ¢ xgansi on in the | e?{%%é %ng%ajr?%\/i ng Fnunilque

ea%ﬁkﬁbyoﬁi @$i3@¥¢%ﬁub¢rtﬁeecdebe@ube%nQHQH‘ﬂﬁéiékartinc

sertie: | etpuds: 4 hend 0gs: £xpand.t hrough the small
orifice, their inter n%ﬁpg%askﬁﬁgﬁgc?deﬁ&é?’@slm elements in

thesdrad hakbugh thwo-RERlY cpbhisi pasirand their - .
at L8 S ]Peg%forrg nore _equal i zed. '[0535] T g%gsj'agqbrénaerﬂ in the
23 is'1ntroduced I htT E 2En36r annifeensedal.ator efies r ed
elaw rass @t ied epid Dpzdon@Pty Cosystem 20 ch that the
onilarget nol ecul eIé)}n;n t he g)aszgf r\t'éggcﬁoHng?cﬁsl Ghem away from
fﬁé?‘é?y “hY RATDOroRRAMINELdE. OpThe Sgat @HéngOIQePg_%SVides .
to .

paral | el or perpendicul a

thRaMc23 Ji e nd fU6CLEd ¢ '
me dir e n f%é% éﬁﬁnﬁ?ﬁﬁﬁfﬁ?géﬂdepééitéﬁe ions

Otél\r&e el ectron beam
pr eldag.n Wheh R d b8si 4
Eeldapg.n Wheh REHAERr ence Hre Fﬂ><951%1ve}q§ﬁ%§£§§é£?@% ions are

can t he target gas beam 23, whic
not %1%%%Eent1ateélune mass spectrum will no longer be a

unique fingerprint of the species of interest.

[0039] It is noted tha* 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 eéxtractor component
(F, V1, V1') 21, a reversal component (Vve, v2', v3) 22, an ion

extraction component (vz, v2r, v3, V&) 27, MOSFET switches
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contain a target nolecule (e.g., explosive nol ecul es).
Negative ions nmay be forned by the el ectron

waiesesdii ve attachment process. [0036] The REA$2034036431
pul sed device and in the first half of the cycle

(518861 NS R & raldfCiethdrbinengl et rast T CsWiEERes 33.
and ‘negative ions are formed in the attachment region,
Thel MOSRET secidrzhdmldreofondraicyenally hespegadted woRs the

are extracted from the atiachnent region,and | 50
Spnﬁﬁ%Q§; Qﬁﬁﬁﬁﬁqnﬁﬁm%ﬁ%rnfdthegE?n bggﬁggﬁeggpggpg ﬁc"“ and
+ heANdy 281t {RSA o R4 asbriidien Mt o TRequpHewpeke maSHode

spectroneter (QV5) 25. The electron-ion optics system
corghndrie HSA Pl UGeR daselaRBrgRefT25 Ray (Be Sdndiseds 2

di%é%ﬁ%é&ﬁ%%%%ghégpﬁédg6or[QQQ%Leé@XvLXE%t%E RS Se dispenser

may be adapted to the present ‘invention,
catmsdaldi hohyasl abt eodi sperseoninass spectrometesr. taer or

13 WD 2005/ 003717 PCT/ uszogs/;036431 descy i bed it}spav e
ca BT babl oFTHERDET VBB 25 T8¢ Pifte SFLFR GHI gl feversal

SgLronebersy NBORELE 6aSeeb@hoRSY SReGidMBIEFSin i Qs

CcOo

ap, and quadrupol e nass spectroneter, to nanme but a

defemedThe guadibpdeehasdsganalopraa VEQVB) 28 yisi e 8yt t1ing
conprises four. rod. el ectrodes placed in.parallel to: .

elﬁﬁgBQVﬁnépFFcéﬁl?agFoﬁﬁdd %‘ggh ggﬁgYis Vﬁ%ﬁﬁg’b%ﬁrg%f ne

c18enreanductivke hehdens e dra disy die &l ectawdes @¢termine
both ends of the four raod el ectrodes and a pair_of £ th

thel #teshf F EHNENFIONG HERFE InGRIHRRIct | VRS hoPier &° {lee ©F the

caft%rod%x%%l %e %S@%&l@%lt@’ 459, 3P)s $H038}vdPer8BsSsuch that
spectromet eér of the negative ions is a unique '

2 iiRgeresaitrtr afndrhehgar twicliitar spetl esdpreseningnthheradius of
starting sanple. .Due to the pptentia applied.to_the

RS TR TG AT H o PEAD Bydes CRue

hR@SIdHME dpnss o dmd dh thex i Rbhashaeptonegn@Bsaba, electrons
extracted and focused into the electrostatic_anal yzer |
en(iESMd Reamhileh e e2f sthhehemhapheFenyill have an initial
direction of motion perpendicular tec the axis of the focusing
and accelerating lens elements, which will tend to interfere
with the desired shape of the beam being formed.
[0041] Thé reverszl component functions as an electrostatic
mirror to reduce or neutralize the kinetic energy of the
electrons a: 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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entering the mass spectroneter. The ESA therefore
W &PEESTa  nethod to differentiate the negati viRcreho03/036431
positive ions produced in the READ. If the positive

‘byaBfanegahvel Lepsar e Nt fferentiated the mass_.
spect'rum_%vi T no Ioonger “be g:! ‘u%ir q{ll% Ifa%engee?%f]ijﬁ?“{}flal
surhecspeer eshoef revarerdstconr@ORAt It is sehedatbato previous
maggﬁhgi ve,and negative ions can be differentiated

Wi Thout “PRe DRE™6F 2dn SESAPORGT (@l @ the cathode of the
prdsther aathati epecanbehased pomthe Ly val Lings of .

the ions in the nmass, spectroneter. epl\le%g%llyv%q%lﬁgg“égé*als‘by

STEBeHBEAN RE ot NERe 1RESs Psedtrdmet ezconl y-F hel He second

halt oLt B READ. cycle, while positive ions appear
COduritglﬁg tt%gﬁﬂ rst‘nhabll{)f%. %gy‘seélx“cl%’d?%gmdaf%“‘%lll:gct pgpentials
ardumengttheesecandub@ldutof:ahesyayecde (1 he unigugnessnOlic «o
1_:t,he negative ion mass spectrumcan be preserved. -
‘“fﬁéﬁﬁ? REFEPT ng £6SRidy. ¢ tHHe k8 Geerdms| ansopbiputec using
= S¥sLemy2Qe ‘Eﬂehﬁqe%i%(’@h— lcal . cathode. and el ectron L
_ extractor I(;orrponent , %rfh VT':)ja%i?oalFEVSFéSP*atlon with
Tuédnpemenntng, of2'eled)r 2% ard idh exicacthfRge. T%pically

th%\gggqne_lﬂtwgvz, V2, V3, V4%§_§7,__ MOSFET switches - 1
0051603717 *BCT/ GSIRENVE64381 corpusay godand Fhe quality
ofChﬂékr@QB&é@E|Eﬂ@dﬂy%ﬂgjﬂgz%H%M$&Q§§i§§'R TE?ENFSEEJ close

_.switches are operationally associated wth'thé
chepRelrearicst hodd heompotient 214 4heal euersakicasposertduced
-o22.and .the ioen_extraction component 27'7. The o
tosﬁﬁglrrai’cél” gg ho gr”d(r:oarrspo%e*rﬂnCZ“ll?lhc?tldéegsaﬁ‘-@F.écﬁ?—@ﬁeu’les
whemht tecl(Bes3ledChbasi Biord f exdh y- bgat ed Céhﬁogﬁeoﬁecrec of
The =TT 7T

=Dy

indirect|y-heated oxide di spenser cathode.
SPEFEC8R %SotPce i@ Seectefdcthroameni Thermonitoathgde}
3Lmiks 8l 86t QRS- ;-r}ﬁi e 4 ed_into the reyersal
aceompli'she s . ST S r e ¥8p ¥
conponent 22. P. “sphetical cathode: "“3s°used hBF&Fn,
quegitidefisned asea leatdtoden avi ng a concave surface for
A o ; .
[O%qbﬁ fﬁ% electron beam 1s sqguare-wave modulated by fast
switches S$;-S, with =z nearly 50% dutv cycle. These switches
are power MOSFET-based to ensure fast (50 ns) rise times
between full-floating lens voltage. Electron attachment =

the sample moiecules takes place at the reversal plan

(1

R
during one half of the duty cvcle when the electron beam is
"ON". The resulting negative ions are extracted during the

. _

e 1= = : . 5 . .
second half of the duty cvcle (electron beam is "OFF") and

n
the entrance plane (Wl) of a electrostatic analvzer (ESn) 24.

The extracted ions are then deflected bv The ESZ to 1

sigr of charge, and further focused ontc the entrance piane
(W2) of & quadrupole mass analyzer (QMS) 235
[0043] CZlectrons are generated at the slactrode F and
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electrons that is part of a hem sphere. The design of

the ctron emtter can include the use Child!
Wotzg(%éf@?%e]?m ne the width of the spherical cat h%gre/.as#ﬂéy"“”l
concave face of the cathode can be designed with a
disspadibsvef acterameng r(DRch a HaMP? Nelerebeertihan place.
_.that width., Wile decr L. e Ladi,us Hef Uk Latrurg, - 1
Fast gwﬁg\ﬁ%“tshesl\é\gf h%%‘e&\%vi %?%é Wg?{igrgéuﬁ%l_?ﬁgaopgue\é HFele,
t henhefiispherdgeali wirifaee dur tmxd misn ehecéteot eossstbn,
electrons emtted near the edge of the hem sghege ‘he E
analyizer Ry & it Sediiectt bh: of LR8BI §RISCT=C PY the ESA
':are‘¥§8§§gﬁ(¥H§U e thies axdd OfaiPEahi9uskBYesande detected.
accelerating lens elenments, which will tend to
[ 00441t el fiearothethetrheoddesinted esidapel af Tdie Pule died nghe
fornmed. [0041] The, reversal conponent ctions as _an
SNtIAEG MR T LUt rt rc?%“?%ﬂﬁgg‘?ﬁggﬁgu%‘gg‘l %éeltshgrow‘ded'
As ﬁ%é“%ddéf?“%&Wé@f iheapgd egtnonsrathkhe nveverisal ipRludes an
position 32. The reversal conponent is conprised of
elewtrottadies ahatyeeeal BSR edfri cThEi &E58s PTPHE d6iSedt me@ns of
.-fields act_as_| i gh it I N veliee ty '
S S B T SR R

eleM2randev@rgoonpLisirng Bhehr eversal meonpenenty relyedierostatic
conductive netal or any materi al

. } - suitable fo Sl,jc%h ‘
or giectTpEagepeetr GReSGur ééa&r}’derre%g%‘iﬁf’po{%t € presen
appE?gggﬁéﬁ,t@%rl%Q%miﬁ%cgéi%%-éﬂﬁ%lﬁﬁﬁﬁﬂdé&(glé&E%ostatic

éllements conprising the lens stack are shaped to
anapyeerdeca erehensabpheggicen eR@Ectiz Tattherral YIR: -

shape of the spherical electron emtter. This .l
(0038 S oAt Lde" VErU0eT b3y 17 PCFFOEA005R058a3ES To°0e=d
ontBY taBakyai ng el erhicare-t,r secty itgse apotdecials applied to

equi potential surfaces of the reversal conponent, In

thecdrmsast smerieifodd e ferfdds1a bheOsphlfi Bl cycie.
po§§£§d¥“f§H§*¥6%ﬁE t:he Gat hade, Aindhe rp féﬁnérgeéﬁggactsd

not” converted into planar equipotenfials b )
andsticughiceninmg ttremiIh & paalwellel eBhei ESMepgnerally

de St s wmivant o 6 ALEPEM oRYSLETY 2RBR" Lfbring the

mass spectrometer. 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



e maint ai ned throughout the system(i.e., from
“g{atuﬁda‘é”fo reversal region). Fields and traj eqt@mi€Ho3/036431
are conputed using a three-di nensional
deviied d% and=ilajest otiesital ewlsatin@ugii th, Full,
. account_l_ng of electron and ion space charge yp| cally
1S TR T QTR fs RresapehRent refvsehuter: aodeardfeat the
cr*qy_@dtym he=rexer Qt rons at the position R
i.e., how@{oisg tﬁgl ?gge eIty i THe Hadi &t apfetamination.
Thegydesi el rectéonsosscreduend ma@ezerQ, digdoniiored ag.
Junction Qf ] £ns_st ack geonetries which includes
ens p05| tTo s7? Pfend” shaPrE§ULaﬁ‘6’9t~hé1QIec,qr—éerlmu Spaceassaae
of alaygeiva '1dhes aeggﬁgﬂ bgamzsihe jnonitoring is ,
acconpl i shed by querying the conpdter cocf’e"for”fﬁe%e“c 1S
’Ttﬁfa?rﬁ tcfesaf‘aff Thesrosat tdATRAcCER042): H’tﬁntﬁ_‘__vj\ol’b,bgmt fhe

eqd tr;%%a}/ podul ated by _fast swtches S1-S4 wit e
a near'l y du’fy*%y%I 2 OFhESE St CHELUHY eatpﬁ)v\/e@re 40 The
deWIOSFETS hased: { onenasyt e Fastnt5Qns) J4 Sa%eth[Fég Aperture

40 bet ween full-floating | ens vol tage. El ect
atACHRRhtE t %“alfﬂh@ saﬁbﬁerﬁﬁl-e'calse@d_ait&m p\haﬁre e t@gA

thi OME! S@li B uring_one .half of the duty cycle
when thelﬁ ectron gea'lanogs SEON ZPfhE SesulTihPevice can be

enrmgaa:ua/eon ansn-aremexibast edodurihag ddfze  second hal f of
[0({)’!]7% ét]xcl e %el ectron beamis "OFF") and focused
RU&EL 1B np@éﬁﬁ@ﬁd(w thN@' enV8an¥d) c27 aprt@ure 40

cadhb% e-ptnqaeg}pe £ (W) el ectrost ati c anal yzer
(ESA) 24. Thﬁégt?ag}%e@'g&ag ops are tH?ew?LcFeﬂ‘fe‘%?-'éldaJoy-hct

PIAREEEA to-upslisy teenshgs dbrelacde rad Janidel rrace 25

i ed.onto t ntran e Iane (W) of a quadrupoTe <
°rs r?ugs%;slaﬁ:aﬁ/zer %\/E‘f 4§P°Epélct‘5‘r*or$§3f@rree geherlat eTlS2 and

in athet r&ﬁﬁcuﬂ@l@.g—a@g n@cgel e&gt ngtg) t rLe rever sal .
ded ion: P -wher e attachrrent or The
SYBEH 5200 F 033l 1 %I$§se@1=atﬂ@éoaistcao.mrmu :'(afé‘% éleea in the

+Sa e | esxt ak ce
criSangy ﬂ@}@ﬁy 53 §§aBD§ he device can present about

10% : } 4 = rez at i j
10% of a solid surface arez at the critical region,

f‘l‘

reducing by about 90% the material to be coated by
contaminants. It is understood :hat'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 €ncompassed by the present
invention.

[0048] Referring genera
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Fast switches S1-S4 pul se el ectrons on during one-half
cycle, then pul se negative ions out towards the
woeluewea3dst at i ¢ anal yzer 24 during the second hBCT/USI08836431
selected by the ESA are focused into the QV5 and
1 ndi vi I are. detgct - l; ot her
ene?ﬁﬁm%i%%%t?ggg%ﬁg?céf?%rEQ%igggpﬁégggéé é%gsgnde to
Altapeit kel d) contal aedrunt hira jESAC24 eiss cphovied etkamiAsed
. previously noted, an apparatus_of the inventio .
visyaklvidey %ecéFéEﬂb}étggr&nﬁnglny"*zé’ﬂl ESAFfzﬁef%r?eCfEﬁls the
elePLO¥LOES .2 HBROS Of tHLfterentdatingiregatiive @ e1ectron
positive ions by acting as an electron energy filter.
' enefgthsf chienlapgdbetahpeelremamsstlatiegiosy R are less than .2
el ect.romagnetj c_ener gy -anal.yzer nfigured for_ the .
mevpraggnfggaﬁﬁp#gatPgnggfﬁr exanp ggﬁéﬁ%jégﬂ%ﬂi?érwr%ﬁkes +h
the€k8Gtrast atkegioanakyhele @hah gMgpherdtalgeometry of the
el ectrostatic anal yzer. [0045] Negative ions forned at
lenghetpevelsaPCEEFIER &Fe OPSdisiEgrd ontld'd IFE ESIE 24ens stack
er, d - patentjal | | e0%cct
s e B R F Rl ot of T AE ROD bya v rectron
emip@sit igeemeany .f ommed, i et iaehen geglanrar s
extracted and focused into the A 24 as well, The
conggAaleg&e iy 9 EAPYHE ur BPYOST 17 VRCFBRSSS
anzaway fSromentering the mass spectroneter. Referring
génerally to Fig. 3A and Fig. 3B, the present studies
[004)e Tbeeiannedtankt gehmesytver(isgr-fadde ehanwe FGA rgsitions
sition 38, which.is in Lnhe-of -sight _of _.tk
of B Core i Sl B I SL ek Bt ant Lt g LY
de tWi Anfl ndO O dindd el rimabii fbe pontkebduet igematched to
material results fromthe deconposition of the
the gt r oSt et S PF @R e FRSIt he sanpl e. Such

[OégﬂPnE%%i%.%EeLéhQEbEi@ﬁ%%%f%dé&dﬂ“gﬁﬁﬂﬁb(gle${$bn beam and

out'er radius of the ESA el enents by positive ions.
lefH0zk&Iménr besleran doe edeicernhacsdublacelcharpgiing sefofrecomputer
A T g —
foflevhges88ctFogs BA andphedicdB) sMkicehicresiedes aomffikfiration
ingfagéssgggrgeg;stESOSﬁAtgn%hgsstlEg% %Egiggn. For example,
the Herrmannsfeldt field and tralectory 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 molecuies 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



i ne-of -sight of the electron emtter F, is provided.
\ﬁ:@ dirsion3 P 200-5/ 003717 PCT/ US2003/ 036431 device 38,
| ﬁe‘mal ntaining the integrity of the el ectrosR@EH/VE003/036431
field, presents a reduced surface area at the _
VeLpPEital atedihen refverise IESA aros! STiIseeplébt €0h8 emitted from
tfﬁ%m ﬁgi rt1ati on. The device is conposed of any materi al
at ~Shi-&Pds "OWE CSeifVance RO anapeft Breiet bap @fekinetic
efetrg¢i sUpt at RRPASSRAYy f f NGYALE VE. S5 0D rouah the
ESA 24. Further, the device is conposed o??&gﬁ§H DolBE. e
'RELERi 8 FRactdess reoe cons etel yhpreventrobeat egr 8ssror is
Ll ve ions _fr. t he ESA through aperture 40, The
C%@??gééﬁsggoéi 't%i%gr%%mateﬁtreensten?‘?a%%%d@fgaﬁ%]’?E?él49.laneS along
t Apenkilkbe o fAB Hpr QWndes vas tedanneto i nd 2448l kY- assogh '] -
lWi.t lil't he ESA t hrough whi ch positive ions >e/xi t t%eg[égg.ons with
PHe “dBF-CE CRARTHY “idAovar vt rferenbhabteelromrbhe with

hESAe x| ROAZL A @%\éir%%.BS positioned at the entrance of
aperture 40 can be"a nmesh, screen, nmenbrane or any

[B8F8Us The exlettthatat promiidesraipl diealidneORRNINGS 1itate an
iF%an régta' non-sol i d g rface at a critical region .42

ocated “on"t & “YFer Lsé‘;?ne'sr%"‘'U“fajt he B2t apd thA rR@ersal planes
adior ek kpae-iefl- ¢i:ghintofo 4 he,electron ga - qa0€L.

device w !l present [ess than 100% solﬁglé{iﬁaagegérc’eg“am’
thereRy PEPVEICERIT ragicmredorpaxanbl eveéhbadebberesanthe slowed
Rres b Q% qf l.id surface area at the_
°cr Fét ?gglegr ggite&]i* otn%usé%afgccpu%i YT arB%L?C’Q%)%t heThe enhanced
spatésilabvealhe doaredsus Contard fantsey! bs UQ?SE%%BBO'

%hat any anmount of solid surface which is less than .
2} 660G EEMEd TR Hve bad@istatmail e poke s i onThmdefsre, an

wbk -G 410 ' i t [ ' of the .ESA L
eglvgctr%ggtagt it:c m;li%lerl%fjraios% e%on%ﬁ%%#%@ %ﬁegﬁ?%ggﬁg to avoid

pﬂﬁ@éﬁgiéﬁrgpogﬁsﬁa@@f@mﬁaqpxgﬁmﬂemlyhéQefé@tr65t5€ﬂ§ mirror
D IR o ey fediod IEIFTRIRT s anar
reversal region will be spatially-narrow in extent such that &
less than optimal spatial overlap with the target béam will
occur. Similarly, the electrostatic mirror is designed to
avoid low voltage potentials on the electrostatic mirror.

Such potentialsxspread the reversal planes out in space which
encourages 1) poor reversals packets for high electron
currents (packets are of too high a radial enerqgy), and 2)
larger planes in a spatial extent than the target beam, hence
providing less than optimal ovérlap 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 apraratus provides a mechanism for

confining and focusing these "backward" trajectories such that
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accommodat e el ectron trajectory information so that

el ectron reversals are matched to the el ectron
WO 8B dlis. The el ectron trajectory can be deREFHPIWEH036431

analytically fromthe results O the axial and radi al

thekkNgtEeceNEE 0L 881 Qfctinen- taleatizoRE tir ildie off QMR S rward-
region R The axial and radial electron. kinetic 1 WO

goiR@061 608797 PC?D@SQQ@%ﬁ@S@&EPlMm%ﬁ@ﬁ€§3ﬂﬁi3ﬂﬁEﬁQﬁ%Pn

he comput ation itself Lterna
[ooéﬁicgﬁﬁﬁg¥?ajeCT%r?esfc§% beP %A 58ngdE VISU IFOﬁgonent and
of ﬁﬁecﬂéhéabhﬁcmobk@gcbhﬁuﬂ&ﬁxﬂédﬁtdEﬁ|dﬁmpmﬂéit&wmpr151ng

el ectron beam nmakes in the reversal region. If_the
SOLBENEEEr on TPENERGIT¥E TEalPE A EP At th I TV S4I OF egiont §S

SLaé%eWW%%SrL%%%C* + B Yoo @%%éJkiéﬂ”gg¥héﬁcré%&ﬁ@{éﬁms

él’'ectron beam nmakes in the reversal region is
Modfmieathams5,int hérw Eﬂecgemneﬁnylmﬁlwmepl¢énsesma@k3$states a

ted d. .Th t I t ack
moc2 B Lk cHied Mo TRETSPNET (o |5 ORERR G Bar T gnEhe) Lens

sta®F Ltelo ROl YenhliHiss dHhe’ ietdtdier i eASpgenaBAr ¥1E8trons
considered during the conputer fields and trajectories
wvtanaiqmsucsme[t@ongqn% |asKs HrackageoheReyeriles, pppeent in

e and p@si t £ I h
A R ey PR St e Sho et ety
andTo_chfl ev, szrwhatglécm,omamhlesl toe thﬂscgéaﬁebrynoé thaerical

el ectron enitter, [ 0050] The space char ge dlstrlbutlon
eleft i ol okd rePn bedhs AhtCT | dhsSgeofst FPEETLARAbe

eq#%ﬂ mﬁQ‘Qy caf Cul&ti oSt Of o CORRYL BLs ALRS caA @%@%%tlon

ern1n|ng the fields and trajectories for
systact r ossheniaaspheejeatceiest prire- notj éligiearized 1n*o a

CcOo flgurftlon' |Qc%g es_apy_means known_ to the _skilled
e

Parzi18anS gortekanpred “the E@r?ﬁﬁﬁﬁsfelgbuﬁleld qggns to

motd ap £6L05¥1 godaesan pethéeduéﬁulﬁ@|©&|éﬂ%dﬁﬂﬁﬁlﬂyvelsals
trajectories, Additional codes include, but are not
oCtyEfiRd 1B, PRI RNEBSSEAdESENIAr & SEPECMEGHE Beam

[0055] Previous attempts to calculate the trajectories of
electrons in an electron reversal syétem have been limited..
Such attempts generally divided the calculations into
sections. For éxample, in U.S. Patent No. 5,374,828 ('828),
electron trajecﬁories 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 trejectories 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



Sof tware), MAFI A code and VECTOR FI ELDS code. [0051]
wbOS0bMR38l-ect rons approach the reversal region, the
are slowed and their kinetic energy is reduceﬂCT6%§"B”B“”1
fewmllielectron volts. Their energy becones al nost
pieghnior dhem Radhtiedetdmr gys Sahprentbletabespareise than the
PASS egion of | ow energy el ectrons.
met g@b %é{ﬁ £$r6%s emtted fromel ectron source
[003k1havhng, atpargeomba&ye@er@haﬂéﬂemhﬁxﬁfﬁéﬁﬁﬁlBYnghﬁne lens
reversal conponent (_.e., electrostatic mrror
stagk; s %?aH%%rt%eR%ov}%g‘?tHGVﬁéPaénéega@PaTChﬁMGS V@ tched
to %9@5@9%%%QZJPCE4 §¥£Eg%3éle¥%kgﬁ'gﬁ gt Lhe The small
reversal  plane. The ectrons emited 77O
sphﬁnﬂﬂakﬁmenﬂpmﬁrgu@Bepmkﬂemnaeldmehtebunlana0W2 (see Fig.'

net | nergy wth ener of about 0.25
2, deatord e T &

Te n ol?s FhHE"P %@l% BPWelFBEL LERS &Fécdalc@mmtbe
hﬂﬁ'QkﬁcidOéé@@mﬁbﬁg*éofnéss ﬁgg@Eb§e@x9Ea%ﬁﬂgﬁ'ﬁﬂ hnique by
extent of stacked reversal Fanes along the axis of

analiye Jrehse kst eon ‘F-‘O@]%S(‘amies the tbkeeetuopotwirtthiall murfaces

et er gy W vers bef gre t.hose el ectr.ons
Of{%4%1£%Y%£ k|ne¢+%£§nerg§ “Fo0s55) T l@ﬁe@?ﬁ&ﬁ%ﬁq(fs
conip Ireoe, isnéeSeQQEQ dokfaci mbtateean to Ha@PetOYeometry of
bet ween the spatial_extent of the reversal planes and
the (Rl epat el S%%%‘ﬁt DF PRevVigHget mertesul amegaasecbmles of
thd h_slrépa/mpé oyEding f@néng@gcwa&' a'o QUG %%t ect to
sl owed or stopped electrons and the targe
théﬂﬁi%ﬂﬂmwmedmlspartaITbveopapmuaaraame&stmbﬁﬁdﬁﬁéﬁﬁub@cause
of g%e%trog. attac Enent to _the target, nol ecul es.
ANV ST ot &7 CART B ebPF oSEEEFEOR TGS SdT k& Giivkéhtnesessitates
a h&dUestgnednt onavee dshBhACHR] thar &8 Me !t ageROLEN i 4]
on the, electrostatic mrror because a share reversa
Ofr?ﬁﬁcﬁﬁ@WFFOFeﬁH%CThEQSsﬁﬁﬁﬁemﬁevéh§meuagynﬂnvw¢¢r©@ and the

th t t ha
S e i I U LT -

attachment efficiency of the systems arises from ensuring that

ions

there are multiple passes of the electron beam between the
reversal region and 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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occur. Simlarly, the electrostatic mrror is designed
to avoid |low voltage potentials on the electrostatic
WOGYWETI7Such potentials spread the reversal pPrERERVG36431
i n space which encourages 1) poor reversals packets
[oostiqr hbgheghRplepnredbErenySgepackely awe rafgureo 2 ghea
radi al energy:hé and 2) larger planes in a spati al ,
elecEroantS AT ttHe Fadr getMyelsif hemeeeChlvviaprkgdt eggherical

catngfll [RA Rl AYEIT AR Bnd Al alLon L4 CLANCYcce0PR8d by
ubsequent to reversal at the electrostatic mrror,
~a leife syeltent.r orBhanhiate dildemof ocnsled gbnadt anhekatttostatic
. target nmolecule present in the gai beam are refl ected
- mirgpdekwarits, NPT t %‘%/%Jre%t%et%%p% PERTAPr BERFORC 2870
londigls t hes el ect § ost@th&arl 888, Systhiens. vANB PEGSERt the
appar atus provides a nechanismfor confining and
revdmalsimgpndele "Mackwarle redfeeedr péscsyoh Pkam crp@ses or
w0 2005/,003717 PCT/ US2003/ 036431 _ _t hei ffect i.s -
YR el | G B LY bt obFEdCof DERE T ol RGPAS Vol gg° Tormed
at Rleetiod dfehentont esreat esb8gatheer aveasamen®gi(0A) process

[0054] The geonetries of the spherical cathode
are cionponert ragbedoPYt ReeleREsSsVacREr ¥4conmmuni cated to a
r rd_gi f of 0 LE€cPPL i, £S5
oo e S Gne " Wi rooate PR ion 1
thaspbéracabupattodensonpenent focMsdinfi @atd aresrdnsitrhe

el ectron en ssio ofil e necessitates a di fication,
confHRRBSJEGRBLITES B SChEoBofTeReRts IF™ e Jetie.ncd RBE 100
of tMm@rderrhe aabapeecithenenberackiion hetieem fleH A% high
with I ow kinetic energy and the target nol ecul es
quapiegenevensatheagas shearm whifeis tiecavartde thre ynslarsigin of
region (R CFig. 1,300 Fide 233t E86E ran.pat hs
SuCSFgS%XFcﬁ gt(:gdglnr? gesg%erlingaelczeecféc trolEc“- %e%d% .
configuration (i.e., as spherical equipotentials). In

contrast to previous chenicgl detection systens,
spherical trajectories ar nearized into a

rooBanal s&hiklect shspbiebd contbgunabhAgS+rikUS andRin¥Rans
exp&%sive material were extracted using various techniques.
In one technique a solid-phase extraction (SPE) was used, in
another technigque 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
agueous solution was effected by solid phase microextraction
(SPME). SPME has been successfully integrated to various
sensor technologies, such as gas chrometcgraphy 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

N
)
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nmore precisely identify the quantity of electron
reversals occurring in the reversal region is
VR BT [ 0055] Previous attenpts to cal cul at 8CThS2003/036431
trajectories of electrons in an electron reversal
slisytsilpmdaves beled bofiieg. podHehoat terphsgeres al Ishown in
di vided the cal culations into sections. For exanple,
Figyrey 5 ipatent TNee 8V8¥UI80B pighBp, fidescOemerption. The
'S r I a iding the s em
ma%%q% ﬁgﬁ%gr%éﬁ %S?? @y%ngﬁjdgé ?Né glecOnl §%TE At this
ovéﬂ_tempkraﬂﬁrel4apand>pmat 2yt heOéCert tndegedd+d¥ibBEBrocess
c g 1 of the _1828 p atent% Three el ectrodes 13-15
aﬂ% ef el coPmon™EB - bofASUphPt ¥158 eh&RlamK mgitigction is
aldd edidsif rom paghrd wererhackuded.iine par tba%knfif&%{ evel
determ ning the electron trajectories for par '%
aftﬁﬁrﬂnj¢¢%&@@t©flébembﬁénknpempé@ aasduatuqﬂthe rise in the

n I't: s¢tion o eNs axi s
RE@ﬁe?%é$$€€)%t€gg ?gl %dénf?caﬁ“?n b t% g%r oLr.
TyMtd Bl pdegnas BYE bherﬁat&bhl ofii Ag selAGdAN sam

1
trajectories and subsequentL% 21 WO 2005/00371:)e is
se@agUspbbg/ 88843 EedpiéEnn§PMRe R aG oy e asSp'k°d sample

of | RhSLEM yoéégjaa?ﬁn%m%nt,h%dt he . et hod &fese ]S L.

her el n. fhe ' geonetry o the ‘e
[OOSHDHDunumqiuhé(ﬂﬁQ mdmckh@r@xﬁh@QEGekOWQF@Vd@@oablng from
reyersal _region that is matched to the shape of the

thg phaPFEaFNEI BEPFGHPETE FEPS PRECShaeter could be tuned to

va$Pbgsi fakbypshaped Ftﬂ%S R 2l RR% el et d
(see Fig. "2, 21 and 22) Srggﬁexar?p il oél%eol\?lv{]t hréeg‘fplng out

thet abkréghebéstgﬁt diisse¢ s iaec emtedareerthef spherpcatt . Fig.

b I | ect
g R i R e A e

coheuﬁtsatw6ﬁnman@ﬁtercnﬁee&h%7lm1MdHlﬁHE%&ﬁIS T§e shaded
onplete, the lens stack is nodified to match the

regéeﬁef?yreﬁe%ﬁet@i SENSh tddiirtde. msl priesi DUEY, niot ed,
det:@emgﬁszggt £hes Tefr cro%%e%lt@mto% o 108 L SNS: 5 2K ALE

optim z wi th respect
indicated signals. 1If 1ons 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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the electron emtter. The optim zation is concurrent
because any nodification in the electron em ssion
W M3d1 hecessitates a nodification in the sREPAS3I03/036431
the mirror. The two portions of the electrostatic
TabB8S1SYSURRENT! FALBESC FORN THREET MOKECUEE DETECTION IN AIR
el ectrostatic_mrror, conprise a coupled system
Congpti R att%éﬁﬁ%n%aE$ffggeﬁ8§ of the systens arises

fromensuring.that there are myltiple passes of the
el ectron beaﬁ%ﬁé?ﬁ%@nEFﬁgenfeVgggQW%region and the
cat hode. Thesgggggtgeﬁssgﬁa&%kbqit%ej%&giﬁpnber of

el ectron transits at the highest electron current
through the target beam The invention provides an

appal Al uUS dlru1recoit 1 Ul UUIJI LI LA "AYA LA AYL A>3 .
with a lens systeﬁy%gﬁﬁngFﬁﬁﬁg#%§%ﬁﬁrost g3gured Signal
THEEET ComPBulbeECt I ONErsAUTEY A AIT)SYSt eM@unts/sec)
concurrently nodul ated such that

fielsdsang-trajectories codeRPafe not limted tol,000
"FQE kfgbgghg the trajectory a single packet of
el'éctron current emtted fromthe electron source.
Accocdrbghy, nultiple reverspbsrare observed ini1theoo
code as a segnent of electron charge shuttling

et et e €&t hode and reversal regions of the

coupl ed feps systens. 2270 5/ 003717 46,000
PCT/ US2003/ 036431 [0057] For ‘exanple, referring
generdal ¢ yTH¥D Figure 2, thel3epebtron source 31 cdn000
conpr i a directly-heated,- spherical cathode fr
mhicthﬁE%trons are extraéﬁ% {rd accel erat ed by %gb

I ens sysgem They are thengfggused into an 100
electrostatic mrror._ The mrror decelerates the

el ectron beamto zero '|ongitudinal velocity and

r-zero radial velocity at the reversal plane R. At
rodi ¥ 6% CrbReel o BB bn peA Possae n ol Rt &hing

corvnviRirecu gt 4 8rged, hesthodNeyagyy ventosguipherd. at R
by the attachnent or. dissociative attachnment (DA)

ACGSHISHASE Y ar'di§ HiF ekt ot ety BRERERESSV3CERYPYENt and

methodology are not set forth nerein in detail. In the
previous descriptions, numerous specific details are set
forth, such as épecific 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. 1In 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



[ 0058] The physical description of the computer

VOAMEWBTA is that of a coupled | ens systemfog%%i/l{gg"mm(m

and reversing continuously-emtted electron current '
moQY €k & tdicsld NGt Per Lme. The design of the

ngt iﬂcgl g)%stgﬁn'(gﬁ"gﬂ:gget%%(féhrgh “aUaI‘PtvﬁgFeT\Y&Seﬂ%CEPt as
exmressed Ineafdiect edivi X the nekHSEBR Aks SUGELSHME-ibhed in
] gg%gons heing injected into the system EXAWPLE

(08591 e diment™ Rirslpect etoPiéBRIGENLRGTELdGe idnDUNt’s be
un@&rse&@kp%mﬁ%fﬁﬂéﬂﬂﬁﬁeﬂ%ﬁSne§Er@8F3g1H35Q9sNQL?QHS

techniques. In one technique a sofid-phase “eXtTHCt i on
MO@SPEFandonNssed, THis apmwthexttechnksquetansakt ing-iter any
vesolyent extracti on was used, ~and in yet another _

Techni que menbr atie BPE va's® U8&8dO*FoRSt R8Vepresentiollowing, in
gehavest i gald gxitthe exdd act i OR-0f nexplosives fyam the.. .

aqueous sol ution was effectlgd b?gsg'l thbhaéng R fing such
deRFEFHERST &G 9MrF Ny SPMESnSPiEShassbeenasucoessfuddiin known

N r g arious sensor _technol ogies, such as: .
anSagﬁgﬁ%g%ngftyogjr%ap“hﬂy*“a‘nd”h'i‘?ghn perf SFhahgewlnilﬁﬂﬁ ¢ne invention
pechedmst.ograptyrd A dqiol y (st met hghsokoxaRels are within <he s
~di.vi nyl henzene(PS-DVB) fiber was used and found to T
“haV& tive - MW ghesttadative efficiency of the

comercially available fibers for TNT extraction.

[0060] Thermal desorption of explosives fromthe SPVE

fi ber should be performed at a high tenperature,

suggested to be WO 2005/003717 PCT/ US2003/ 036431

slightly above the boiling point of the anal yte. Shown

in Figure 5is the tine evolution of the fiber

desorption. The nmass negative-ion peak nfe=167 of TNT

is nonitored. At this oven tenperature (approxi mately

190C), the desorption process takes froml to 2 mn.

Results with ablank extraction is also shown in

Figure S. The slow rise in background | evel after

injection of the blank sanple is due to the rise in

the READ chanber pressure from8 x .10-6 to 1.4 X

10-5 Torr.

cope



10

15

20

Typically, an SPME extraction of a sedinent sanple is
sequentially.anal yzed with SPME extractions of a
spi ked sanple of known TNT concentration, and then a
seawat er bl ank. [0061] During the 1-2 mn the
expl osi ves were desorbing from the fiber the
guadr upol e mass spectroneter could be tuned to
various mass peaks of the fragnmentation pattern,

r'mmg out the characteristic dissociative
attachnment fingerprint. Fig.. 6 depicts a sensitivity
durvé srtipe &Pt SRS SENT I Gn EEME a8t 9 iatderreversal
(me=167 u nonitored). The shaded region represents
e isensithievimter hagh gy igvimgr:, in  determnining the
TNT concentration corresponding to the indicated
signalay. | fordoansiiwd knmed=22F canctniQtar wemgrising an
detected, it would indicate that TNT was present in
he SPME - et acld Aur ddcd MRSe Jeons- ey abisetactditn beam
ions with me= 182, 167, and 151 u were detected then

an Ofe 1NE Mas, . present. [0062] Table 1 shows
thepgg%§f¥f&1ty for trace species detection in air

usi ng,the nethad,.and appar.at %féﬁﬁﬁ invention - 24 .

V0 2068, c0sr e P OB DstesY s R e ®beron
VALUES FOR fTA T MOLECULE C%S‘Z[LECE ON I.N AIR . d
G os 1@ Rt 2 Y BT AT St Ee

600P_ 3$ingle Jet Separator QOperation Vapor

e iadrPnavisds e $iyrfalreVETaESe CHFUhENG ridman

760 torr Air) (counts/sec) Sulphur 1 potr 1,000
legeaftingertiade Cariborerl figpt mext;,200F 1 rPettihec Migrgtdec energy of
the electrons;

c) determining the fields and trajectories for the
electrons by 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 an electric-field configuration
that is matched to the geometry of the electron-emitting
surface;

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

e) modifying the geometry of the lens stack in light
of the results obtained in c¢) and the results obtained in

d) to provide an electron kinetic energy of 2 meV or less

and at least 5 reflections at the reversal region; and
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2.4.DNT 184 ppb 46,000 2.4.6 TNT 13 ppb 7,000 PETN

26 pptr 300 RDX 8 pptr 100 [0063] The present

i nvention can be practiced by enploying conventiona
materi al s, nethodol ogy and equi pnent. Accordingly,
the details of such materials, equipnent and

nmet hodol ogy are not set forth herein in detail. In the
previ qus descriptions, nunerous specific details are
set  fort h G eEd e it ¢ SRS al™$ I &Y ety & target
chem cals, processes, etc.,' in order to provide a .
fRACEUGR fudSr SCATUITRFL IS 1t e prred@ftt MAt&@Rilsh, wherein
However, it should be recognized that the present
eAeatrioos cartasd oadthiec ¢ ngistthowtl eceser teingy 2 tredgdielve ion
details specifically set forth. In other instances,
wal If oleim@aan processi ng structures have not been
described in detail, in order not to unnecessarily
ehscure d he tiiRB &I clianvent,i he @iy tiee teiiRRdi NS ule is
of the present invention and but a few exanples of

' rsati lj tyy ar:e s [ I n the

%%geﬁf 3%%0 5§u éELIFH¥2 ?2d6%$%%35$§?€5% t hat the
resent.inventionds .capabl e of use in various ather
oo AE| DS el ot Fanertt S i o A oy ¢ Sxtracted
chag%%s or - 25 WD 2005/003717 PCT/ US2003/ 036431 ,
RSP St PORS SWStHiTR THE s c 55 [N Ava mperiGife extraction
concept as expressed herein. Wile the invention has
P&eRcaeS@ricoed® lildl POGHFe ERItaR MM -speci fi ¢
enbodi nents thereof, it wll be wunderstood that the
i4nv entlihen mes hoapaldl € lefinf Wt here remoditfhiec ataimgrls, iEhifsirther
application is intended to cover any variations, uses
i cadapical NS uple rishe il \eaptainel dnolilnow gt iskparator prior
general, -he principles of the invention, and
ikRCliuwdiRg suGh, departures fromthe present disclosure
as come within known

5. The method of claim 1, wherein the target molecule is
an explosive.

6. The method of claim 5, wherein the explosive is RDX,
TNT, PETN, or EGDN, or any combination thereof or
derivative thereof.

7. The method of claim 1, wherein the target molecule is
a nerve agent.

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(1l-
methylethylamino)ethyl) O-ethyl ester) or pyridostigmine,

or any combination thereof or derivative thereof.
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and customary practice within the art to which the

i nvention pertains. Accordingly, other enbodi nents
are within she scope of the followi ng clains. 26
CLAIM5S: 1. A nmethod for generating a negative ion in
a reversal region, the nmethod conprising: a)
providing an electron emtter conprising an 5

| ectron-em.tti ur.face .for generating.an el ectron .
cam QG iy ot Goe dhe TR diTg S e it aale is
conprising 1) an electron extractor for
& BCLIEAY dAYF¥Gesi ng the enitted el ectrons
along an axis to a reversal region and 2) an 10
dllect ot astdad forcliagm eutwhdl iedimg heh e Winmsta iy
energy of the electrons; c) determning the fields
amd cbrigjeedt ars e dsgrerntehel C@I,ectimdnss dpneadetidt)ni mimigotihee or
axial and radial kinetic energy of electrons at the
elhaetopsitcatire (HI)r,ofor \wigr eomcimdthert rajeacdat i’es dfrivative
the electrons at the electrostatic mrror are
calcwated in an electric-field configuration that is
mat ched to the geonetry of the electron-emtting

ﬁlir.f aGe @et%goerd? ryl%g.rr; hLe, WinOftHeeféa%éto% rgaéj@le is
by the 20 electron beamin the reversal redion; é)

no H@gtn Epe eonetry of the lens stack in light of

fhé result S OBt ai ned in c) and the results obtained in

d). to provide an electron kinetic enehgy of 2 meV or ,
Hess Tafd MatNosht $haedf ddti SHEL LAt HS &ldridqr agent is
region; and -27 f) intersecting the reversal region
Wit ug tarsgetrd nidl/gdll @& gas desmn evriiEsst nglN t érpenicals
nol ecul e, wherein
(lewisite (L)), or phosgene oxime (CX), or any combination
thereof or derivative thereof.
13. The method of claim 1, wherein the target molecule is
a drug.
14. The method of claim 13, wherein the drug is heroin or
cocaine.
15. The method of claim 1, wherein the reversal region
comprises a plurality of reversal planes of electrons.
16. A method for generating low-energy electrons in a
reversal region, the method comprising:

a) providing an electron emitter comprising an
electron-emitting surface for generating an electron beam

comprising electrons;

b) providing a lens stack comprising 1) an electron
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el ectrons attach to the target nol ecule and a negative

ion is fornmed. 5 2. The nethod of claim1, wherein

the target nolecule is present in aliquid, air, or

vapor sanple. 3. The nethod of claim2, wherein the

sanple is extracted by solid phase extraction,

sal ti ng-out solvent extraction or nenbrane solid

phase extraction. 10 4. The thad of claim3, wherein

£FE F8&he O Funt e S Hrtd& d IPUsdper Lo emitted
expansion in a jet separator prior to introduction.
5.1eThe omst IRd@NSF 261 &¥hSL towReréiie iNid tr@sgen moicecul @n

is an explosive. 15 6. The nmethod of claim5, wherein
eRecaxplstsitve g rROX, fSENTeUuREEN,1zamcEEGDN, kimednyc energy of
conbi nation thereof or derivative thereof. 7. The
mekhed eaft ronai;m 1, wherein the target nolecule is a

nerve agent. 20 8. The nethod of claim?7, wherein the
nerve agent)i s dJkakumit@dy ther i 1EB) and0omal@ories for
GF, V-agent (VX) (phosphonothioic acid, nethyl-,
%h%?%ﬁ%@%?qn@e%@yb%%%%hﬁ%ﬁ%%)%%%y%&i ]?Eﬁﬂg fggfgﬁ Khetic
pyri dostigm ne, ~ or any conbination thereof or

R G o R e g odie T 8 CpTgary L ror wherein

i ntoxi cant. 10. The nethod of claim.9, wherein the

bOEMBAETY Gfnttog CaRCHrENShASgéhE CEEF I@SERddGed rror are
(DP), chlorine or 5 chloropicrin (PS), or any _
EgrkiAatiesh ithére 6l eart rderifiatlidv e ondHgngsit iom thpfe s

nmet hod of claim 1, wherein the target nolecule is a
hhitshed &@eﬁhﬁ geometry of the electron-emitting surface;

d) determining the number of reflections made by the
electron beam in the reversal region; and

e) modifying the geometry of the lens stack in light
of the results obtained in c¢) and the results obtained in
d) to provide an electron kinetic energy of 2 meV or less
and at least 5 reflections at the reversal region.

17. An apparatus for generating low-energy electrons in a
reversal region, the apparatus comprising:

a) an electron emitter comprising an electron-
emitting surface for generating an electron beam comprising
electrons;

b) a lens stack comprising 1) an electron extractor
for electrostatically focusing the emitted electrons along

an axis to a reversal region and 2) an electrostatic mirror
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12. The nmethod of claim 11, wherein the blister agent
is 10 sulfur nustard (HHD) or nitrogen nustard (HN),
arsenicals (lewisite (L)), or phosgene oxinme (CX), or
any conbination thereof or derivative thereof. 13.
The method of claim1, wherein the target nolecule is
a drug. 15 14. The nethod of claim 13, wherein the
%ﬁ i s _heraqin ai ne.. 15. The nethod of claim1,
ér &F Httrﬁélrzév“@r §§ﬂe @166&‘3 @&ﬁﬁﬂl&é@ 3% GlaSHLP Y
reversal planes of electrons. 16. A nethod for
gener &i ng 3 8RAETerr gy ledErFgns Nion the 10 Slelrersa)
regi on, the nmethod conprising: a) providing an
slregecor rémist ttorr chpeilsictgoarns bel ectrlyr-lemw tthengxial and
surface for generating an el ectron beam conprising
ebedbrons nel) cprovirdiyn@ fa thene 1sicacikoneonpr itsieng eble raian 1
el ectron -29 extractor for electrostatically focusing

thegiem,t Wl r e GhicORS a3le@R® AR S the @ 1:8¥8I%d at the
region and 2) an electrostatic mrror for
oy -3LhZ -G 1 e AlcNeLhC, aneray 1of |

geternfn%ﬁg the fle s %ﬁggtﬁgject%ﬁﬁgg%?ky%Q%ﬁds
ele ¢trons by d er.m.ni ng the axi al and radi al Ki i C
wnﬁ“ﬁé&%ﬁﬁ%ﬁ%%%#ﬁm %Wﬁmﬁﬁh

wherein the paths of the electrons at the

.@PSGFFB@t§Pﬂ§tﬁpﬁréPr§P§e’calculated in an

electric-field configuration that is 10 nmatched to the
geonefy of fRENE| é6tr BfLerTirilng Sef aggerdpf electron
determ ning the nunber of reflections nmade by the

gksgetrsend sheamthe trkgerewdr salgioegi on; and e) nodifying

the geonetry of the lens stack in light of the

resul €3 obtameedsi Moe) aaad yizhegr el tresohtcai ped aiied in c)
and the results obtained in d) so that the geometry of said
lens stack can be matched to the geometry of said electron
emitter thereby provide 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.

20. A chemical sensing apparatus for detecting the

presence of a target molecule, the apparatus comprising:

a) a gas phase jet separator having at least one
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15 d) to provide an electron kinetic energy of 2 neV
or less and at least 5 reflections at the reversa

region. 17. An apparatus for generating | ow energy
el ectrons in a reversal region, the apparatus
conprising: a) an electron emtter conprising an
el ectron 20 emtting surface for generating an
el.ectron _heam conpri sin el ectraons; b) a lens stack
CORPri $Prig f)djz%ﬁ"'eé”ite%%ﬁ‘ SXPEEIG Pegit. @ second wall
el ectrostatically focusing the emtted el ectrons along
B oG It §ag I dvidesali e oy and! 2) tar rél ectdostigtiad said
mrror -30 for neutralizing the kinetic energy of the
elhgetcrtans; pog)t;a nmeans for determning the fields and
trajectories for the electrons by anal yzing the axi al
and adi alarkienetdtecenaogy opft itthe relheetr ans vatpdrhe
reversal 5 region, wherein the trajectories of the
ebagiunaks talbort e thr ever sl rey0n e eadlLWatedd n an
electric-field configuration that is matched to the
%%% try of the electron-emtting surface; d) a neans

o eterm ning the nunber of electron 10 reversals

in the reversal region; e) a ns for anal.yzing the
results ob?ﬁine ni%lgftrgﬁdegﬁg%FéSﬁQF?r&ﬁﬁ gn@%i%l%ﬁtron_
so .that the geonetry of said I|ens stack can be

RELERERSt W HEGeonetry of said electron enitter
thereby provide an electron kinetic energy of 2 meV 15

or | ess and)at Ped$fs5 Stefike SOMPAS Sddt-he rever sa

region. 18. The apparatus of claim 17 further

conprising an iaon exnr &teichr ono mEdremtt ormn fiogn

conmuni cation with the reversal region. 19. The
appatabus aefi callaiymebBusfiugt heke eaipriesi R eatf@$S aAdng an
anal yzer in ion comunication with the extraction

axis to a reversal region; and
ii) an electrostatic mirror for neutralizing
the kinetic energy of the electrons;

c) a means for determining the fields and
trajectories for the electrons by 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 an electric-field
configuration that is matched to the geometry of the
electron-emitting surface;

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

e) a means for analyzing the results obtained in <)
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conponent. 20. A chem cal sensing apparatus for

detecting the presence of a target nolecule, the
apparatus conprising: a) a gas phase jet separator

having at | east one -31 first wall adjacent to an
injection port, a second wall proxinmal said injection

port and a third wall distal said injection port; b)

an el ectron-ion optic chanber in vapor

EBfmiAiCe &G5O Wi P TS Gt s EParsst oat ﬁglecHﬁr?oserStaCk can
conprising: 1) an electron emtter conprising an

OPe BOAGH-L St PAY VSl & © 1B - tar dres nsttdek energy of 2 meVv
conprising: 10 i) an electron extractor for

elredesesteaid eal |y afsac s ined lcld iomst tagd tdleeatervenssadl areggion;
an axis to a reversal region; and ii) an

el ect rfost atanc iminr reodt raert ireutdcalpazieng  itrhe dg rRefrintinication
energy of the electrons; 15 c) a nmeans for determ ning

whe nf it@leds caRe s atir HeRGIRN;I @%d or the el ectrons by

determ ning the axial and radial kinetic energy of

el ectigns at Lhe eleqlrest gt G o Mddnfifun MIENRIN LG the
trajectories of the el'ectrons at the éﬁectrostatlc
g&&&%%t%%% %@ cg %%%d in an electric-field 20
configuration”?héi is matched to the geonetry of the

el ectron-emtting surface; d) a neans for determnin
PRETRdRDEL SO TPER ST GRS 2 Hade By*et & TaSdc odie Pegmt©

in the reversal region; e) a neans for analyzing the
PESEIES Colst sicnedtiah 1e) neg3Z 1gwd ite resul ts obt ai ned

in d) so that the | ens stack can

21. The apparatus of claim 20, wherein the jet injector is

made of stainless steel.

22. The apparatus of claim 20, wherein the jet injector
further comprises a heating element.

23. The apparatus of claim 22, wherein the heating element
maintains the jet injector at 140 C.

24. The apparatus of claim 20, wherein the mass analyzer
is a quadrupole mass analyzer.

25. The apparatus of claim 20, wherein the optic chamber,
ion extraction component and mass analyzer are contained in
a vacuum chamber.

26. The method of claim 1, wherein modifying the geometry
of the lens stack comprises modifying a shape of an element

in the lens stack.
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be nodified to provide an el ectron kinetic energy of 2
meV or less and at least 5 reflections at the
reversal region; f) an ion extraction conponent in ion
communi cation 5 with the reversal region; and g) a
mass anal yzer in ion comunication with the

extraction conponent wherein el ectrons can attach to

ecul gner : te a dete bl e n atlve
Pon. | 365 neheE’ i sl Tor “BiShem oG aeth

injector is nade of stalnless steel. 22. The
éﬁﬁ‘&ﬂ‘a?@éﬂ%ﬂS(ﬂsaln}ﬁdZCfYW‘ﬂeraelﬁ?st%ﬂ%toﬁ rﬁf’e@tlﬁment in the
further conprises a heating elenment. 23. The apparatus
dfengl sitmcX2, wherein the heating el ement 15 maintains
the jet injector at 140 C 24. The apparatus of claim
26,. WTtreeme thivel nefs s lanal yizerfunthear quagipalrey MBS rmining
anal yzer. 25. The apparatus of claim 20, wherein the

eplel ¢eRRRFST of ithR QiAGiia conponent and MBS
anal yzer are contained in 20 a vacuum chanber.

Phe metRodofh & &fmch.a iwhear eigh Jmdiy fﬂe‘%%rtrﬂ%lg‘%)?'ﬁ{er ¥ields

of ‘the lens stack conprises nodifying a shape

I I 27. Th
%n%ﬂ%@%jgﬁ%&gy%s %Q%i%kﬁpﬁl é%%ons Ongég%;cg eteg%gnlng

ng the I"ens npri
a positian of an el enent th Iens st ack.
282 Fhe e RO o ORGHALET G0 R 0GR St et i ning the

detern1n|ng 5 the geonetry of the Iens stack 29. The
RELRdd 2K cPaiimll KiWRéris Frdetdsr mifnisdgatirerisi-el ds  and
trajectories for the electrons conprises deternining

BRe f Téledsicamdct 1od] edtedm ds byreamdlnyttihealdeyersal region
determ ning the

comprises a plurality of spherical equipotentials.

31. The method of claim 1, wherein intersecting the
reversal region with the target molecular gas beam
comprises intersecting the reversal region with the target
molecular gas beam comprising toxic substances produced by
manufacturing plants.

32. The method of claim 1, wherein intersecting the
reversal region with the target molecular gas beam
comprises intersecting the reversal region with the target
molecular gas beam comprising toxic substances produced by
a manufacturing plant.

33. The apparatus of claim 17, wherein the means for

matching the geometry of said lens stack to the geometry of
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axi al and radial kinetic energy of electrons. 10 30.

The nmethod of claim 1, wherein the reversal region
conprises a plurality of spherical equipotentials. 31.

The nmethod of claim1, wherein intersecting the

reversal region with the target nol ecul ar gas beam
conprises intersecting the reversal region with the

target .15 nol ecul.ar gas beam conprising toxic .. _ .

SGHSh SHSEE B oltad Ty CHRIULER O IR B s Moss Ty the
met hod of claim1l, wherein intersecting the reversa
FEGIET T O {Hhe tl&MFetSt®Sikecul ar gas beam conpri ses
intersecting the reversal region with the target 20

Fdl-ec har agpas dedam ednprlissim@ &yoxihe reulysttdreceeans for
produced by a manufacturing plant. 33. The apparatus
obddlfgiimgl T hewnerosiat yhe fimgdes lfeors stmicGhidqugnprieses a means
geonetry of said lens stack to the geonetry of -34

Faird nelde tyrieny enishagle GEATRIN SQSrnteans ther 1@ fydaik .
the geonetry of the lens stack. 34. The apparatus of

glsal mr2Q, Mpeneichd g reans oy, JRdidiy M9 d hRans for
geonetry of the lens stack conprises a nmeans 5 for

AR h f t, int t .. 3D.
MR8 50 AR S8Rtk Pnean

di fying the geonetry of the |ens stack conpri.ses a
o e SR S b SIS o e 1T S tack
| ens stack. 10 -35
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