DOckel No. 0-01 METHODS AND APPARATUS FOR ANALYZI NG SAMPLES AND COLLECTI NG
SAMPLE FRACTI ONS FI ELD OF THE I NVENTI ON [0001] The present invention is
directed to nethods and apparatus for anal yzi ng sanples and coll ecting sanple
fracti ons WeckdiNogWestProbmat ogr aphy system BACKGROUND OF THE | NVENTI ON

[0002] There is a need in the art for nethods of efficiently and effectively
anal yzi ng smETHODS AND APPARATUS FOFARALVZING SAMPLES AND COUDECTNGPhY
system There is also a need in the art for _an apparatus capable of
effectively anal yzi ng sanpl es arﬁIAMBFEé:CR‘mB%pI e fractions. SUWARY OF THE
| NVENTI ON [ 0003] The present invention relates to the discovery of nethods for
anal yzi ng sanples and collecting sanple fractions with a chromat ography
system ThEELR OFEHE INKENTIONG ovi de a nunmber of advantages over known

met hods of (@il yzi ngTI'ﬁl,ﬁrﬂPé@m |ﬁ%nt%ﬁai§p|dﬁectbbetod'ﬁ&h@@@%n@ehp patanRf chrhe
present invention may utilize a splitter or a shuttle valve to actively

control fl @n@IW«’-'ﬂﬁ\ﬁafT‘rWQﬁJQW &eollgcling tsagipte fackansoviti @ ehiamaiaosdyssystim.abl es
(e.g., flowrestrictions, total flowrate, tenperature, and/or solvent

conposi tion) do not neatlvel pact the fluid flow through the at | east one
detector. BACKG 2 OF [IQMe present invention may al so uti I | ze one
or nore defqtfobfr S toppi %enéem T SAPIoP L eriDas Y i il Bflecth as
wel | as colflection of one or nore sanple fractions in response to on or nor e
det ect or sApalk¥isg Sagwlashan®d sellestingnsampirefraetiagisswith a chromatography system.

There is also a need in the art for an apparatus capable of effectively analyzing

samples and collecting sample fractions.

SUMMARY OF THE INVENTION
[0003] The present invention relates to the discovery of methods for analyzing

samples and collecting sample fractions with a chromatography system. The
disclosed methods provide a number of advantages over known methods of
analyzing samples. For example, the disclosed methods of the present invention
may utilize a splitter or a shuttle valve to actively control fluid flow through at least
one detector so that process variables (e.g., flow restrictions, total flow rate,
temperature, and/or solvent composition) do not negatively impact the fluid flow
through the at least one detector. The disclosed methods of the present invention
may also utilize one or more detectors to provide a more complete analysis of a
given sample, as well as collection of one or more sample fractions in response to
one or more detector signals from the one or more detectors.

[0004] The present invention is directed to methods of analyzing samples and
collecting sample fractions. In one exemplary embodiment, the method of analyzing
a sample comprises the steps of generating a signal from one or more detectors in a
liquid chromatography system, the signal comprising a detection response
component from at least one detector; and collecting a new sample fraction in a
fraction collector in response to a change in the signal, wherein the amplitude of the
signal is modified by the liquid chromatography system. In one exemplary
embodiment, the signal may comprise (i) a detection response component from at
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In an even further exemplary embo mem the method of analyzing a

t he

sample comprises the steps of generating a signal from one or more detectors in a
liquid chromatography system, the signal comprising a detection response
component from each detector; and collecting a new sample fraction in a fraction
collector in response to a change in the signal, wherein amplitude of the signal is
modified by fluidic means. In one exemplary embodiment, amplitude of the signal is
modified by changing the amount of sample transferred to the one or more of the
detectors of the chromatography system, such as by changing the design of the
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[0013]In a further exenplary enbodi nent, the nethod of anal yzing sanple
conprises the steps of generating a signal fromtwo or nore detectors in a
| i qui d chronmat ography system the signal conprising a detection response
conponent béRM.Bloslo@AaSt one detector; and collecting a new sanple fraction in
a fraction collector in response to a change in the signal; V\/nerein the two or
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[0013] In a further exemplary embodiment, the method of analyzing a sample
comprises the steps of generating a signal from two or more detectors in a liquid
chromatography system, the signal comprising a detection response component
from at least one detector; and collecting a new sample fraction in a fraction
collector in response to a change in the signal; wherein the two or more detectors
comprises multiple detectors having different dynamic ranges.

[0014] The present invention is also directed to an apparatus capable of
analyzing a sample. In one exemplary embodiment, the apparatus for analyzing a
sample comprises system hardware operatively adapted to generate a signal from
one or more detectors in a liquid chromatography system, the signal comprising a
detection response component from at least one detector; and a fraction collector
operatively adapted to collect a new sample fraction in response to a change in the



sanpl e conpri ses system hardware operatively adapted to generate a signal from
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design of the sample transfer device. For example, in an exemplary embodiment

where a shuttle valve is utilized to transfer the sample to the one or more detectors,
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systemis operativel ted fo generate the si rom at | east about 30

uUrni n. of SYHRPE @%Péﬁegég tiagsten deosrmpie tmeeo'?fegre@ﬁﬁ deteetor 39 $AMAP'Eur t her

exenpl ary eghedi FR8tmay be rﬁm@éoawgmﬂ;ﬂé c@ﬁ@bﬁéhtﬂﬁteﬁ’clﬁ%@'@' By €8BI haigsiesyst em
har dwar e oper atively adapt nerate a fromone or nore detectors
Oﬁﬁﬁvgék}%%gﬁﬂ

in a liqui apafwr%r?apw t’?@\@"%‘i"‘g‘?ﬁl 6'3#7%?'!“@“% a detection response
conponent s}one Qh @mﬁerd@k (E\;s .enfitiirient! aRé | APpasailis 6k canag@m@ahl vely

adapt ed to coI ect a new saalr% raction in response to a chan% t he
far ngly

si gnal ; wh&RBPI¢ FHEPisE et %@psraéwewaapge@stoagﬁra% AR EHEOTS, gnal is
generat ed HrOWr %érbgi"étecﬁ@rlériﬁea Qcﬁwgrcﬁﬂirﬁétobﬂaéﬁy %?é’fléhw lhé @i@ha[ é@ﬁ@r}éﬁg anot her
exenpl ary enbodi nent, the apparatus for ana nprises system

har dwar e oB%ﬁeﬁ?‘?r\/Effsi’oaﬁFaﬁP@Goﬂ%ntgféQf@ raitleasy Cg‘leg‘i’ﬁiPCtP'i (?rﬂdt %raSVOWTE? IeCHRst ect or s

in a liqui gpshfivapbagseshy céwaﬁ@mew Banﬁneqwloﬁqmgpéhéwt@a@ﬂhﬁgé inORer esponse
conponent from one or nore detectors | ector operatlvel y

raction_col

adapt ed t 0SigBRh ddEreln #é%v"%‘élﬁxﬂh{?rf‘?t&s{quﬁ ﬁyﬁtef‘b?p%%“‘teg/ adamam de madifyhe

si gnal ; whegmglithde et t‘lﬂéﬂs@rﬁalg%lz %éiab%t&r@es@mnm S é&énﬁm@ﬂyeerﬁ%@ﬁfeﬁfs havi ng
er

di f f er ent dynam c ran 4]l n yet anot exe enbodi mant t he

appar at us ﬁ@P“@Hﬁl%izTP%g%@ éﬁwmoé’*f@Sn%f Frarging theaelys 9 Heéf@(so? samile| i qui d
chronmat ogr glYesdhebane dnBeorf makt bPthe dd6BEs Mhejclxg&ﬂagto@ﬂapﬁ?@'éy@féherd?e' ng

operatively adapted to (i) recognjze. receive and _process one or mpre signals

from at | eBMpRe INHONBCHHMPIANd WPP?'”@@F vdere GRe FEP o rdizedmiie PhYsiedli ons
based on tpgpenRs¥t sERHR: hhtlcBes optics portion(s) of the one or more detectors may

be changed, such as by the use of different impactors (e.g., flat plates or screens) or
use of different drift tubes, or combinations thereof. In another exemplary
embodimenti, the signal level of the one or more detector(s) may be modified by
changing the mechanical elements of the detector(s). For example, in an exemplary
embodiment where an EPD is utilized, the nebulizer, drift tube, or optics block
design, or combinations thereof may be modified. In another exemplary
embodiment, the signal level of the one or more detector(s) may be modified by
changing the operating conditions of the detector(s).

[0019] In an exemplary embodiment, the apparatus for analyzing a sample
comprises system hardware operatively adapted to generate a signal from one or
more detectors in a liquid chromatography system, the signal comprising a detection
response component from one or more detectors; and a fraction collector operatively
adapted to collect a new sample fraction in response to a change in the signal;



[ 0025] The net hods and apparatus of the present invention nmay conprise at | east
one detector. Suitable detectors include, but are not limted to,
non-destructive detectors (Le., detectors that do not consune or destroy the
sanpl e dur iDepiet KheWV®EX0t on) such as UV, R, conductivity, fluorescence, |ight
scattering, visconetry, polorinetry, and the |ike: and/or destructive
detectors (Wheesin tHetligoidotirohiatdgrashis bygemris dsstratvelyt BeaRedmb Qedbfdtd)@n

det ection) such as .evaporati.ve particl tectors (EPD), e.g., evaporative

| i ght scat tag}q?‘ﬂ'@edg?ré%g'&‘% EE@B?{awgéﬂdgati on nucl eation |ight scattering

dgt ectors (6ago$D) ] ellﬂ_t a, fugthgro @ﬂerﬂblalﬁ}wémdinﬁmﬂ,s t@@pparf@mt] for, arli\@MdE a _

adsorption, and the like. For ex e, the apparat of the presept invention

may | ol waSaapR eBprescostPT deup Ongrativel stk B Sensa: & SaAp e

scatteri ngoflet@ahore (dbSYs inod nh@a%r@ﬁ@togmt ysfyerh, angtsiinal Mhprigihg keast one
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condensati on nycl eation |ight scatterin ctor (CNLSD),, at, | east one corona
oo e aBieation Fetnafte coPoniva T ohB i VEO P HASCIS: BOY By PR TSHON cacs on

L I ;Jor tesce?ggemwptaaap{eﬁ%,confdt _raahevﬁl@&@l@lteofrradtﬁ?)ir_n r@?o?@@fd a@hangé ectheocheni cal
et ect or e.d.,. ronetri ¢ or coulorne.tricC e ctors),, or n
oot ot i Saahab rirein B JHE e r Bo S el it obeREvEL EoRBEH TRgrTedpr i se
oRe or Eormeey@ﬁ;ﬂd éaﬂaict:ﬁw @ﬁlé@iﬁiaﬁ dﬂ%tqlaéitt@[absbﬁ {cEﬂlﬁt . \an: ch all Owslthe ]lgset ﬁf
cnromapnor | non-cnro ori1 c, solven as € nbpll e phase. n a ur er
e o Al oo I SRR BemPlad( | e asimas RS P aseive S STa et B o
destructi veasgleecsraprisashdyetene haklvese dpleeivegradiptathtd Gatsersiend aighdl ﬁctmci fi cd
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properties, nolecular weight, chemical struc el enent al
Shirality BRe AR HTECOR bia I9Ud rornaiaRAPby SYHET: HerPishe! ERTPEY G ésact at ed
with the paatectigd GEpbREE cOMPERENT fidhy @Ak ICRMNdre deNedlorcUad A rfradtio® ebikibtdro
conput er readableI mﬁdl uH: havh@rpfg stored t efr ecﬁ,n conput er - execut abl e
i nst ruct i oRBSRYYC) BFRBIER; 1A GOLRE aIEHBRIPES TAGIEN R I$RPENSE &ha SPANSR BF t he
exelrml gry @thl@d@e%ﬂ’&é IRt Berbeiafogrd ity St iLopdrantibidapiadiidigernamtebe uaed
to | oad application code ontq an _apparatus or an apparatus conponent. such as
any of 1 ho e, SEral B O GRS MOl RAE R DTORCEH Hoina N8 O Ay de
i nterface wJetddtoas) operator and/or (ii) provide logic for perform ng one or
nore of th hod ste escribed herein.. Docket No, W9910-0 0027] These
Tt other TZBl s dhck SO SRSay PREOHMETEni e ABRATRNSY ch TG e
appar ent atampleacanedrisey Kbtdnh GafdidreWpbgtigelaidagtbdiRsgeridpatean sighalt fiemdi scl osed
exenpl ary enbodi ment(% %‘gd t.he ﬁﬁ_}pgnged cl ai rrF Bgl EF  DESCRI FTI ON. OF THE
FI GURES ~ [ 8028 BIQse detefpiscina Jid COrpsmalPgrapiy sy ereth [Beaidngt Sprprisi&fem of the
present i ndertiimresponsd somporeri fitont bAe op withe idetettdrsyahy adeietic® olfdetird flow to
2 detect or b 0073) Elhred (SRS & ANPLRSHITHRIBh 3 Yeopolsh th STHONES PfaPhy

signal; wherein the one or more detectors comprises an ELSD and the signal is

generated from a light source of greater than about 1 mW.

[0023] In another exemplary embodiment, the apparatus for analyzing a

sample comprises system hardware operatively adapied to generate a signal from

two or more detectors in a liquid chromatography system, the signal comprising a

detection response component from one or more detectors; and a fraction collector

operatively adapted to collect a new sample fraction in response to a change in the

signal; wherein the two or more detectors comprises multiple detectors having

different dynamic ranges.

[0024] In yet another exemplary embodiment, the apparatus for analyzing a

sample comprises a fraction collector in a liquid chromatography system, the fraction



present invention conprising a splitter punp and a detector; [0030]FI G 3A
depicts an exenplary liquid chromat ography system of the present invention
conprising a shuttle valve and a detector; [0031] FIGS. 3B-3C depict the

oper ati on Ofckegfy. WR®OEpl ary shuttle valve suitable for use in the present

I nvention; [0032]FIG 4 depicts an exenplary liquid chromatography system of

t he presentoligayeidiropnamvel\sadaptad B)iret@nizey razedadnoviocisemedr$hork0033] FI G

e ot TR a0 GRS BT gL L RS dvert o

exenpl ary bhasgd 6h ¢¥ e@BbagoRYhaiy/St em of the present invention conprising a

(S:Elrjf)ﬁnla?o\é?% 233% \gﬁﬂeg:%% t(s,)r.?:l%d a[p%g?’a st !Jﬁhe7prg§grllt%vsen Qn err%(aen(Pc!n?prrYsel qui d
least one detector. Suitable detectors include, but are not limited to, non-destructive
detectors (i.e., detectors that do not consume or destroy the sample during
detection) such as UV, RI, conductivity, fluorescence, light scattering, viscometry,
polorimetry, and the like; and/or destructive detectors (i.e., detectors that consume
or destroy the sample during detection) such as evaporative particle detectors
(EPD), e.g., evaporative light scattering detectors (ELSD), condensation nucleation
light scattering detectors (CNLSD), ect., corona discharge, mass spectrometry,
atomic adsorption, and the like. For example, the apparatus of the present invention
may include at least one UV detector, at least one evaporative light scattering
detector (ELSD), at least one mass spectrometer (MS), at least one condensation
nucleation light scattering detector (CNLSD), at least one corona discharge detector,
at least one refractive index detector (RID), at least one fluorescence detector (FD),
chiral detector (CD), at least one electrochemical detector (ED) (e.g., amperometric
or coulometric detectors), or any combination thereof. In one exemplary
embodiment, the detector may comprise one or more evaporative particle
detector(s) (EPD), which allows the use of chromaphoric and non-chromaphoric
solvents as the mobile phase. In a further exemplary embodiment, a non-destructive
detector may be combined with a destructive detector, which enables detection of
various compound specific properties, molecular weight, chemical structure,
elemental composition and chirality of the sample, such as, for example, the
chemical entity associated with the peak.
[0026] The present invention is even further directed to computer readable
medium having stored thereon computer-executable instructions for performing one
or more of the method steps in any of the exemplary methods described herein.
The computer readable medium may be used to load application code onto an
apparatus or an apparatus component, such as any of the apparatus componenis
described herein, in order to (i) provide interface with an operator and/or (ii) provide
logic for performing one or more of the method steps described herein.



present invention conprising two shuttle valves and two detectors; [0036] FI G
8 depicts an exenplary |iquid chromatography system of the present invention
conprising a splitter punp, an evaporative |light scattering detector (ELSD),

and an ul t paxet '@l vwese1o@UV) detector; [0037]FIG 9 depicts another exenpl ary

i quid chromat ography system of the present invention conprising a splitter

punp, an Elgg7and amrd¥edpidanber feallPOS8hd h&antdd- ke geamient invBftioppemat i on of

an exenplary shuttle valve suitable for use in the present jnventijon;

[0039] FI G P830TBR BPRRIENLAR hipvis @‘Ltée??'@m%%taﬁﬁa fipin etige S5slasati on of
various nakiériplaB) SElb6dimeHEs A1 B HICATPEMInGNr omat ogr aphy system of the
present invention; and Docket No. W910-01 [0040]FI G 12 depicts a graph oi
ELSD det ect or response val ues for the

BRIEF DESCRIPTION OF THE FIGURES

[0028] FIG. 1 depicts an exemplary liquid chromatography system of the
present invention comprising a splitter pump to actively control fluid flow to a
detector;

[0029] FIG. 2 depicts another exemplary liquid chromatography system of the

present invention comprising a splitter pump and a detector;

[0030] FIG. 3A depicts an exemplary liquid chromatography system of the
present invention comprising a shuttle valve and a detector;

[0031] FIGS. 3B-3C depict the operation of an exemplary shuttle valve
suitable for use in the present invention;

[0032] FIG. 4 depicts an exemplary liquid chromatography system of the
present invention comprising a splitter pump and two detectors;

[0033] FIG. 5 depicts an exemplary liquid chromatography sysiem of the
present invention comprising two splitter pumps and two detectors;

[0034] FIG. 6 depicts an exemplary liquid chromatography system of the
present invention comprising a shuttle valve and two detectors;

[0035] FIG. 7 depicts an exemplary liquid chromatography system of the
present invention comprising two shuttle valves and two detectors;

[0036] FIG. 8 depicts an exemplary liquid chromatography system of the
present invention comprising a splitter pump, an evaporative light scattering detector
(ELSD), and an ultraviolet (UV) detector;

[0037] FIG. 9 depicts another exemplary liquid chromatography system of the
present invention comprising a splitter pump, an ELSD and an UV detector;

[0038] FIGS. 10A-10C depict the operation of an exemplary shuttle valve
suitable for use in the present invention;

[0039] FIG. 11 depicis a graph of ELSD response values for the separation of
various natural products using an exemplary chromatography system of the present

invention; and



separation of caffeine using an exenplary chromatography system of the present
I nvention, DETAILED DESCRI PTI ON OF THE I NVENTI ON [0041] To pronpte an

under standi ng of the principles of the present invention, descriptions of
speci fi c eretploaipiodhbodi nents of the invention foll ow and specific | anguage
I's used to describe the specific exenplary enbodinments. It will neverthel ess
be under st qapoy hat rRd. i12 tiambtena @fraphef Ea;ep)edeifectdaeeic:m@tsifmeé foritngended by
t he use of sgectflc Iagg e, AIterat|P furth _@ and such
further apPPPEGHPRLRE CBYEINRASHIG A iSyproglasf CPW@‘%?%’QB’PX SY%’@n?f F RiPSRTssed are

cont enpl at gfeasonoul d normal ly occur to one ordinarily skilled in the art to
whi ch the |E§§Et:§2 §§5ﬁﬂ 8 42] b e not ed that as used herein and
in the app L M@M "and", and "the' include
plural refeygans unlmsprohiife BANHERstRI df){héibﬁrﬁcaﬁl%opﬂéﬁﬁr%éﬂmv'éhh@n for
exanpl e, reference t{)spa sol vent" incl udes a }%qréf%such sol vents and

ref erence P@SW'@BP%H §GHiq %?ffé’éo!?'é’feé? e'f”@ 'ée éﬂ"e gy ALk Pesitig

equi val ent g tgb@@@Oifs ksgniot desdibee tﬁ&léde@mcl Bxéglad) temisutimestsf ort hwill
[ 0043] " About '’ ying, for uantity of an, i ngr edient in a

conposi ti of® "%ﬁ tP%ltlfrlﬂ‘i%Sto%lf%EEO IE‘P’I?&'BESOft Hﬁpé?%q%oé§ dPYRIEeE 18i nres,
recoveri esifiéndsdeb ?ehe fukeveir seefic !éﬁ@hdgekeAHéﬂat!@‘&s feRBler ﬁf@;ﬁméaﬁd‘ﬁér eah,

enpl oyed m%mﬁ t he eﬁnglary E(%Oﬁg nts of the disclosur refers to
variation PWC fleagnona PE{RFNCR {ﬁ%oer@aﬁnt nypntigpadiseussed i#8ugh

typi cal negsptempthiédds R0/ hdrthally B668HUS BRe ofdIh&ikg Bkill(tRRAVAS bARb viidhathei N t hese
procedures; thrqgggh differences 1n the ingredients used to carry out the

met hods; alfyyens mate consi derations. The term'about' also enconpasses
amount f t?mo adj f fer |ttimasmeagwmgh9f a@u{stﬁi ﬁanijea’]g b@(ﬂllﬁ/\/tﬁeha;?pelﬂaé@ icRithariheni ti al
concentration or, m xture, at di ue to mxin processi ng
a formul at FHAUR fasmg %ar@”@uﬁ%‘?nﬁ ‘E"F%ﬂpeé’ %léﬁ{erf%ﬁtﬁblﬁleé‘ﬁ thg ‘H'Ug’gceﬁ‘ﬁlét her

nmodi fi ed byictdies b@ERVISE IS, fdrfwcamlpw m@rem@@m@l&aﬂsa%zﬂt mclua@blactﬂu@qwldfal ents to

t hese quantities 0044] used herein, the term "anplitude neans the size of
chr omat ogr AHH) %O)ffé'& ?éé%&%%ﬂ tBySOAV%TEt‘QEWS?S. '41BEas HE%‘JG%QH”}%‘? gPMeNtBhe term

"chr onmat Ogéﬂ@BguxvﬂBﬁt@Sh&thk{rﬁjmﬁ‘rﬁﬂo tﬁ@éd@me@fsnwamadnm foRhwhi ch the conponents

to be separate are distributed befween two
About" modifying, for example the quantity of an ingredient in a

composition, concentrations, volumes, process temperatures, process times,
recoveries or yields, flow rates, and like values, and ranges thereof, employed in
describing the exemplary embodiments of the disclosure, refers to variation in the
numerical quantity that may occur, for example, through typical measuring and
handling procedures; through inadvertent error in these procedures; through
differences in the ingredients used to carry out the methods; and like proximate
considerations. The term "about" also encompasses amounts that differ due to aging
of a formulation with a particular initial concentration or mixture, and amounts that
differ due to mixing or processing a formulation with a particular initial concentration
or mixture. Whether modified by the term "about" the claims appended hereto
include equivalents o these quantities.

[0044] As used herein, the ierm “amplitude® means the size of
chromatographic peak displayed by a detector.

[0045] As used herein, the term “chromatography” means a physical method
of separation in which the components to be separated are distributed between two

10



Docket We. Vt19910-01 phases, one of which is stationary (stationary phase)
whil e the other (the nobile phase) noves in a definite direction. [0046] As
used herein, the term"dynanm c range" neans the ratio of a specified nmaxi num

| evel of appardmebeb, such as power, current, voltage or frequency, to the

m ni nrum det ect abl e val ue of that paraneter. In the present application dynamc

range mean t S nt at
whi gh t he gh% ect gﬁgﬁf%ﬁﬁﬁg%\éﬁ\%en%& (é;sger %ﬁe@%ggtmjlhg%qﬁ%l ec{@%eer?%ggﬂ As used
her ei n, thghawimOVQauma definitesditgggiomnpl i fi cati on of the detector [0048] As used

herein, fq okgm | 'A&“'uge&mé??@égﬂé QBW"'%Q?E Peﬂ@s ri”é 4R (B ’ﬁfxéures by

paSSI ng a m xture di sso I’OU a Co
conpri si ngsr:seczﬁteait imaximymplexske of whi pameisar aues atSh@oweal wreer(t,i veltage: lo¢ t ar get

subst ance) ¢/f é:?’te :ft‘ﬁrth ﬁfﬁ‘rﬂrﬁsqété”%&t:}lé PRI Elhg‘tnﬁar%He?%!\s dﬁ the d:?%sén%o' at ed.

[ 0049] As use erm " no ase a gas, or
a super cri applightign @Ndamhatan@@npﬁamma hwlmmeémm te swg&&&itm FNgHSr

anal yzed aggabrRAlnt Pl he BBLER, WIBAER) AoBATRE kabith diecgpal vt e through

t he col um romat ogr a col um or
cartridge [004¢] , théSdedlaﬁ@n ﬂh@dsrinmﬁgatlrhi’enearwthheraamghﬂpaime)f tmlde’@CtOIne anal yt e
in the sarr&b)g jnteracts with the stationary phase and is separated fromthe
sanmple. [0 TAs used herein, the term"stationary phase" nmeans nmaterial fixed
in the coI [d8br cartsr iusgd thesain.s ghectarel Yiquids shissnatbgraphid] yeeartsr dhet he

sanple |1 Se. i be ARSRS BPRALEHLOD il b BSsdled 138! Mfotte! bl m Xt ur e

di ssol ved I le umm conprising a stati onary phase,
whi ch sepaihseugh a la'eluanacwensimg bestatimant ploade; whicht $eparates drubeayier(i.ehe mi xture

and al | owsyt £, 0stb& i3 M) 8Fm other molecules in the mixture and allows it to be
isolated.
[0049] As used herein, the term “mobile phase” means a fluid liquid, a gas, or
a supercritical fluid that comprises the sample being separated and/or analyzed and
the solvent that moves the sample comprising the analyte through the column. The
mobile phase moves through the chromatography column or cartridge (i.e., the
container housing the stationary phase) where the analyte in the sample interacts
with the stationary phase and is separated from the sample.
[0050] As used herein, the term “stationary phase” means material fixed in the
column or cartridge that selectively adsorbs the analyte from the sample in the
mobile phase separation of mixtures by passing a fluid mixture dissolved in a
‘mobile phase" through a column comprising a stationary phase, which separates
the analyte to be measured from other molecules in the mixture and allows it to be
isolated.
[0051] As used herein, the term “flash chromatography” means the separation
of mixtures by passing a fluid mixture dissolved in a "mobile phase" under pressure
through a column comprising a stationary phase, which separates the analyte (i.e.,
the target substance) from other molecules in the mixture and allows it to be
isolated.
[0052] As used herein, the term “shuttle valve” means a control valve that
regulates the supply of fluid from one or more source(s) to another location. The

11



[ 0051] As u
m xtures b
pressure t
anal yte (i
allows it
a control

t o anot her

sed herein, the term"flash chromatography” nmeans the separation of

y passing a fluid m xture dissolved in a "nobile phase" under

hrough a col unm conprising a stationary phase, which separates the
P@kej NotWegtooar get substance) from other nolecules in the m xture and

to be isolated. [0052] As used herein, the term"shuttle val ve"

neans

¥Alive vbh/@tméﬁgmiiﬁ Rftary e IBeBPMOLBH 16 Inthé & aMpRNROMT olTRIig 1pOUr Ce(S)
e

| ocation. T

Docket No, WP910-01 shuttle valve may utilize

rotaryl i ne8POHRBEi on to nove a sanple fromon fluid to another. [0053] As used

herein, th
[ 0054] As u
of a fluid
nore or le

ﬁ)dS@Lm "1 1 A8 dsed"B@RM, Ird@asm Hiudl infeardndl gBYPRIUR, IankCipetdritit 4l

?e_s erein, the term"lamnar flow' neans snooth, orderly novenent
J“'n which there is no turbul ence, and any given subcurrent noves

foosun par ad alsewl héredl)ytet e MRMIRY FBRCUNRESRY .smooth, orderly
movement of a fluid, in which there is no turbulence, and any given subcurrent
moves more or less in parallel with any other nearby subcurrent.

[0055] As used herein, the term “substantially” means within a reasonable
amount, but includes amounts which vary from about 0% to about 50% of the
absolute value, from about 0% to about 40%, from about 0% to about 30%, from
about 0% to about 20% or from about 0% to about 10%.

[0056] The present invention is directed to methods of analyzing samples and
collecting sample fractions. The present invention is further directed to apparatus
capable of analyzing samples and collecting sample fractions. The present
invention is even further directed to computer software suitable for use in an
apparatus or apparatus component that is capable of analyzing samples and
collecting sample fractions, wherein the computer software enables the apparatus to
perform one or more method steps as described herein.

[0057] In the chromatography industry, various types of samples are
candidates for isolation and purification by flash chromatography. In an exemplary
embodiment according to the present invention, detector signals from the sample
components trigger a fraction collector that isolates the compounds of interest from
the rest of the matrix. For proper operation, the amplitude of a component’s detector
signal must be sufficiently large for the software to discriminate between the
component’s signal and the background. In operation, the user inputs a threshold
amplitude value. Whenever the detector signal amplitude exceeds the threshold,
the fraction collector directs the peak to a collection vessel. If the component signal
amplitude is too low (below the threshold) it won'’t be collected. In many cases, the
components have sufficient quantity to generate signal amplitudes that will trigger
the fraction collector. However, for some sample types, such as in lead generation
or natural product isolation, the components are present in insufficient quantity to
trigger the fraction collectors. In those cases it's necessary to increase the detector
signal amplitude so that collection is possible.
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[ 0055] As used herein, the term"substantially" nmeans within a reasonabl e
anount, but includes anounts which vary from about 0% to about 50% of the
absol ute val ue, fromabout 0%to about 40% from about 0% to about 30% from
about 0% t g.RRRUIeR@P0 or from about 0% to about 10% [0056] The present

i nvention is directed to met hods of analyzing sanpl es and col |l ecting sanple

fract| ons. gy pr eScitadddhai] 4 bRadbah ShoffbiecbeebRzABPYEAbS SARasl e of

anal yzi ng es and sanp I onhs ent "Imvention is
even furtheppatatusc:taeablemfaoalpungrsagmfetsmapmvsmdttmlh}ve for use in an apparatus or
apparatus conponent that is capable of anal yzing sanples and coll ecting sanple
tractions, wherein the conputer software enabl es the apparatus to perform one
or nore nef.hod AedpssasAdelezinglsaddies ein. [ 005711 n the chromat ogr aphy

nd 1 | ool atfi
ur 11 ot i BR80T SR Eee At in  SreratloRbRBre Bl B o ®a8agr i ng 10
t he presentollectiegtsaomle datewtsor The gneatheds$ rorbrartahemgaarﬂamm@mpmnemtamtal gger a
fraction Cﬂurbsgnt&rprB%ts étﬁa?&% & g%gﬁng?agggg)e(af I(R\tr erest fromthe rest of

the matrix propér opération a ‘conponent’ s detect or
signal must be sufficiently |arge for the software to discrimnate between the

conponent's si gﬂal Wivé%neﬁ MIFH'??%WITQ oBg |on the user inputs a
ELector

t hreshol d anpl itude val G€ enev S|gnal anpl i tude exceeds the
t hr eshol d, [00B8] f r actlh somecddesgtiay etibogihents lméth:esmesemt iavardibh eibeiroethoeéssel .

o 1 ComB PR S P8 S B RO ABEL A BN (v L4 0
si gnal anptiéetecdesviahat splitter t purggeor t e shuiglet ivalvecol I@rlet mxsnﬁdawvbcqu:df or sone
e CEpTRY Rl S RGPS B Rl B e PO e SR Bhhdf,
col I ect or sin IFIG hdseexanglan tlicuichectesmatograghyi rwsmeWhe:odmnees ofi) sagnal
oL e oL e B AR Ry P, SRR RN ¢ o
anal yzi ng segmplesities2y( myad@dt@eb@mtdr 1k h@dé‘coﬁfmuﬁn@étwﬁlvﬂ@] fﬁéﬁ’@ltl@ﬁzﬁ 0059] The
present | ng etrégliozn (zlv)sa ||rst%%'%ector 13 in f}uzé) ggm?nfun%gtaaé lthsecorrlgj out?et 23 of tee

12, and (v} a splitter pump 15 positioned in fluid communication with second outlet

23 of tee 12 and first detector 13.

[0061] In this exemplary system, splitter pump 15 actively controls fluid flow to

first detector 13. As used herein, the phrase “actively controls” refers to the ability of

a given splitter pump or shuttle valve to control fluid flow through a given detector

even though there may be changes in fluid flow rate in other portions of the liquid

chromatography system. Unlike “passive” flow splitters that merely split fluid flow,

the splitter pumps and shuttle valves used in the present invention control fluid flow

to at least one detector regardless of possible fluctuations in fluid flow within the

liquid chromatography system such as, for example, flow restrictions, total flow rate,

temperature, and/or solvent composition.

[0062] The step of actively controlling fluid flow to a given detector may

comprise, for example, sending an activation signal to the splitter pump or shuttle

valve to (i) activate the splitter pump or shuttle valve, (ii} deactivate the splitter pump

or shuttle valve, (iii) change one or more flow and/or pressure settings of the splitter

pump or shuttle valve, or (iv) any combination of (i) to (iii). Suitable flow and
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coll ecting sanple fractions. The nmethods of analyzing a sanple may contain a
nunber of process steps, sone of which are described below A Active Control
of Fluid Flow To A Detector [0060]In sonme exenplary enbodi nents of the present
i nventi on, pihevimbhhed of anal yzing a sanple conprises a step conprising
actively controlling fluid flowto a detector via a splitter punp or a shuttle

| t hod st
'S ehown | REEFIEY §étinds Bl A AEFROATARI S HPS SENE BRLAGh W SR BuBL oy et om
10 conpri sesshiitile yalyd pogastity (ikpriypressuraio avalve;, pr dv)tasy combinalipng ob(iftor st i nl et
21 f t . t 14
Flui o commilik chipfalring Al iaR SRR B kS ofi of 1bh plarfiit dtEbLAROAUREE PF 11, "
in fluid cermngrmadcisianalvatdigivésional, ola wirelesgsighat ee 12, and (v) a splitter

U 18 PORdeaPnod 4L Lhilld i BIEVY) AL R u&]eeem,a?ﬁrg&%y SRR e

first dete nthis exe em s tively
controls f lh.ﬂ $ie|b IoJ)wcm\@lyf ﬂ:crmnolhdgﬁlamtﬂnw tb3det9¢stout@doﬁnpnmsrusmgwa)hﬁthr pigmp" activel y

cont ot "1 1868 PRl Fofier aoBlacdadbets, MRyt SV Rntiogt it ufet hanges
in fluid ftstw ofab&vely\cmﬂtﬁlmgnmﬁd ilccwnm a)ﬂetelcmrlrmayncnlnmlseommg@smmbypgmip_t te[ner
pli

Unli k | h

s Cann- B ediFhud YRaPA GblslR, SR aTvEBaY e ightatio & Sha R EISIELR 1 b 1o

The | PoL. oluoep! oot HIGK eg’”spm?ﬁ?ff”?pfowd’immmmm ytsorh 20/ daamglises vy LI
e I QUi w | |

Loral 1 oo aRe ATt SR T N, st NG ahairst et PRES] 8Nd: op of

actively cepidtadd; ifR@tidh bkbctdromt fnofiiad Godeiurfieitoatwith iy oGmTIE2 stieel @; exanpl e,
sending an_activation signal to the splitter punp or_shuttle valve to (i)

activate t et gptectards ipdhis semewicetien %Ih@@cor(d P)’“‘ﬂé’@c‘?fltﬁﬁﬂ@ eRé setart ter punp

or shuttlepabvss pddilione8nRNELIPMNA Mid MHoBgH LENWCRNABGForR BESHH SutRebBigigs of the
splitter purrp or shuttle valve, or (iv) any conbination of (i) to (H).

Suitabl e fi®®wW4nd Docket No. VW910-01 pressure settings include, but are not
limted tOE odes) @ Vvah Vs%nﬁlé’%i'e%k&ﬂexét‘neparﬁ%'rﬁ erﬁ!s'”H Q{ tt%‘%l%esxycﬂ ‘é? 3

pressure H) air pressure to a &w | nat1 ons
(iii). Typexeinhplary shistievelve 360 @howingneﬁlGSs3 IfEeUWﬂ'fﬂ antivelyqiongebfigitie, an

Fooeat ne SIS R ST B apr 01, AL 0L 51900 0m, ool adas -
chromatography system 30 comprises chromatography column 11 shuttle valve 151
having chromatography cartridge inlet 111, fraction collector outlet 114, gas or liquid
inlet 116 and detector outlet 113; fraction collector 14 in fluid communication with
fraction collector outlet 114 of shuitle valve 151; first detector 131 in fluid
communication with detector outlet 113 of shuitle valve 151; and fluid supply 152
providing fluid to gas or liquid inlet 115 of shuttle valve 151.

[0066] In an even further exemplary embodiment of the present invention, a
method of analyzing a sample of fluid using chromatography includes the steps of
providing a first fluid of effluent from a chromatography column; providing a second
fluid to carry the sample of fluid to at least one detector; using a shuttle valve to
remove an aliquot sample of fluid from the first fluid and transfer the aliquot to the
second fluid while maintaining a continuous path of the second fluid through the
shuttle valve; using at least one detector to observe the aliquot sample of fluid; and
collecting a new sample fraction of the first fluid in a fraction collector in response to
a change in a detector response. In one exemplary embodiment, a continuous flow

14



the step of actively controlling fluid flowto detector 13 conprises using
splitter punp 15 to punp fluid fromtee 12 into detector 13. In other

exenpl ary enbodi nents, the step of actively controlling fluid flowto a

det ect or meykeE@NRABI0dE USing a splitter punp to pull fluid through a detector.
Such a systemconfiguration is shown in FIG 2. [0064]FI G 2 depicts exenplary
liquid chr t ee 12
naving 17 BT, aing Ay ASHIhRTLE e SR, 9850 f ARRAAS ARGY v L ehole

col | ect or o# fluid fi§ uietnaveemtramc she dirstwifltid. f | Insenaihet exewlasy eraboc!_menfu rst
detector 1 I i nd

apl i tter ponhybLEsEWRRE 6ah A8 ik dlERPRE FebhE Hueinflohfe SoaprC

second out Valve 2 ﬂfalrttéleeqzvhepot)ea]Iqwt%m!@eﬁlusé@ mﬂdrwn gibtingt fheidt s, a
shuttle va huttl e val ve 151 shown in FIGS. 3A-3Cis
used to ac%ﬁ@glégggﬁgﬁ%ﬁéﬁﬁﬁ @5¥W§m1to a detector such as detector 131. As
shown in F[Q@67BA, eXem@piothey exemplagy emb@dmetr@mgpww@yt@ttbmmaabmehm

ol ot 117, Rrnp? ok Baing SR ? ot il s onpet o cBrephl R AT B ol et o

out | et 113prowmm aofnfst:ﬂwrietzmmnsm the sampI@ cisimgua istattie omlve tch rdmenst aon

col | ector t o] t f 1 d
comuni cat Iﬁf(ﬁ]do? %ﬁet éfcﬁlgta t(gu et 1@3115%”5%{@%%@%% %ng ﬁf}eétfﬁ I"{’}I"d suppl y
152 provi dpregeftlesiof the fgatdiuig trough the shustle valgeiotsinghat teast one \dete@m to[ 0066] I n
an even fu i t. -af t od of
anal yzi ng gﬁ%ﬁ%ﬁ#gﬁ@ B%g(?r{gﬁgﬁrngn%ﬁlgglr Tﬁ)ﬁ/g‘lnr?gh{l;)d%s Jt;tﬁg‘ %f?[(gg‘sﬁt(%f

provi di ng aréamgn 4 |fmcﬂormfcoée¢wwmresnooae dochrcbaago dr a#bHWSidInmﬂetepMVl ding a
second fl uj a S|ng a
huttl e va|TROREy Ing folCoPRERIE Rl trdlih b Bk ol MG BEREELERAINT

transfer tiseniggn guettotibe tfings fiwt@ﬁth pr gh@nnﬂhIbB@gnmhﬁmt!ﬁIlm@%arwrﬁtia@Idus pat h

of the sec 50 h/e€ i I ector to
observe thg‘mgfqﬂ gfo%arssg M é%?ltﬁg% andﬁgélfﬁ %pé%a&ag é‘rﬁﬁ&d; :}Q%tl on of
the first Dneaisleremf @effﬂratflhlldrihmllghetbecﬂhuﬁw v@g@memf,csubswnaai ecarﬁt@tdet ect or
response. 0 Wp910- 01
patﬁ of t heﬁ]?/??g{t&ﬁgl%ag%r ougﬁﬂv Eﬁ%%aﬁut tﬁ' Qﬁdtﬁ&o%rﬁ& !Qeyn?'ﬁlgﬁég@te eplet he

al i quot safipw eatefof theufigt flgidraaphe gubstaniallieonstast thfaughdhe shudiaoalver lexenpl ary
enbodi ment , Qltn'a I@Bﬁ?%glﬁg’? BAbBGinfnt bé’g@\lé]ﬂ&eﬂtfl rsSE il zls'I:I”tISi cﬁﬂﬂpﬁ@@h ond fluid

throughthe utt e va e nai nt ai'ne le o luid is
renoved freampleef fluidsfrorn thg maﬂﬁjvalvamr@rdeé@pt@r@)t ITéwesf@awsfcthﬁ Isetend 1WO67] I n

anot her ex \/ t hod of
anal yoi ng TR HeRTRRS VG Ry ity MnREFERE o 1B RephO RuicThdlh,

provi di ng @r tharyel ﬂletﬂgdsuhﬁﬁ@”ﬂiaﬁy igeaner siaighiethrougmegt teashat porgonalf et o renove
an al i quot I f f t l4

't octing Ve b aB ety B, MWeebressifbidhe Rekbnd Yol RUIGANY . i ng
at | east oﬁwt&%w@l@e@ sulkstamiady wenstast amd/qmbtdogarmpt euhﬁtaﬁtlajvmcr@am cdhl ecting a
new sanpl e, i h t rac r sponse to
a change i nﬁ%?&rlt eegg?ﬁj)ar;% %g@ﬁoern?r@?orﬂrgsmg rﬁtﬁ] & FHOW o?%ieﬁ#@rst'a %I d

t hr ough t heubstantiallecengtand thraygihthes eyalval | y Iam nar, due to the first fluid
path or ch bei fgsgU I t: st a
portion of @'ﬁﬁgﬂ val ve ? %W&%Fﬂé[r%gg(é%ﬁﬁ{leq’ragf%ﬁég’hg%%hg[ %Egpmrbg{sigj:ueﬁg of the
first flui uperhteewgﬂmrt a@u@hdrquide:w«am‘@grwmmsmstegub&& amvraln EAGcéBssIamttle and/or it

are of tniid 181 PripfgREh iiteubBrdiBh AT FETRRAFRHIRE thi bl 11 0

val ve. | n faomad bﬂnnﬂmgxep!&xeﬂpﬁn&r(p ge,n(mhdnrrelm) io ahstéemaiﬂveﬂlan eniiscamting i zed to

The 11 ow Rt AisianiP e 11 HeGiith SPIRe SO o 151 Dieh g ete JubERGR: ol 1y

| am nar duorhCsHuft®: 8810918 1ftbua trapadrh collectibanegl, faaitiog cdub&ioantd)aghy ok i near or
straight thro Ecgg%thé_léea t a portion of the valve. | exe Iar enbodi nent ,

n an
the pressut® e¥9iIcH PIYId8St S (e~ t 3k iKRESN. eftgal Yeliq dsfﬁtgst antially
constant and/or it does not substantially increase. In another exenplary
enbodi ment, the flow rate of the seconqgfluid may be substantially constant
t hr ough the shuttl e val ve.



[ 0068] FI GS. 3B-30 depict how a shuttle valve in one exenplary enbodi nent
operates within a given liquid chromatography system As shown in FIG 3B,
shuttl e val ve 151 conprises chromatography cartridge inlet 111, which provides
fluid flowpd koM el Omat ography colum (e.g., colum 11) to shuttle valve

151; an incom ng sanple aliquot volunme 116; fraction collector outlet 114,

whi ch provi m/fron1sh fraction collection
(o g i raaloipd by frrbpls AR ghaufe Yyt Fat thiadnd s A @O LRIV G es "gas
(age air, mirrageoeteetoe optler113, cwnuch bmvgies fruid iR dket shut¥8aM0151atccghol ) 1 ow
t hr ough a portjon of .shut - thi val ve 1E@SPfUthing sanpl e aliquot volume 117;

and det ect BP1CGHf (@8- 9¢CIRABLSUEh AR & uid flow fromshuttle valve 151 to a

detector (pogg] det egtflid igds tFuGdh ssuttle FWDN 61 FORE& rOmatdgrashyf daraigé hr ough
shuttle valve 151 from chronat ography carriage to inlet 111 to fraction

col | ect or Buinfeit1111te fraciep molgrtanayiad 1M eemingosamrle Aliguptsvalyme dd6yist h a
speci fic valdigitoh d Ebb’ih@ Véﬁh‘%’éﬁQJl%%fwé@t&he@ﬁ ﬁ%ﬁe%hhﬁ&oﬁ SJ{%ﬁO\KIﬁhown as

the shaded area in esired tinme, shuttle valve 151 transfers

sanpl e al i azdlhe Bhadeg talﬁi?aﬂﬂ FGnBBY JAnpldesied dnss shuttienvalve 451 rifaﬂstﬁjs goi ng
sanpl e ali gé’rﬂ%t gH@ﬁthtrﬁﬁ |r§:|8 bﬁlﬂﬁl&%hgﬁ&m@ﬁ%ﬁ@'ﬂ%%u oir@'ﬁ%ﬂ@t 8 is

transferre ut gol ng sanp uot v as or oW ng
from i nl et aligu®t Nhlummbas@pwg lsﬁﬁl 8Cal Dqg@ﬁamlmalmuplﬂs iatrgpefetred sanpl e

al i quot 11?’1 6 8ut gﬁ%g%%ﬁ'ﬁjlelgf?qu%?v&umeaﬂ m?ég‘%r f(drﬁd ﬂ&k‘ﬁ x%rm i 'ﬁ% tﬂﬂ:ﬁ

[0070]Shutt rogra nple a
sanpl e ali qmtgblng]ﬁ)npﬂe ahqmtsmmnh@11E'brtrahsmmpmmplecallqmt mto dﬂtectdeﬂatt or at a

desired sapplin uen enpl ary enbodi nent, the sanpling

frequency &g a?gﬁiggﬁ é%ﬂ%?rmgﬁfaﬁ€t every 10 seconds (or at least 1 sanple

al i quot eviOyop sec®hdttle ealvatishemay be smgpalramauitqu@tnowea ysa&p%amum or at
econds ver 5 seconds,

or at |eaclBt sampRelaPL il e SonTe JBE BRI oy Jaf e SRt ot an

exenpl ary Qéumfeij's%nmhg@feQuerﬁdw |nroﬂ§@ﬂémpravp@mb@ﬁnnwmﬂ thevarn nrtgof[eécﬁteﬁla y W t1 gll n a
tle val yve

gi ven i quj aph

Somori o ettt o able Y it 1P SPEEnaE B airash ! SATRIE ARMGEVEN § ow T om a
chr omslt ogrmlyadtgodﬁﬁfmteéﬂ 19?£i1mp|@|13ﬁgvotléﬁer3i 8 seboidd, @rwalea@} 1Eshmtp¢é1arm©lt ﬂg
connecting in 0 Qu an inc n al i quot .vo in
oL e 1 1 Gevsly Bsekanes. B daite ot Bler R Pr R ORI Tt 1 SIS AU o oui s
fluid flomeﬁy?unaﬂmbhﬂg valve 151 to a fraction collection (e g., fraction

col | ection - gas id inlet 115, whi rovid

it ogen. BBES On Fig: 0 geeicid sieainly shvBiAR abqﬁ@ﬁéﬂtt"%@”(‘)% bve 151
out goi ng saitPhéw i dptistes Within gil a8 nqa;ddjhfmh@toép’h@hy@bﬁ@melAslerﬂwﬁpmrraetI ng inlet
115 to outl et 1%3 aqg de{ector outlet, 113, which i des f|UId flom/from

shuttle val% £841EoVaVe et ¥ 1OMRATESy. ChrgBRiRSERY1 SIS FES T TELYBD [ 0072] As
fluid flowsroliaesal fodrbiea ¥RlovfatdGraphy EAUMRAM @RI QUIARAY) FRERUHIE0Rve

151; channel 117 connecting inlet 111 to outlet 114; an incoming sample aliquot
volume 118 in dimple 116 of dynamic body 119; fraction collector outlet 114, which
provides fiuid flow from shuttie valve 151 to a fraction collection (e.g., fraction
collection 14); gas or liquid inlet 115, which provides gas (e.g., air, nitrogen, etc.) or
liquid (e.g., an alcohol) flow through shutile valve 151; outgoing sample aliquot
volume 118 in dimple 116; channel 120 connecting inlet 115 to outlet 113; and
detector outlet 113, which provides fiuid flow from shutile valve 151 to a detector
(e.q., detector 131, such as a ELSD).

[0072] As fluid flows through shuttle valve 151 from chromatography cartridge
to inlet 111 to fraction collector outlet 114 via channel 117, incoming sample aliquot
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toinlet 111 to fraction collector outlet 114 via channel 117, incom ng sanple
aliquot Docket No. WP91 0-01 volunme 118 in dinple 116 is filled with a
specific volunme of fluid referred to herein as sanple aliquot 118 (shown as

t he shadedpakea. waaiokl G 10A), At a desired tine, shuttle valve 151 transfers
sanple aliquot 118 wthin dinple 116 taken from channel 117 to channel 120 by
rotating t 0gufielecin bifip Fe”|1%yé‘ﬁméfw?r?§3épéélﬁcV?Iﬁnﬁ'dﬁlhﬁi el 8 heRsth Bs121. - (nce
sanple aliquot 118 1s transterred I nto channe gas or liquid flowing from
i nl et 115 samplegdliatehi 8| (shown es dhe poaded §a€?ﬁplféF5$|1:ﬂA)t At 8 desirgéttiend,or 131
(e.qg. r ttle

val ve of tE‘lﬂﬁﬁ)% gé’é’%tﬁ?ﬁ%@%@?%%%é %“é g’[t1ﬁ\ﬁ%m'ﬁld"ﬁ@??ghg%%ngﬁmh?ﬂ?@ﬁychannel S
t hr ough thémab\mﬂannei 020 by rotating rthen dirpleat kpiire siyoamid hodyhd1€ visoaiBgr aphy

Zgigrerg]l i tsﬂgoégex)%%v‘ff%tc;@ﬂ%gb 'ﬁ%agéﬂ% § aii%L}Ota{% %ég‘rﬁsﬁer@eﬁgﬁ*"c&%@e' ‘hgizsggucc“ that no

mat t er whatiquidsiotvirgniromenigy fagitierobgld \chddrdel i 120i tnansipbes fshmpld hhrqmgmshut tle

val ve 151 i,s, cont.i us 10B) shgwn in FIG 10 at | east
e ion bRefRR ARG SRR e dhuberdh o8 1S RO Adbalthlt e 120" ey
]lge S EbSt anthatié y/apleaﬂahe quresynt rvehtgre rdiatas , r‘go \Mrs]a ﬂhudrcectws?ﬁm dfuhbwhanesls anfl

urther m SS ncrease,tnro the . v \) n a itio at east a
Lot ren of eudithaRRRRS i Sl &6 SR Proka et e el rap Rioaihb T 120 ooy
be subst antHealidw tnmughlcﬂanhelsmmbﬂd PO wheontinosid. gTalssiswaddanilishethbgh furt her

limts turpul ent flow and increase | ssur in the valve. This includes
those. cont (eI Pa@einh” a6 160 T FeNcaedy §RESuth bamomate e 2058081 or o

than 50 psine Wr%lfn‘ﬁéfﬁéw net [swarméh@ntﬁl%ugﬁlshumr@azw QB?T‘@fébb{t:ﬁUbhsf‘(ﬁée than 20
psi, and even rmrequ erabl%onot nore than 10 3, 2, or 1

psi . Di npl 8havisin BIG. JOBY e dsishowndn dyAatAd aﬁd%ﬁﬁt @1@"%@1’601{ t§\e|5ﬁmlqjﬁtéeam

conmmuni cat 4Ryt f d maHNe d h th the
static bodgﬁfgg ﬁ?e?g% (Rﬁv\ﬁ:et&]c S rBﬁ’rg %am cpt;%g bhay bﬂ'él séu?ﬁﬁgﬂél!y?E@H%B\grtl on, the
di mpl e 116CHguUMfetsatialy V\fﬂ'Qﬁ‘i Eﬁd@@ﬁﬁrﬂﬂb@am%ﬁnwf@ﬁh&rﬁémmw erespvi@aCGRSANel 117,

and when CO t

conmmuni cat | o&%?ﬁaﬁaﬁ% dlg?a edc%?o%lp gffréggtt# gfﬁwqu%égmw étge%‘u F%Jﬁle I1may be of
any shape &ud detecths sirea@dchanngl wﬁw@%@#ﬁﬁ@ﬁiﬁ& parafieldioi dlmﬁ’@ﬁ Hewbenany si ze.
In an exe I | (e.0.,

| ess t hanng%girg mgﬁ&?@?a%lfmﬁ%g's htgFl 33’?""%%“1%%53 ik p g?gr%%ﬁ | ess

t han aboutthlaomhrﬂ_ Thisdnelvdes thnse qmné@l@aamwthaésig mqiampramjpreﬁsm Wlth:blmt may

i ncl ude an & i :0 ng. In
addi tion, % Sx{a]%%dlf rﬂfﬂellf% SI 260&% E%QI \g?hg)%g{rajn ét an?é‘r;g#egerrﬁo aOEton pat h
121, whi chm@regmanuzﬁhmu gnd emrté@r@a\eeaferahlytrm meﬁmwcﬂ & Heb6d§.ard, @, Docket
Nei. V8910, Qdy n LC: i e t tle valve
151 having r(e)>]<1t %ngedéinzrlél g1eé Ihlgf @I’%Epo'r“gﬂﬁ%%éﬁ‘z‘%c"g’d sﬁgeqaa}dr e%dq?zmg&, nor e
than 10 m cammnnwgzttdﬁrewhrﬂee rbamsmﬂjhe dcyeamﬂiceb@dyr thiat &) corfiigeous withi¢te statiot ary

notion shu : val ves,
or their e%éu va ‘%%n!ﬁ@ \ﬂﬁ (Iﬂ'on;?g-'dg Jr![)é\'ssgsent ?/{(;Brﬁ' :ﬂ%pnq'ﬁ%%fsmt tle
val ve 151 wi\bebn ﬂprdagnranmda’mam wmmesammmatnéma:ham&jﬂweargi wheramplved al | quot
118) from | e for.transpor at Iea ne det ect.or a desired

sanpl | ng 1 Peaeney P BB eRla L A Al BomivhRalh rith o FERHERC, 1 s a
| east 1 sasipdaen @hamtmmverryekmnplecm&im@ctre at ahpshapd banplepicted ggoa every 5
seconds, or_ at |east F3¥_§esa cﬁ uot everé 3,seconds, or a Ieas% ésanple
al i quot evERFaYe SEITY RRfEreGaNg it OnAMEige LVar fXenBlalkeBhadment e | east 1

sanpl edal ldimiﬂle feg e &gtrbmcl omei In stén §g$ hagistthen \'eab@rﬂuz %rgf%l%%lb%ssdﬁér@ri bed in
coperidi ng rqvi si ona ent a at | : ntire

subj ect  mopaet 59 fhieers WeltaR fkssnen Seb 0 B ABH GHERAROIGRIGEITH anot her
exenpl ary I@g@ﬁfhnnﬁﬁlbj;t 1Lm_!,?b;©E &giy isendé amﬁ blzoifebm Hntl mdaom@ n9) which @llbslui ds alnd
various g utjli |ntecro tQ stemtoc ry a sanple
o o ot Sob A agHuRing |adfian, Small GHEPEATE Ao TS O 2 FURtOGRI y 150
enters t hergidtivhtpLh wehvamfb%@w:ddﬁln?treéﬂe‘éswmrr%d theLelaBed!Bf SRMrAMAE | quot 118
(shown in FIG 10A) and then proceeds via outlet 113 to detector 131. The
sanpl e aliquot should not precipitate ifp the carrier fluid of the valve or the
associ at ed pl unbi ng may becone bl ocked, or the sanple will coat the walls of
the flow path and sone or all of the sanple will not reach the detector.

Sanpl e conposition in flash chromatography is very diverse, covering a |arge
spect r um of chem cal corrpounds i ncI ud| ng | nor ganl c nol ecul es, or ganic

I T 1 P I . L L L I I | 1 D [ 1. P P Y B PR [ T -




Docket Nic:L WP910-01 All the above suggests the carrier fluid should be
custom zed each tine the separation solvents change. This is tinme consum ng
and inpractical. According to an exernplary enbodi mrent of the present

i nvent i on, by Negve8elvent s that are miscible with organic solvents and water,
vol atil e, and non-chromaphoric, averts this problem For exanple, a volatile,

non- chr omapbey 119 ardltienatpnd Btﬁd)H/ZEQIhd/mUlts Bug bhiattle ualoenewbvmbceafmheﬂl PA), may
be used as the carri e with al solvents, is

A
e oy or osttge| 116 heTare BRI el BT R Ova ) BREA HEN Thdnfien SYaR Aey apor at od

at lowte @gsmlelrbesorelaena@b;l tEwm thoB4h & ssary rection dHuBRA VAR B d@bictellgni cal s and
chem cal c¢ ses F E is thus a suitable carrier fluid for virtual ltﬁga”

sanpl e typ matiop shiiye Vaaesi didheln gauvdlentnBay ke srapigyed Bithanol
prnpanol , by,te@g@tlmvérﬁi@hut anol , tetrahydr ofuran, and the like.In an alter nati ve

exenpl ary enbodl ment é be utilized as the carrier fluid. Sanple
preci pi t at IA43] s notsrté‘ﬁl?ol’f'r‘ﬁ’%r" d HaY Rfs BIAgRMIZHPPEMAYE] hSample ﬁléq%par ation

sol vent, ofy yDBAMBICPARSST 114} Ritath &mp@hule Erbﬁ’sdﬁﬂ féeat%éjst%htés@éﬂé%ﬁ hiat hrough

t he det ect or. Likew se, the 'separation solvent bil e phase, never m xes
with anot heesikglsaanling freaiieraybilniong exsmplry ﬁwbpg@lﬁéﬂ t%éé@@@ﬁh@ﬁ%ﬁvl er is a
gas, vol at jgl At|¥adtS %bl@rﬂiﬁﬁo@é\/érﬁqﬂesecbﬁdsaﬂﬂ'ét'Eé%ﬂei T%pl@%ﬁé@o‘% ey 5

non- chromaphoric and conmpatib detecti1on. When using gas as the
carrier, tse:ogaﬁmreatdeasjubﬁarmms Ei"ﬂupts%\(ﬁé!deSreﬁﬁwﬂié’f@élGiﬂé’f 1zanple elgiadet ect or
131 as di Sl @ sHobiads, DRI AUNENC IRk B (I8 SoRRE o Sar 1eabt Ao I FI G 10C
Using gas as the carrier fluid has ot her advant ages. For exanpl e Wnen used
with an evaysy £1.\88cPneft s thist Kt vakie ds tiarhesr degaibed detcapendngtd&hni que
where the En%m.%lo%al Ea@ﬁpﬂbbl%ﬁﬁ'@n Naeagmormm B bsRE suBjekf ﬁf&%@%f whieh i§ampl e and
nebulize the sanple, elimnating the need for a separate nebulizer gas supply.
I'n addi t i oWcomperHed BeigisbyiteierenéR. requi re evaporation, ambient drift tube

tenperaturmm]ay bewsa@\%tr%rléaéa%mrpgeﬁ&asu.ﬁ%%@ @imoeréau Eémbwﬂ@.dhqaézﬁa.ﬁ A
broader range of sanples may be defected because those that woul evaporate at

hi gher t enyrdatde lipwigs \ﬁnmvaﬁe\# 98385, iMayt e utiired dn éﬂe Phramaép@@mkssﬁem ey pass
through theyfdra Ehmpkb8 a é‘?]ﬂéétbr ehy sﬁ&wﬂ%ﬁﬁ? :iﬁiXhéJEarHéremu@?r h-hﬁu&%ﬁﬁgﬂﬁr gas

including air, nitrogen, helium drogen and car bon di oxi e Supercritical

fluids nmayl®® §6’feﬁ‘ethﬁs@dﬂﬂ%M@'Meé§1satp@ﬁ9§ﬂ15|Wi’@|f‘e #argenupisanpgealimoDd1&ct i on of
3 Sample QEBARSH I {dHy bt FbhiofbcBkheam oRRe s etk 431, HARIETHe et hods
of the preSent inventio er conprise using at |east one detector to
det ect onealiguoinsheuld angs Bfecwlt@’@nélntf@ eirrier Muid of dihel vetveeamtheSabsaedidted det ect or s
for use in i ncl ude,
but ar e napU g ey efothoBRGRSY 26 Mo SRRETI Chof FWBIEAARE thRIEMLAR Sut tabi
det ect ors $0we¢ gdall obthe sampieovill Inotireanh the denmmrde%amuletqonw@émon dlash (i .

O, R cononererdly §RY Beete, AR X, i SEERLR Mol Tk e sich s

pol ori et ripcluding indrganic Keoleenes, arrgatie maleauilase palymess, areptides, eproteunet acd ors t hat
consunme or e r article
et oot or o PEBBfAieddd” SHIRHR, i eBLS RoRETLD By BBy AR RRA e WEo P
condensat | gassescdfecompounds g hidetectar compatbitiytalea cerstadeBB) types of cartier ona

di schar ge,; t Y, xanpl e,
the appar A4S Fiet ARG e TR Yrork e 3500 RId hon P Slent biSd BEpoBiR ot o7
at | east ocrmoreaalmntaatl the detagtion waeleegihnfcul@wepmrehve( Eu80p, dedactiondEPDpne mass
spectronet : (S e n ri ng

det ect or (%HI'_@%@S a(? LFE& NIG%Q clglrgg%a Lﬂ% fog%eﬁgréﬁm Itze;:%éSﬁ

refracti veevapdestediat edempel(aRIre))wellahelm\em sameiefsl rnelrtteg peinte Indadditororthe FD) at

| east one &al?hérariwa’@ﬁ&% e rfw%@?oe %&h §ém§féefjo%¢i§gfbéﬁ%%ﬂ%n§%; 9%18?? (ED)
(e.g., anperometric Or cou I‘IC ectors), any “conbi nati on ereof. In
one exenpl ardytrenmbactiomecdllgctoh@utet €b4. orFonrrmy(amlqan'ﬁ bexaneds arseduneonevigyor at | ve

mon- chr o bl 2k ve vl e it o]t ¥88a e i A RER W P

enbodi ment, a non-destructive detector may be conbined with a destructive
det ect or, mhich enabl es detection of vdgi ous conmpound specific properties of
the sanple, such as, for exanple, the chem cal entity, chem cal structure,
nol ecul ar wel obt, etc., associated with each chromatographi c peak. Wen
conbined with nass spectroneter detection, the fraction's chem cal structure
and/or nDIecuIar melght may be determ ned at the tinme of detectlon

I | - P r a4 o . r 2 . D - | Y o T 1 . D a4 R T 2 .



or nore conponents (e.g., a fraction collector, another detector, a splitter
punp, a shuttle valve, or a tee) within a I|qU| d chromat ogr aphy system as
descri bed herein. Docket No, WY910 01 Typically, a change in a given detector
response t pecggrerwsstoe generati on and sending of a signal. In the present
invention, a change in a given detector response that mght trigger the

generati OnAﬂnfﬂwesﬁﬂékl'é“ng@esis Sth@N@drriéO flQide sR6uldDEE efPareteach NEhedes, but is
not limted to, a ch anrge in a detector response val ue, reachi nggﬁr exceedi ng a

threshol d @BRBHQ SPIuaYs fhanga FBiS is ligleppRnseminG andiSpiastial  ASPUAYE W0al ue over

time, a thapshempls) erbodimdmef dad Sl‘é%@lﬁt |h@§rﬁ|@ﬁ5@sW@b@l@eﬁt&Qtﬁaﬂdrgﬁnﬁcﬁbléhange in
a sl ope of the det, ector resaonse ﬂ%{,’e over tinme, a threshold chanpe in a

sl ope of t MEDPEGNG 30Iverts BBH v@terayQlatigand 'ﬂqwromapaﬂsp SR B P8RS her eof .

[0077] I n_seqp e,aeaerrﬁmé apy verhiedi ignétomaplortd MhédiurdhberRLOGORBAY SMht @g of the
present invention l'ﬂ"?ﬁs at | east, two detlt%}{ors .Shown in FI G

4,
Exenpl ary SCRARY! ﬁlﬁ‘? r BpnPediped &g the can L“F'n s MscRiepih glrgost’

chromat ogr aphsohvettsl e rbh-cHré@apiRontaut @@mﬁﬂdnsw ﬂb@btl&i,wafvbreﬁ@tr@utahetEZZ and
second outl et 23; fraction collector 14 in fluid comunication with first

outlet 22 8RSiyeVaporated atlovgiemperairess InadditiondRA Hisseivenitsradyangeicond

outlet 23 gherhRalslatid sidrhithlediagiedp (A |§Qhué/§|sﬁt||t§@|@tda@ﬂlérlfmﬁi fdrwirthalll @ to first
detector 13 from second O tIet 23 12 second detector 16 in fluid

f a
conmuni cat PAAPE t¥Pe8ecorfd %tcﬁ‘ﬁteergJ“?ﬁ &k "1in @@?W@\héﬁett‘@\%"oﬁ’}?@ b

detectors pfpanbeIRMnol! bltael, Otctrah QdrefeaH, aﬁﬁ‘d’ tﬁMSNI@“ AROxh dRerilkEe anal ysis
options to an operator For exanple, 1n exenp i qui d chromat ography system

40 shown i BxeRplay embadiment & @Sampyi R l&"@%ﬁ% %W%?fpﬁwge DAPRB o
sendi ng ongre.@rpnaﬁcsre i$ inghanzofifiterad béééus@eﬂ@0§ﬁhplb3rdr\¢atﬁs in aﬁe Fs‘eﬁ@bata@ﬁd/ or

second det ect or pt i absor bance detector such
det ect or) fs?JV?’?ta@f |”5ﬁ’"gcﬂha§€{&’ M%WQ% valye fanglcsy ﬁq%‘?ﬂﬂWéEf%‘lghltﬁeto

collect a Bél‘@cﬁ)@”pl_i@e\fvfsécﬁhé)%epﬂhﬁo@%hﬁynt gy mcﬁjngr@{a%ef maved hieds dephector 13
and/ or second detector rise a :chg6§ﬁ¥ gnal, fromflrst detector 13

or second 88?88k V%SOWBC'B%M%F‘ tan i§Rde & GTI§fd? 8 9p8r VOlAiliY8 second

det ect or 1fg |dHgeRaf G§ERBSI |k %dﬁltl@ﬁalhwofslrgt{!?sé‘s afd neietROhphdac §ﬁ§| 05%9{"5!9 det ector
16. In exenpl a\ggl i qui d chromat ography system 40 shown in FIG 4, the method

of anal yzi W§h &\sdeisonaVhenrysing: 9zsoap thesearders ihepsasmple &liauoid 18 ‘§|'~°@H8¢ from

second det ggfOthe MaMeO15Pld fHeCletBttBP13P asniddretet dgs SR dwidid PstiBed Fak O
initiate or stop fluid flowto first detector 13 in response to second

det ect or 1Bo¥k&tedeBnep shewrpheF&onP¥nentsing gas pai e seardamfluid oo piher ot her
exenpl ary saROJERN! Sor e%:@?ndié Oihéh GEEORRA %Wéi%BkSra?Métth‘ﬂ égaﬂbﬁﬁ‘? RERBRA

i nvention COITRI’I ses at east two detectors an Itter punps as

shown in FPpther detretigs t@plymﬂu@mmarecwﬁ@m%rsmwilg%ttmwr@mwseﬁ to

transport the sample and nebulize the sample, eliminating the need for a separate
nebulizer gas supply. In addition, because gas does not require evaporation,
ambient drift tube temperatures may be used eliminating the need for drift tube
heaters. A broader range of samples may be detected because those that would
evaporate at higher temperatures will now stay in the solid or liquid state as they
pass through the drift tube. A variety of gasses may be used as the carrier gas
including air, nitrogen, helium, hydrogen and carbon dioxide. Supercritical fluids may
also be used, such as supercritical carbon dioxide.

B. Detection of a Sample Component Within a Fluid Stream
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Docket N. FIG 5 conprises chromatography colum 11; first tee 12 having first
inlet 21, first outlet 22 and second outlet 23; first detector 13 in fluid
comuni cation with second outlet 23 of first tee 12; first splitter punp 15
actively conte®wdgg: fluid flowto first detector 13 from second outlet 23 of
first tee 12; second tee 18 having first inlet 31, first outlet 32 and second

out | et 33, [4RPNI dORRCHRINGH dnb oA SrEAIRRbS e Rurtht BasBpandsfidhet 33 of

second tee T secon active 'ow to
second det éxasbﬁne_eefecmteeietﬂw ooatdremore$amlese@mpmaré@mmaln faﬂdldfatraem on

|1 f 18.
fgosgftAgr d%gg%%%edﬁécgovewecﬁlt I qui dem é]r on@f‘gﬁg agﬁg %’S %isrrg)ff otﬁgﬁﬁggeprbggent
i nventi on nagnidamipeiuge, nere nohlisnitedstounen- éestalcve@anwom_i@atwcme detectors. nor e
Leel Spl 1L LA RABENAERARS oL aRE hbt Bhed 901 hal-abeiHidhd [ iedidisd o) 2aST One

detector as exe exenpl ar i qui d
chr omat ogr dpﬂeytogqlmn!omt conwm@esdeﬂmmﬁe@grrmqurm detactibn) se¢tuas UY,val ve 151

or | quta PeRaLaBRY, fLicchee, It Shabhiny. Qe il ooy pnd e e, 111, 32
clzgrlmpm ??L g@owdehtrmmwtetdejactotsl (iect deteciard twat mswﬁesofudesstr@nﬂaev@mpieletl gclzt or

flui hnsupppgm%gg%%@ﬁd%% #\A gp?r%h@é@%’l %Pé@%@gﬁpp 1%? %\%gé%tjwﬁge val ve

151, and skwdrmatﬂ@tr@cdeiectmesl(ﬁwmgmrwe@eavmnmmat@n light bcatiering detectus | et 113

Ohr omat ogr 'ﬁlygs /st ein [}%%Ql&é&ﬁgé; rrg%&on%t 'Caédéfhﬂt%hi 92? Weuttie

chr omat ogr conpris ograp
val ve 151 hkevi her Wmi&tmgrwlasatuapt mectgeSdarmle\tenllm& mayr:actherat tesist eoeor out | et

it o Commo At ot bhe ARBoASHe Al sealend acepior [E48D), SFYER! Bhe PG "
suppl y 152mass\dngicligmetali @) ajalsast ohe geindensdtion nadeatfons hghtt seateding e 151
ol 1 ect or Seiefiof TEsDl -a ikt BORIR ARRRR deRld: B0Bab bt rdfing *Cecong
det ect or 1gdex rdeteqtmrd(FHanheaattmmfluprteacemeed@tectoomffﬂ))etat1e&tcﬁnesdwad| e val ve

171, flui ddét\algta* Xcb Zatpfe%¥ ﬁh@%léét%ﬂer‘}w%ﬁﬁﬁétgﬁlfor n(r‘ETg!r-): @ adt ”éﬁbw et tfmatfd gphuttle

val ve 171; ract’ on co ect or ractlon
col | ect or outlonsetriczietemtorshartany opaibiration thereol gl one examplaw emipddiment,

et mocor e JBGERY B SHNAARY i1 g SRRABKERMSH B8R KDY 2
which allows the use of chromaphoric and non-chromaphoric solvents as the mobile
phase. In a further exemplary embodiment, a non-destructive detector may be
combined with a destructive detector, which enables detection of various compound
specific properties of the sample, such as, for example, the chemical entity,
chemical structure, molecular weight, etc., associated with each chromatographic
peak. When combined with mass spectrometer detection, the fraction's chemical
structure and/or molecular weight may be determined at the time of detection,
streamlining identification of the desired fraction. In current systems the fraction's
chemical identity and structure must be determined by cumbersome past-separation
techniques.

[0076] Regardless of the type of detector used, a given detector provides one
or more detector responses that may be used to generate and send a signal to one
or more components (e.g., a fraction collector, another detector, a splitter pump, a
shuttle valve, or a tee) within a liquid chromatography system as described herein.
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conprise a step of actively controlling fluid now to second detector 16 (or
second Docket No- W9910, 01 detector 161) via second splitter punp 17 (or
second shuttle valve 171), as well as actively controlling fluid flowto first
det ect or 1BockeNo. ido#08f detector 131) via first splitter punp 15(or first
shuttl e valve 151). Although not shown in FIG 5, it should be understood that
first split Y/ ed within
exenpl ary P@E?I h&%{‘%é&ﬁﬁ%%ﬁ%@?}é?@?&%&%ﬁ% f@;th% se %)értieﬁaﬁﬁ%tfem[ﬁg t hr ough
first det e@i @rSIQ®|aHG fb%@dﬁﬁﬁnﬂdm@étl@?. a.l_shalwp@c@|9M@|nydet13@©88?8|pﬁn%@)iﬂ‘mtexerrpl ary

embodi ment &n%rﬁr%ﬁ% Stﬂg q‘en% tioﬁaéncﬁgér%n’q?‘%‘?% S8 8% Bre DISHEJIPE am ?Bﬁerﬂgemre i

det ect ors, serve dete ponses and ange tector
r esponses mclutjlﬁe, but igood itwat@eltengtqheneem)esdextn@oetﬁeeomwue.pr@e@htnmor| n these
exenpl ary Qttﬁ o8 Gt &Bf F‘es' bALY VSR 86§ Ne&fypRLNat i on
W th rrultlg orspe\fsvlH hi n e p %]:“tetV ct org O?FSB% hFe Péﬁglet ectors to detect

| i ght absovaiande/ebylree,senbneeheld me |0£)|tee\mieqterng&sngnsq:aaluexe\rqm'fene.oae or nore
W det ect OEﬁar@'&’mtéesI%@gf {ne dé@é&érvr%sﬁﬁ%s%%a% E@e’?ﬂm%ﬁhﬁ%ﬂ @Sorggé i § detector

responses at re wavel eng ths across the ent nce Spectrum
[0084] I n onlepefaét’n@l@afgctneieﬁwsefva&mm\gezutln@ ar sanprrabingten therasbd corrprl ses the

step of usj [qg7En Optm%%eaéiéﬁ{pmﬁ%ﬁlb%ﬁﬁ&ﬁé’rtheﬁlglgglcﬁfon?ﬁoggpﬁﬁgﬁs S oss the

COprI’ISI Ng n sensors to observe a sanpl e at n s
entire W ﬁl@s@rmnten@él@nrmmprm eblleaﬁttiwwg detantats sahshewhr Httﬁ'l@n 4 n

response b%xérhélaﬂ/ ct‘xrﬂn'%ﬂ}'r s{éﬁr“r‘ Bo98h&%A O T BRPORSES
specific waVel’eng , % in a“conp odl te respons represent ed
by the n delurerrta@cvgramomiems 11fHee HZSMﬁrSHHﬁbtrﬂlﬂ tfirgll cutlde 22 @ndrsscontien

resent, he,.pesi el ati her. affect signal
Ito I m ng to”§¥qe|1§gtp ?%ﬁﬁ ﬁg%(? 0 ﬁ IPI@%%Oﬁ)ﬁ%{%%?B Tthafsrsgg%%?%n?fot(eg 1f&e anotg her
w flet ect ofist d@t@ﬁt&BhMﬁuudt@gkﬂrﬁjn@tmwlmmnﬁ rogﬂetm.z cgctee ehslittep@athp um r ?nge)
anal ysi s, ctr i Vi nto a esired nupber, of r es o

ey st (18 GoRRETbOYBITR I ik b JhdsiRtornlY ORGP PR AR 8 whif cant
change ove#nd beToNdicensY RGO MM gIdalisy wite sesuhdtcutied2s 6f eedgen drop in
recei ved | % energ/é ée.\g,, a drop.in both the f| rst an econd de[_ll vative of
the det ectt?% bspond¥heni¥ion morg; SRIBCIPENgE Pgy et 8‘905‘3‘% PEAPYERNY of a
subst ance gxadm 3headds morgahalysis tdptiods ttean\e@\é@t@ﬂgm &xangfe Oh dxahplggt . 10
this exerrpl(g@/ enbodi nent, the w dth of h range can be made snaller to

i ncrease pbf ghr@mat%q;rggmhgﬁt%ﬁp shay \F\h 4o BethAd ohaRRIKZINGG Sape 0- 01

may comprise a step of sending one or more signals from first detector 13 (e.g., an
ELSD) and/or second detector 16 (e.g., an optical absorbance detector such as an
UV detector) to fraction collector 14 instructing fraction collector 14 to collect a new
sample fraction. The one or more signals from first detector 13 and/or second
detector 16 may comprise a single signal from first detector 13 or second detector
16, two or more signals from first detector 13 and second detector 16, or a
composite signal from first detector 13 and second detector 16. In exemplary liquid
chromatography system 40 shown in FIG. 4, the method of analyzing a sample may
further comprise a step of sending a signal from second detector 16 to splitter pump
15 instructing splitter pump 15 to initiate or stop fluid flow to first detector 13 in
response o second detector 16 detecting a sample component in a fluid stream.

[0079] In other exemplary embodiments, the liquid chromatography system of
the present invention comprises at least two detectors and at least two splitter
pumps as shown in FIG. 5. Exempilary liquid chromatography system 50 shown in
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range can be made | arger so as to reduce the burden of cal cul ati onf ewer

cal cul ati ons per second, |less nenory required). [0086]1n other exenplary
enbodi ments, a plurality of different types of detectors may be used to
observe a waki@iwse0b1 det ect or responses and changes in the detector responses
within a given system In exenplary |liquid chromatography system 80 shown in
FIG 8, an bi i E atiye |light
Scat tori g Jo erop e Bz gais) Balih fo Tk oS UBhAMEREM TN, |

conbi nat i oAUGtt22 and sacondtadlebRd;(firskdetegiec bdin ted @@mum@tton@é@r@ﬂcanq liquid

naving 1 GRet ot R S5k e WAFpRRMILTas SLUATE SHARN 158 g frsy' o 2

col | ector ﬂidi;ecEPDS]fB)nn seddnd abitled2hoh ficshteeoh2dechng mﬂ)mj hav;ng éitst ABetd@1,t ee 12;

S L ur e PP a3t Ao BB} 3okt sBtest o gL R i ooy BB gl L 7ot "+
o e e L o L Ca A i on or
P g floh 18 Socoh SRR 16 BB S colsTo b racbR det B e ARG i ana
Sther i co! BolRBIAfIUNI SIS CORTSnican ith ge@??i“??"*‘@”ﬁ"ﬁﬁ??f’??tm o e Ve

a ¢ o Pt st i

det ect i on, [Q988! nobi 1AS PASECE APBYR prgﬂ'@{tqgr@gh%ﬁ@ $SeMAs | ong as

t he nobi | empé@t&m infay"ebRpKSe Ariel r thigre brlﬂﬁﬂéaanee inl pla@BYobends&d muré h
evaporative artlcle det ecti on. Thi s opens f%?rtunlty to |H€rove

separ at i onSe{SRIHRIgPHTREO H‘%‘P”ﬁl‘%ﬁpﬂ/" eF‘éfH'fq|\/]H'd i PhEERORG AGIERIE as t he

nobi | e phage exdfpFR¥an FIES. get eas @pewiiid FIGS, ddekpfdry m@mdcahfd?ﬁmb@bhy sanpl e
conmponents. Fractions collected based on W detection onl Xﬁrdﬁcont ain one or

more uni dePXSteMaBP e COHHALLES d%'?ﬁ?fﬂ%tpg@p@bnﬁ@\%@ﬁt 31 vhiugtle 0@ s88ViRg act i on
puri ty. CopyefsRlofantoBauCRIiNRPANN faGRARLABCERYUAE PRITELSIS! kM RRed by LV

detection and either 'sent directly to waste or collected 1 n fractions assuned
to be sarrp]"é5 an@ deepiosgutiet H frapkon coflpeionds in Byd icommunieation priigdastioni ty,

cont am nat an EPD
(og Erepy Pl P14 o kR Piver BpbsCaBRERy A1 ARRRE Co PR Elee

chr omaphor wih datgcion @uﬂeto‘ﬂﬁagfrslhotthewab@ntﬁinﬁwﬁgsuaple 1(56tm@\jtl@dg eﬁmﬂi logkbett ed,

TP ovi N9 AAEHIAN B shieRRRBUR, And 5B ASEARY 187 MBS LR ERE oot or

al one may mponent’s or "I ncorrectliy flag pure rractions

flash usermt]wdbﬂectmoe‘éet ‘Idaldfesbuthldvblvacltmons by th| n Iayer chr onmat ography to

confirm purd and rmbI act o) are,truly
b ank " hi 190BY1 2" 8" S dh G oL Serpey MRS st Rttt ae e B0 e
wor Kf | ow. ddropiselsr acnmmasogilam;oveoledmt o1®0nmmtn ghuttie t halne onmS1con@adngnt wi | |

frequently re second chr ogr aphy per | rega t he
conponent s¢ %@g’ﬂrfflpﬁ‘ Igﬁr'g}[ef)iqiﬁri @a@ﬁpo ‘5‘5\: “@ '&/ gn%g%u Bt‘?gl s 31 and
61 from dei B hAd detsctor, oLEbSID)a IFsedstetdr d81 aciig cbﬁlrﬁ@rﬁ@eﬁ@”ll Wil Yet@Bior be sent
to fraction collector 14 to initiate some activit romfraction collector 14

such as, f%ﬁ'eé%:lﬁﬁféhuﬁfswaé‘@?% flygd aUF?R%)(N@%HfHVéd'%Q Heidi 18r02s| 41 ligwid ipled

exenpl ary f{EgdiHRIK Salvé FIS’Ie§é&%ﬁ§%hﬁfﬁe%ﬁ/eoﬁfW@g‘j@l{rgﬁﬁaﬁfgbaﬁjrﬂrr@'ﬂﬁdéé and 61
from (i) detector ELSE) 13, (ii) UV detector 16, or (ili oth ELSD 13 and W
det ect or 1'G|etﬂ2&cftf¢Q§'ﬁn@Ql|$fé@'t etlet 124 ascrtliguigl inlgit %?fb‘ﬂ éetelcmoutﬁ 123;

[ 0088] Si mi r Y, ary
liquid chr%)%{a{l ggjreap sﬂsl%ﬁefmlcgg&qﬁﬁmcgﬂgﬁ E@E%E@;&C’zi Oéjrtllg féﬁbt@‘%ﬁéf rom ELSD
131 and UV Tetflegr smple?aasp\edmg\i@nq/tm@rs beligwiatinleo12y ai:smﬂewelveemwr 14 to
iiiate SARPRAGId ikt SRINRR bARnERILEG Biin Yaollr BoSol iicPYATRY ©

col lectio nment’s, in
response tsmd)hreavaiveme det ector si gnal s 311 and 611 from 0) ELSD 131 (i) wv
detector 1 r 0) ELSD 1 tor_ 1 trac n ctor 14
col l ects aﬁﬁg@osarrplhb ;“Pea?@tl oh° 61? Sﬁgﬂg%ﬁ 3(5us'%ae(ﬁéqgtbO\E;)éer}“iﬂ%r Yde OéJé or 16 (or
w dfat ect omhrdamh)ogmhf ycsysmml ssﬂﬁarﬁemaﬂ snatipedt af amw?@dammpietmaphﬁmeve a
sanple at n eci fic wavel engt saros ortion of o ntire

2beor banc e URIER aiiteR H SXBR Sy ING I SRF dheetana Sl i eetun i n
FIG 8, in response to (i) a si ngle sigwal fromeither one of ELSD 13 or W
detector 16, (ii) two or nore signals fromboth ELSD 13 and UV detector 16, or
(iii) a conposite signal conprising two or nore detector responses (i.e., up

to n detector responses) at the two or nore specific UV wavelengths (i.e., up
to n speC| fic UV vvavel engt hs), fractl on col | ect or 14 coll ects a new sanpl e
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Docket No. W99 10-0 [0090] Further, in exenplary liquid chromatography system
80, UV detector 16 nay be used to produce a detector signal (not shown) that
(1) results (i) froma single detector response froma single sensor or (ii)
fromn det g&t0b. Weesponses of 17 sensors with n being greater than 1. and (2)
is sent to at |east one of splitter punp 5, ELSD 13 and tee 12. In addition,

et ORaRekoh AAEH LR LD (6 By RCERTTR P EL D, 13

may be sen ne or nore s n etector
16. Si m | anttvely congnodinglflaidyfldw tpuiirdt détectontl 8ol daigsioe i3 B0vis fisiaplitter FI G 6,

UV det ect or 16115’{3 .he us t uc det e sSign (pot, sho that (1)

results (i ?urppo gygfsﬁ&lﬁgﬁ!%e\(ag\é)gg re?ﬂ}ﬁﬂ% Pgé%ﬁ%\"’%?’hgl% geﬁs%P”ﬁ%?i i) from
n det elctorunmpmb]gemﬁofﬁreln gzﬂilttiaorpsmw 1B aindie:islsgccgrdeaplﬁreééﬁmm h7 a-mg k&) is sent
to at least gpne of shuttle valye . 151 and EL 13. | ition, et ector

S gnal  ( moPOSHoNGR) R Al [GHid 2T LesEPnY SEIBRGY 9 AE18BU5A £ K be sent

tﬁ WV det eqligkhrdagh lﬁf%t@_@l?@ﬂ)ﬁﬁ@ﬁd%@c@mh@eté%tHB@@Sp@f:tri]\léW.d?t ector 161. h[0091]AS
osi 11 on_ ol0CHRY  cf cip NEyiBe S BPAE SERBOTGH EhOR® TG0 ORI GHSAANGE ad) ust ed
as desir eddéiacief)\Wudh £Nenelor M6 BYSUSELIBFD GRSS bbaaled! BSobdefvecyg@Bionr y |1 quid
chr onmat ograph\b/e%s%rs%rgﬂ%%, EL,S@@JE 13 i s positioned downst rearp from UV detector

16. I n suclf*R BENG5R, N GOIRRRTIEBRNSES a1 ONGIYi PPInWEVRIedles 4B108S t o

provide a gt gedcPbaricRs BEEHRINANGN AREET akempladp @imfdirténtsl. ond of irgdtal lighhat

results ('% froma Z)I ngl e det ect or reslﬁ)on@@from a si n,gl e .sensor or gl i) from
n det ect or SQESHFOMEE LeSed Ik epraBnation WEh mUuNRIe germosavEhin@Ripole Hefesiorof act i on
col l ector Aditipld 8éteb@rd Be dEIRBENGH: ia@BodhiNed B sahpler AMEkSIE WaeldAdtittet ect or 16

is also positioned to be able to provide detect or response and generate a

si gnal (noFO%WB‘e’(@eg‘?f,m%'esli’\ﬁﬁﬁ{écforﬁ%m%@%w%@ 1PiOPSEIVE YCLECQrIBFROTSES ect or
response f@dNcRasdeddhed§i@fbPFespbndds At S B PdievRfleRingrRSRPOSELHeOdntiie SENSOr S
with n bei ggq%%g%ﬂeqr than 1) for at |east one of splitter punp 15, ELSD 13 and

tee 12 so ¢ 8P&CIiM-deact i vate splitter punp 15. ELSD 13 and/or tee
12. [0092] pioshpugh met osdrogemglarys hedthet bt tarr\dgmgoadsm@te,atr@huﬁéth@d val ve may
be used in place of tee Jf2 and spljtter PU%P 16 wthin exen;PQ réi/ liquid
chronatogr%‘ﬁ’ﬂ@l”?ﬁé?%ﬁ{e@d) L5EGRN Ppliepl@bsgriyalics st ARy, SHah 38 9 &LefiYr ocess
features. tdmpriiiy & SEMbOW abs@e dVameleeat ar spklificswarsdrigtianasrod the able to
provi de a det eﬁvor response and gen raiﬁ%,m nal 61 (e.g., a signal that

resul ts 0)©Pe M \‘GaRIKRANCERREELEHr ARG SPIRTHRT £EH SRR JREIULRLBFPAE (@) from n
det ect or rgsRORE&SgP lin NanyPeBKebi Noe VOBLE:tOL responses at the n specific UV

wavelengths, or (ii) a change in a composite response represented by the n detector
responses. The n sensors and multiple detectors, when present, may be positioned
relative to one another as desired to affect signal timing to a fraction collector and/or
another system component (e.g., another UV detector).

[0085] When uiilizing whole-spectrum UV (or other spectrum range) analysis,
the spectrum may be divided into any desired number of ranges of interest (e.g.,
every 5 nm range from 200 nm to 400 nm). Any significant change over time in each
spectrum range may be monitored. A sudden drop in received light energy (e.g., a
drop in both the first and second derivative of the detector response) within a given
range may indicate the arrival of a substance that absorbs light in the given
wavelength range of interest. In this exemplary embodiment, the widith of each
range can be made smaller to increase precision; aliernatively, the width of each
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sensors with n being greater than 1) for fraction collector 14 prior to the
generation of signal 31 fromELSD 13. UV detector 16 is also positioned to be
able to provide a detector response and generate a signal (not shown) (e.g., a
si gnal thabtocteg@iyobs-0{i) froma single detector response froma single sensor
or (ii) fromn detector responses of n sensors wth n being greater than 1)

for at |eapngangarPbe amaddiidrher ¥@lasetoan@ubd by bardh 85 chleulaidn Yial eicer
deactivate the shuttle valve and/or ELSD 13. Even though systens 60, 80, and

90 refer tBAIEHaNSHRY SECORE 995N gBPREaYiEed )any destructive detector, such as

EPD, may hgpogs] | | zedn f &het RRefblal, @ﬁ'@bo@rﬂ%nt@orbﬂ%ﬁlrélﬁﬁtéfV@ﬁf@fﬁr@CtS/Qés mmy be
utilized i n pl ace of the UV detector. [0093]1n other exenpl ary éenbodi nents,

the |iqui dIeRFORRMIYrREHHTEL IR PRIATAR at“ﬁé"‘«‘ﬁr@s@?c"%@ﬁ?i‘ﬁ? #d ChygseiiRe a

non- dest r uggl &&e&ﬁﬁ?@'ﬁbﬁmmh rag?lww sPdtemDr |/ él@ﬁp@h?ﬂ]ﬁ&l@tdhv@n%b%hw s (e.
one or nore optical absorbance detectors, such detectors descrlbed

above) wi t BYSRMRE EhawRiin d e e @ofanasatiye p#‘ﬁﬁs@"%‘ﬁ@cﬁ%t%‘ﬁ@ §r @88ent in
the systemydidrane l@ﬁ?éﬂéltt@ﬁbfg asRed MENED) §.BE fild: Gﬁiéét&h@?@}s%ara@&lyorsmﬁ em

conprises two optical absorbance detect ors such as detectors, and the
met hod of eerabpaiion wthsarpl¥ deiapior dke., t9esoRd éfiﬁt@ﬁtmuéﬁhg Ex@mplarynbiawd det ect or s

Lo obser vecfoRRihni sisttnfo FRier RELE HEHEARLHP cofith 59 leciang 2 new

sanpl e fractl on ponse to ange 1n a or’' response at a
first wavehaving first plat21afirshawitpd 2R@nd seecnthduitd R3ciractionasperiscl HtERD $2cond

wavelenth i S n eq the first

ot ector ! g filia oty ReARANIR CRofd BIRE°4 B tee RAN SR RLER Ih by |

enbodi ment sonttdﬂmgfflunc‘st!ovAMEIP(Ehm harnielyV letectdrstéaintfivad tomm@quoehtidrowitn ficst f f er ent

fromthe se vel engt h 0094] I,n_ex nbodi nts utilizi two or

move onci cartelp2iTiEn BT b s el e R AR, B RSk BF Bidnsivet S 1o

oEu cal abgeiebionc effeiat wﬁeceflsadvamta@es poNommbmmbhhlmotalegpwastlmqsﬂ ﬂe -

chronmat ogr a S S to oVi [ nore s em agvant a e two

o OO0 TR Wi LS B econ ot e Pt Pasls, BRCasRul ADSAARRS PHETe

r elbat i onfshalatlphtmtmthemarrmrmmgﬁal Stigt ﬂi\@blude@ asiny eolverts lkash iaa@dlbu@lﬁt,) wﬂcﬁn% at

substanti a or _nore, o [, ca apsar pan etectors

e, S 3, bl cofRtusd e | PG RBAS n RS RRan Tl eot or

;espﬁnses)e\a{plosaibet patticl ldgtectien, stm;admohm tphase fafmcmapmbrmlplrafdrm‘s. 4r®095] I n a
urt her exe arl a.pnon estructi v etector,

UV tot ot SrRaghl ADBRL 28 he rbufie Bnass St it Rt s ol it B e bocket

No. W9910- @éleddemacémpo(aalvg parfth®, demsmnsﬁ"enw bpem dig o@penmmtypfmotr@mretf@r

en ssi on spectr.osc a, destructive dete such
e o mmos S RER IR LoRYR bt Bt Nigh et M Ry BmaRoB R SiIkh £ S5 bEble
conponent presde. andAorlamar,calJJVedbiet;oraswtﬁcnmedew:it mderpmabhor‘Bﬁlﬁn&Jiéoms for
i mredi ate determ on of th t C ai ns, the target conpound
Wt the: oRnrortstee FraBhe bhfctib Basah et L p&RRHSY ARy kPR of &F “wni on
fraction cmntealunwehﬁf%marrgm creompphiorit ra:ampbaemte,thmd cospedmiass Mactipor

exanpl e, spectrqphotornetr nmass._,s ectro r m ss spectrosc ,

ota i e 1oy SRPRe Rl ke BT AR TG e v fE cOmted RESHERTIRL ¢ 1 mon
cartridge cﬂeteet:o,n dfrm/eutméresmmectﬁ,t wnwvaste dri afuﬁbcted hWramldnris hssutepbwi bed in the
sane vi al t.he syste e certal n ctors t Se detectors that
cannot | deSATHIG TRt P, SREHart o dhS i et dPoichobRBEy. BERERIH S ecs
detectors mms deibesmfwaiuebl%nsmﬂalecxmmpmemsonWHem a@n EeXe (my Ay . sentedi ment
where a malsgI s({fe trorrete Eﬁt ﬁctto l}llﬁ%|ﬂl zed ﬁtrdestructl v& det ect or,
al| conpoutitfé® ‘?”eeP[lt"‘@ gleg c?‘ﬁs"f ARy séf@ SHIPPRRIOICTANS Y i nat es
tBe negd tchrgmgbllwﬂn pumpﬁryeraétaie sapaeatamcol[@wﬁ]mr@:mb 3rfact|di‘re purity.
above-descti be chromat.pgr a Sy e advant s to
oot 11 on dbee: & offishy SOREHD ARl Hibas” TV MRtectSr, Abhey il B0t ST Rins, 1 eam
frgm (e. gdcompiormats @I‘Sznmﬁét)ﬂyafhg|;ﬁ|@§frﬁ0ﬂfmlsphmylﬂd€h &Gﬁlgrwnlsu@bna@ilfdtedi east one
ot her W cto . an EL n _su an e ry odi ment 1 rst
Getector rEAgIonSbyAiinByerdromaBarabhy 2 T Rull s ot cerls RS & si gnal
to at | east one of (1) a splitter punmp, (2) a shuttle valve, (3) a second
detector and (4) a tee, For exanple, ajfjirst detector response in a first
detector can be used to produce and send a signal to a splitter punp or a
shuttle valve to (i) activate the splitter punp or the shuttle valve, (H)

deactivate the splitter punp or the shuttle valve, (H ) change one or nore
flow or pressure settlngs of the splltter punp or t he shuttle val ve, or (|v)

L D P T o . r Va \ b R P N o P | L D T T o1



[0097] I n sone exenpl ary enbodi ments, nultiple detectors (i.e., two or nore
detectors) may be positioned so that each detector can send a signal to at

| east one of (1) a splitter punp, (2) a shuttle valve, (3) another detector
and (4) a teetNonvebependent|ly of the other detectors in the system For exanple,
mul tiple optical Docket No. W9910-01 absorbance detectors (e.g., W

d?t ectors) a@ﬂul?%td@msﬁib(P@Qdan@&stfﬂrrﬁnglbtysﬂ%epé(@'ti@ﬁrﬁdbeﬁﬁKé\/thdﬁslb\mﬁG@\ﬁ_ﬁdent
signals to a shuttle valve to cause the shuttle valyve to provide actjvely

cont r ol | edWOrkiRY- sdAPFE HRHNLASCARICE dP LGN JURVE 18N PNEELYBPONYIB I I n ot her
exenpl ary aeheshiye ddiired af isk8dndl edresrhBlogFBPOBRD td Fropbdystsedfigats @heCan be

used to produce and send a signal to a second detector to (i) activate the
second det E@TBPNENt$-i ) activate the second detector at a wavel ength

substant aLdam}Si m | gk ek@mF|aw ﬁc?ﬁc; WaYGR eorhphys8ebnh Bo! §igndls B tande1aedmr, (H)
activate the second detector ai a wavel ength other than the first wavel ength
used in thdeteriosie gotleBr 13 @ng)UYcieteciaral & respectivebo Ay eertde, fraglipnchange
some ot her ' fi s ~aet 4 ra4e gth of

t he secondcﬂg%{eéé? gr ,mﬁoirgﬁ(ﬁ])%pggt}l/ﬂ?gﬁﬁbﬁ ﬁgﬁ@n&é?c{oﬁn?‘gg@ f(%v%\é,’ ﬂ)[r\é%ég{fﬁ yet

ot her exenpoliectorepbdapwesample fagtianstln desicast eenplayenhwdimenisfinrespopgeect or can

be used tOtooér@b‘rcrﬁo@(ﬁjeté@fepsignéﬂ}s@Q%Jndttﬁ f?orﬁﬁifdéféc%} ERREM & AMQ#\Y%EQE‘Q@' 1) close
a valve so as to start or stop fluid flow thfough a portion’of the [1quid

chr omat ogr #@hgr GijshidmELED) dBsandsY¥ddeteeioe 161t ypitioal dojlectohddgiofects & gewn t he

f orm of, fQém@ﬂPéq 'ti&n an electrical signal, a pneumatic signal, a digital
signal, or a WreleSs signal, C Generation of a Signal From a Detector
Response [[@D88LThe rEmbad® eXeropierypliceit sbromalegrapion sysigmf 80,tiheaxeowipyi se t he

step of liquid chromatography system 60 shown in FIG. 6, signals 311 and 611 from ELSD
131 and UV detector 161 respectively may be sent to fraction collector 14 to initiate
some activity from fraction collector 14 such as, for example, collection of a new
sample fraction. In desired exemplary embodiments, in response t0 one or more
detector signals 311 and 611 from (i) ELSD 131, (ii) UV detector 161, or (iii) both
ELSD 131 and UV detector 161, fraction collector 14 collects a new sample fraction.
[0089] As discussed above, UV detector 16 (or UV detector 161} may
comprise n sensors operatively adapted to observe a sample at n specific
wavelengths across a portion of or the entire UV absorbance spectrum. in
exemplary liquid chromatography system 80 shown in FIG. 8, in response to (i) a
single signal from either one of ELSD 13 or UV detector 186, (ii) two or more signals
from both ELSD 13 and UV detector 16, or {jii) a composite signal comprising two or
more detector responses (i.e., up to n detector responses) at the two or more
specific UV wavelengths (i.e., up to n specific UV wavelengths), fraction collector 14
collects a new sample fraction. Similarly, in exemplary liquid chromatography
system 60 shown in FIG. 6, in response to (i) a single signal from either one of ELSD
131 or UV detector 161, (i) two or more signals from both ELLSD 131 and UV
detector 161, or (iii) a composite signal comprising two or more detector responses
(i.e., up to n detector responses) at the two or more specific UV wavelengths (i.e., up
to n specific UV wavelengths), fraction collector 14 collects a new sample fraction.
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generating a signal fromone or nore detector responses. In sone exenplary
enbodi nents, such as exenplary |iquid chromatography system 10 shown in FIG

1, a single detector detects the presence of a sanple conponent and produces a
det ect or respRORSHRased on the presence and concentration of a sanple
conponent mﬁthin a fluid stream In other exenplary enbodi nents, such as

exenplar; ki) d Chrﬁ]@n%?gfha&%pﬁ%@tlﬁmog’ﬁ’nrﬁl% ‘g#br%ﬁhéf {s))fg“terﬁ .80, YR @ ettt

detectors e use ‘det éct presence sanp e conponent S,
and pr oducdﬁtmmy be used do gpeicRrea deztesipota@eal (nat elcbvam) thake(ipresdade flanda

i scussed shaece 8Oy ienBREE naFLF “RebOrRRRTELD ol bRl et hEB bnses 1 hat

may be usedensorgedtarrabeingrgeaienthaa tsiapdaR) tsosemhéo at least eneofigmittenpsmpe. 9., a

fraction cqll a hey,. det I|tter huttle.,val ve, or a
ooy it d5LEFS s ARPleacTa. Oy, o ettty iGhal DT ng FmE RS InG REBLES: N
VW9910- 01 Tjdplegﬂirlruzpcmseh&rwﬁsm ﬂaamgy\b%"ls@tﬁttecwwdetmmme?tchagmbﬁetdae .
generatlon and sendi n es.in a ven ctor response that
e oy P ogtre i g, QU Serth Yoo SBTE: m Sefplah hallg o RERERE Yonmoneat s
i ncl ude, b@?sté‘rhesmghoxhh i PG, 6OUVadSERBOe61 ndy BELREH A6 prefRaNS Getsatdie,
reachi ng or, exceedi ng a t hreshol d det ect or response val ue, a slope of the

det ect or r &gpahi@et §|&‘P“M@ okl resHits () fiam estiey's dgz feshy r§EPQNsE TERP @ctiogler es ponse

val ue over sbhd®R.ordiiCHemoe dbféc&;rsrbémﬁ\séé ok hesétRbesivith ﬁ%ﬁ?@&té’rﬁihﬁﬁ pver tine,
a threshold change in a slope of the detector response value over tinme, or any

conbi nat i oBNg Her @&e”t[tglﬂiiﬁﬁi ongeofestustin ¥akve dPdcRihERED 1he IndHBER, Bf t he
present i ng%ﬁfo?glgﬁ;ﬁnﬁfo‘t §ﬁ0\ﬁlr|ibere§ﬁlﬁrﬁ’g ﬂBmgﬁﬁgfe%fdr@&[ﬁ)ngétlr?ELQD 31908 pEr om at

| east one detector tector signal being generated in response to (i) the
sl ope of aS@@tt@&t\bﬂefB@%@%@ ehangefonacy inuie gettinperef YV detectemidlf i r st deri vati ve

f d

25 a funct S01LT °EF IS phowh i BeBEIg ROl LB PR sl Shbih B ey

(Hi) optiohHkl9, tha pduitewhol diffdesnédypss mfed@ecﬁges withinea gmen($y$)erarwascberb| nation
o 0010, ool dudlRbis e SAIPLAZ b RidPe SUBH Fb0Ekbal ARt Idierii P | 0t

Oh. in this exenpla enbo ce i's recogni zed rom e shape of
t he det ect Gquid emp@namgremmcasyfst&mmuj Eltﬁwa&t pasitibned slewostieaieriromtWVe of the

ceteotor L BRBREs0u shiS, Sl Gt B0 TRIE AeBubeRlo SRR v Y
response Vvplovie andtentarswuspsnde snd @'eaerrafe sigaab®1 (e.96.a signel fhat sdsutter(ivati ve),
and t he rah_e of the rat econd d en bot h

f change (i.e
The first bEm aapngls’ BefoftiSBARME out i, sl SERET Al DLLBM, 7 HewliE ance. i <
begi ngl gg tespbﬁs@be(bfe:oc‘s?@boréswithlrﬂméwg gvdmsg thait ) lfdrrefrafdtubnsbonl:ﬁjtcnrv? pnollcﬁ tand g he
£0103] Real MidaneaIRC B9 31 JB8h S0 51 LA PSSRGr 16 % 81 bosfaggads beeo Tt i s
desirable bgeu@ Ekdvméaéte@ﬁﬁ%mé hﬁ@lgeﬁeﬂat@aIslma(@ogsnovﬁm@bhlmgna@ver tine,
Consequent | ener tlngrr detector sign from at II}1§ast one

detector d t§ (f JFQ @Slﬁp teRllr [eSROPSR oAU ALY %I39F§‘?rt%"r Og¥ (i) slope

data over Hét@@tor(réﬁpdh@é@gﬁ n geﬁdo%)@mﬁah@emgegretatér&ha.é Hi))foP Bt 1c2BBbhY .of &
t hreshol d detector response value, or. (iv) any conbination of (i) to (iii) to

di sti ngui sBPlister gumpcHR P 13 and)teg|12nw0 Gﬁtt(ha@t@)@te By H@aCt'Q’ﬁﬁe)SFE'%arn@é“Pn sl ope

data over y5ng.smhhBhnaRirk@ps!y, a threshold detector response value, or (iv)
any conbi nat’i on of (H') from possible noise in the detector response.

I n desi r ed[R8hpl ar ﬁléﬁﬁﬁunﬁbmwf’ at shosia Bejupgarsseod that a shutile valve may

be used in place of tee 12 and splitter pump 15 within exemplary liquid
chromatography system 90 shown in FIG. 9 to provide similar system process
features. In such a configuration, UV detector 16 is positioned to be able to provide
a detector response and generate signal 61 (e.g., a signal that results (i) from a
single detector response from a single sensor or (ii) from n detector responses of n
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Docket No. W9910-01 response (FR) filter or infinite inpulse response (IIR)
filter may be utilized for |ow pass nunerical filtering of data over tine
(e,g., perhaps just an average of several sanples). Typically, the decision
al gori t hm gl o2@81081 STRI | nunber of sequential successes in tine as
confirmation of a real detector response/signal, and not noise. [0104] In

oL et xRl BT hIB Sheb a T9e laoR DB PSR BRI o

each det ecbbslgn@lmd ferh IE2SO 1Q) varea@frm i8 disoasdsitioned o besb@l'tsg)rcb\@d@achange in

the conposite nal . In these y od| ts, the e nerating a
conposi te t&ﬁfﬂrgwné&?ﬂdl %eene IC(QPFJD rga't?ﬁ{?n@R agr tgg
response v&bmea ginighe UbtecﬁjromepMSea ﬂgim/@n sﬂ'@l&é@bﬂﬁorf esqm)ns'enaw aefeufmtl on of

time (i.e.  the first derivati a ect iij) a change

1 he st offERBrseTl s BRI AL Peo Bedh Tana Il & sl PRmoLS ShitieVevee” e

second der hN@ELSD 18 sé astcgacytiaatedﬂtd%@bm»faté SRNMURRY) val@y ar(d/cyr)EmW 180IFYEeAat i on of
rom each detector (i wo or nore detectors). For

f f th
e | InoSERm T 60 Btk Ak Shiater T b 300 VY S o H SRS G § 26 (1)

the pr OdUCHeQFucﬂeé efété&orr %ﬁ@wra%eepal m B@rutiﬁ%du&ethe%mo(an@ an%/(ﬂﬂfﬁﬂ of two
or nore detectors%gat a product of the first derivatives

1)
of the det destpictiye dpisRtos %tb%tﬂfF%W QIP%OftbﬁlLﬁv@ﬁECtBFoduct of the second
derivati veg;o@fa ] the dﬁbﬂ@r@&eﬁxﬁ@@@@%@dﬁierﬁs Ghé’ﬁ‘cﬁhuﬂ cARM A6 V\%rébNQ sy @nbi nat i on

of (i) to é 010@)@'” ot her exe Iar enbodi rents in a conposite
signal is resgRle INYERYPHMAYFRATRH Ne@RRYEET e SYStEMaPOMRNBING B 0% e

mat hemat i caokey r@ﬁfd&{r%ﬂ\ﬁégdét@ct@réj?é QCtd?fe bewas(ﬁmual a&ortsdﬁcet d&estorpe of a
gi ven detect or re%%onse as a functi e first derivative of a

gi ven det eBYQY 8% g Ghis ptectorp )deﬁm@‘i‘én@@"eh W'tﬁe”% Id8§t€~"i§'f’e tdeteciprodf- Sef ect or

reésSponse amads fstiélﬁidn%le?fpréde'ﬁ?m(the 8ystefNen A6 @'ﬂ@m %W éﬁbb&lﬁe‘hﬁ th& Bq@é ven
det ect or response)

‘Hz‘l i nation of ( Di |1)q from each sensor
within a d%’ﬂ"@ﬂla(tﬂg”%@hyesys’f s“é’r’iéﬁis@sdlﬂ@e‘m}icﬁ a’ascg%‘iﬂeed%tﬁc 'S 5eeh AUV

wavel engt hgategiofd)@ndrthé ﬁ]éﬂ%’d)bwaimg’\é %Qmﬁfé)hdhﬁ;h%@sw Seb@f UERGARD YRS present
in the system For exanple, in sone exe odi nent's, the conposite

si gnal ey MOHSeIaOrs; "P 9“’1@% GaBRPIss an@i"éé’c"dﬁ””@e%‘?ﬁ‘i@eW&Piﬁﬁgthﬁola“%ach

sensor W t bliecéin dgicat ﬁé\hoéanﬁgbleefracttﬂnSﬁﬁ%@ﬂi@ns@bﬁﬁ(lylangw@g%aiﬁphehréﬁ dbtdcpeci fic
wavel engt th% any additi onal ﬁéect or response val ues from ot her detectors

(e.g., fro SHﬂnﬁ_SbaJé’éHW?He 8RB Hdtd 6PARGS I &rFeCRNQ SRIEEI TESRANSE &i den ti e,
(H the pr sshispt wéveﬁér@tﬁldrsme)@bma@el wes c@fnpbbifé ©ﬁ§@rreﬂr§§é?ﬂét§5@ ther each

sensor within a detector (i 0-01 sensors observing a

sanpl e at WS5FEEAIrC r%ﬁ/aweeﬁaﬁi HES %ﬁffangrfiﬁ’%@r qugﬁaw defeBFs? FEqPELes from
ot her det eginBb@infints ted M@ﬂwhiré’@agﬂ& imay BsutRERHEm e@lal td16r SiReRAEGlarthyat i ves of
the detector r pon%ns for each sensor within a detector (Le., 17 sensors

obser vi ng %e‘?ﬁﬁﬂ‘f 9l speci fi c wavel engths) and any additi onal det ect or

responses fonga) ot henn @bmﬁw %nﬁiodﬁn@htyannahhg&wo%f fore optith I%H%’Qib%lﬁ&é on of (1)
od of analyzing a

to (ill). ‘%010% E%ano er exe larl)é nmbodi ment, a net
sanpl e mayd¢tREPIHSUER AR YR ChEUe CiOF NS ARNIGEH ahsnrRangs ReEPs MAY a | qui d
chr onat ogr @@bﬁs@&%cﬁmmm@gmg mqbldcm@ﬁawgmq)h@ s@@lteﬁcbda @B tb PFHHIS Bné @FPONENt
fromat | east one detector; Qr ecting a new. sa raction in a fraction

a

col | ector R™G é&%@'ﬁs%d"taﬂta&eéh {Feh ot mere iogiical -2 ngﬁﬂ@aﬁ%ldﬂﬁcﬁﬁsﬂﬁﬂ Peude of

t he signal 6§"ﬁbﬁeﬁh@a%‘eﬁal¥§l rél@lrcﬁhsﬁﬁbt@m BhS afbthbhso tHalul shnfills AslRhegkaphly system
Such arrplltude nodi fj cation may performed by electroni¢c or digital,

optical, neRIRERT @éISUb%i?”Wﬁ"MutH?CS%H@E POYONE OS0! WREHAPHGA) ASBBANGRAL wher e

t he arrpl | t géteciofs Tnlftﬁj ?)tcﬁ:nu@b éﬁ@@ehhes@ﬂﬁsoq eWDfrrcﬁndﬁ*s?@etHc?or' énc(ﬂjﬂgglcéhcﬁd
ion may be performed by changing

el ectroni cal | it suc fica
the gain ofét ?‘lgf@" EﬁSBﬁ'g?eSE@ %ﬁas&arﬁ;g H}Wﬂ%ﬁ‘m?ﬁ%aéWP%@H@P@ﬁhy system The

gai n may %ogy}anged:mﬁlﬁmﬂw@aemﬁarry SRbbYMeNt, A néh-88RIERS deteardald g, redi um
which is programred ust t nal |evel by mat hemat i cal mani pul ati ons,

to a

such as mfi§tEHPf ééYldt?F?CtQ’Jhétcs) B3 berH§edh 8loPR LGB FoBIRRed Wih G PesirUNiV hangi ng
the el ectronic processing of the signal by analog of digital neans, for

exanpl e, changing the type or settings 2E7or an operational anplifier. [0108]In
an exenpl ary enbodi nent where the anplitude of the signal fromthe one or nore
detectors is nodified optically, such nodification nmay be performed by a |ight
source in the one or nore of the detectors of the chromatography system In
one exenpl ary enbodl rrent the anpl i tude of the signal may be nodified by using

L 1" £ £ - - - .—-a N s L L D . r 2 . I L B . r 2 . D B T T . r 2 .



Doel ce,t No, W910 01 through the detector. The increase in scattered |ight

i ncreases the anplitude of the signal. [0109] 1 n an exenpl ary enbodi nent where
the anplitude of the signal fromthe one or nore detectors is nodified by

fl ui di ¢ neadqsiNosusst-onodi fi cati on may be perfornmed by changi ng the anmount of
sanple transferred to the one or nore of the detectors of the chromatography

system | nqafeidns.q ST nfdss s%@@@&h@ié’ﬁtspebﬂ@ptﬂimhbte'ﬁd&m@&oh Beedtd3bady, My be

nodi fi ed by changi ng the amobunt of sanple transferred to the one or nore of

the det ect BMP.0ftConheFehewmarIBgAagRRrUstE BRiasIPIc AYFYRR R MASSTIRSRIPREte of t he

sanpl e t hr ge@btoy henkhibs C&:rhﬁl@d?ﬁah@é $R¥61eR- of thed chMbbh&it SaekTRha@rchepiR@di ment,
the anplitude of the signal may be nodified by changi ng the, anmount of sanple

t r ansf er r e8Niity asgacigied With {ee @eét‘ t Hais Allpwetfer émpedii detarpinatioyrdghe system

by changi nﬁaétit#?x i‘h'aPWoﬁ@Hé fk tht%t%%mo@nahfmahhé htndrl adtBctiohadeghmiuélevi ce. I n
anot her exenpl ary enbodi nent, l'itude of the signal may be nodified by

changi ng tH@Staﬁ?@ﬁfﬁt'oﬁfd%%{ﬁﬁ'ﬂ@opr%fn‘%'?’@'i‘ fragtigm confaing fee FQ%?@“%Qurtdhfé'aﬂet ectors

of the Cth@%ﬂgﬁé’d)hé’ch%TseHﬁf bfbruaamplgubbeato%ht)tdﬁtétryt raasd apedldh&@Rs. |n an
even further exenplary enbodi nent, he signal is nodified by

changi ng t ABIsgiAMERECEPSCORMPNMR, reﬁ?ns[f Bﬁ‘q %F“PE? QW'%@“&?GWH@ 3#thq $RMBlet ect or s

of the chrgrat Qﬁhaméwlééfﬁfcﬁml@ge lélsé NYal@tBE %&Q@t@hﬁoﬁ |t|\°Heq tﬁe@nﬁrﬁlebe device
conponents. |n_ another exenpla odi nent, the a |l itude of the signal may

be nodi f i eéeﬂﬁ?'téﬁa’h@%éa’t‘ﬁé’@rﬁmﬁﬁﬁ QYFtesn MbeR USINgheariain datectors e oheser nore of

the detect gstgcfs e ERheMRicAs adiyrepyss ﬁﬁimfééﬁpﬂhleschwnaéalaé?ﬂlhé@ SRLas I Ng
conditions of the fluid transfér device. In a further exenpl ary enbodi nent,

the anpl i t fig8e ofleleRiors | eanaot negteBRingoaNeMisal RPMARERYNNg I ERPIAY sanpl e

transfer reémb@dlhﬂéﬁt Qiterla "RaS @f)eéthﬁttéi@rt Aetefc? i9f udliked Gy HERUESrRRbY System
by changi ng?the shape or size of | east one shuttle valve rotor or stator,

the shape @¢testos ea’éfcoﬁtpquéggtthéh@]%‘t Atotheopamet tipe dRaniher ideptited. tHES sanpl e

al i quot Voélﬂﬁ‘ﬁaiersaﬁ'éhéédfﬂ”'éﬁﬂﬁﬁh pf@:htﬁdff&'s@har@t‘oﬁhannd or comnbi nati ons
thereof. In an even further exenp enbodi ment, the anplitude of the signal

may be nodi%CP8H by dhARYiGhdhe ﬁBO‘éﬁtﬁ 'bst "galﬁlpqt\éoma@ﬁg%p@wr%fatem fty8apne or

nore of thge deiRfthgecusab poblok Af RABL S dRBYoP KaER AL RY IRAHEE 0F desctehape or
si ze of one or nore splitter conponents shut'tl e val ve conponents, or pu

np
conmponent sdCWRstEaAbIrARY (ecths Nt $REleE oY ith) Atlleast onpelherAfieste. SRS qtr'ﬁﬁséase t he

amount  of émtrﬁarreacdbt@aot BE afeErSDHOT in WheH Bni dkembldyl difb&ASER, tharsanpl i t ude
of the -mggal For exanp in an evaporatlve Il&ht scattering Docket No.

W9910- 01 deeteeiopresPPAss %%F'F?é deteetofirsihe wreddampdicerilteziWsa sigaalifdber of

sanpl e pafl’ehé‘;ﬂ@’r%bﬁﬁ(}@ mnbhsurﬂst@qta%hm 14156, (Eiha%ebéhd Hétdcionahgases the
amount of scattere % ht, increasing the signal anplitude, [0110]ln an

exenpl ary ®fbo Pht%? Qef'ﬁedeaﬁ‘ﬁp'i TERRONEE “E'tﬂeﬁﬁtg‘ﬂﬁ.t?c’[f)rr 670 thee USRR 1Or nor e

detectors pediBsliaht efnies BRbCch Jnspnﬁétqturﬁp@rfa %ttl@ﬂal%&to kB R6E¢A8MKE Shed by
t he detector desi ﬂ‘tphgl n one exenp é enbodi ment, the nodification nmay be

acconpl i shBAt&F PH r JEE‘eSB‘Ft“ﬁlHat\iepl geactivatsr ’@eh%ﬂ}‘iﬁﬁb PHMPr &% Hiet S@tﬁ%onent s

for each dghiest(my chéhéé"@nébf RIBRS PBWaIH PreSI(Fé %@ttmbé‘ of Y §iRteENEMB| ARfile
enbodi nment , the anplitude of the S|tgnal i S m)dlfle with the use of

i nt er chang@fiie vakeeOf dM anyr corbination, o ¢ &Rt G- f§|=’”%%\%ﬁ'°&’e?@@t%?sﬁ%et he

chr omat ogr siigss ehee) bﬁpbr@h@ﬁﬂhﬁed 3o St oW HrAhpres SGar RAtisedésMbEy apor ati ve
| i ght scattering_detectors each w a different power light” source. The

detect o witgyer pEYRiFaeins FOBRELY Thedwm SHUPE&@NPle, @@nefe%tf!@aftw% 3h

anpl i tude shdifddtic’<RirRd, 'a"@gfté} stdn@l, @?h%FéPéssVﬂlénall he | ower power |ight source.
[0111] I n another exenpl ary enbodi nent, the e of the signal may be

nodi fi ed bYORAangi néf‘ F‘h’@etﬁﬁmp&i}/ e&’?&’ﬂ%‘%@?l@ﬁ“@@ Qﬁte(ttﬁr@ (&@mBVe OF BWER| ng t he

detector. &QbctBis)Mityee | &wheewmaaéa&ﬁdémabt c&?@ér{cﬁé b@aaﬂetaeq%a@f oné ar ger
partlcles scatter nor e ht than smaller particles and snaller particles

contri but ef 61)n%|%3§tt?ha’P"TE’ar{2h’@s§h‘t'qH@ ‘éaa‘fﬁal@ AngiNar. detpese aﬁﬁrt“l)cq deeare
produced ahdbhhdafihplof 6 oftiad delatersNg thé %S/S@W”Pbleexérﬁﬁenﬁﬁmtp'lezSbtlc%is flow
rate, the nebulizer gas type, the nebulizer liquid flow rate, the nebulizer
liquid type, the nebulizer design or type will change the size of particles
that produced. For exanple, cross-flowngebulizers or concentric nebulizers may
be used. Larger particles scatter nore light, increasing the signal anplitude.
In a further exenplary enbodi ment, a higher anplitude signal is generated by
removing the small sanple particles fromthe aerosol streamso that only the

| arger particles reach t he detector The snal | er partlcles may contribute to

| PR I | B | P B T o | - - | i P | . . - 1 o . .



Dockel No, WP910-01 changing the evaporation characteristics. For exanple,
changing the tenperature in one or nore of the aerosol zones (nebulizer, drift
tube, optics bl ock, exhaust block) may bias sanple particles to a |arger size
i ncr easi ngpsteQRatag@bpl i tude, [0112] I n anot her exenplary enbodi nent, the nethod
of analyzing a sanple conprises the steps of generating a signal fromone or
nore detec i b CH r o i | iSsing a

et ect i on Ppanibe bRl (cfsy OTURRAFR) e AL FEhidref AT E ST BEITh 18 2 e
sanpl e fratst prayideningdepeadant gignads te st shutile vabeptmsause the shatilgevalve tthe si gnal ;
wherein a i ; i i I | spexenpl ary
enbodi rrenm,? Jo?ﬁé%?ﬁ%%ly%ﬁ@g&%g @It%lgeéaz?;gﬁgf@%géth%g?%%cﬁ%ég@s((%h% %rﬁjtﬁ L§Dfry, 4 ny, 5
ny, 6 ny, [POAF] 8 mjn cthenexerplary,erobodimeets, pofirsBTeiecter frasnanse ieeefistary
embodi ment go4. 00y 1BHN0M (Qhg 3836r¥&156é9aﬁd Ss%ﬂp!&‘sfg%md %e§c-fwéo*ﬁ8 %—ﬁg&% 2‘{ g enerating

a signal fromone or nore detectors in a [iquid chronmatogra t he

si gnal conpetivetendhen sgeenst detastaredipoasiyatso thso sepend detackr dteaswavaiengiet ect or ;
and col | ect ; i ' f ' t ' nse to a
change i n TR fiaPMAERRL 8 AECRRITEAR el F e % BOILEE' B AhIEIRETT®, o
about 100 seponfndatecter ek anywavalgngimedr itban the fiest svavslenotly ueed don thoofitséct ed may

be less th or any
i nt eger or@?%{’mﬂeﬁéﬁﬁﬁswgn&rbﬁ@ﬁc @8? egg%%ﬁeef eﬁ%g%g@ﬂéldem?? action
col | ect ed sropnddlateater (eitantherosgoeld wayvekngth obthenspcosd detgctarh ardyi) 80y ng, 50

my, 40 ng, .30 iHEﬁor?ﬁf(g% \;50 ng, or less. [0114]1n an even further exenplary
enbodi nment t?le nmet ho 01( anal yzi ng a sanple conprises the steps of generating

a signal fi08Pbne ofn neirdhered@niary embagimens alfish deteatos (gsponse Byafish t he
signal  conpib&ioPEaRbdBEA 1A BRULES BATSENE BERFR 2 O BlodehdPialRey it €Ot 0T
and col l ecting a new sanple"fraction in a fraction coll’ector 1n response to a
change in ¢lhge S yakE; savasr 8 starher sitegmaluid Joyetwouahed pyrtion dfetast liquidut 40

U /mn of I i o] p‘f{f%ll r 1 R | ary
enbodi mnt&?ﬁgﬁgé%Ve%%ﬁ\ii é%ﬁ%gg%cgég%g’ nﬁ?’?ge@g! %rigs]m%%{/&ﬁg&gt | east
about 40 ufior iesemplep ancelegitical skl LBpnewnatin signgl, ardigited signel, far cwirelass her eof in

this rangeg r exanple, the sanple provided to the one or nore detectors nay

be at | eastlgrlé:%' uUrnin, 60 tiLimn, 70 uUmin, 80 ulimn, 90 utimn, 100 uUm n,
or greater. The sanple nay be provided to the one or nore detectors in the

l'iquid chromat qgr ap'@’en%)‘a?foﬁ’ﬂf‘é!ﬁgﬁaﬁﬁrﬁ%%}b&%{%}ﬁresﬁi&}éjece positioned in fluid

Docke: No. W910-01 comuni cati O the ¢ east one det_ector. The fluid
transfer dév0@e may Thacheibedsoisthatreseny kivestioramap furthes compripeiifie step of he | i ke.

[0115]1n anolhainge X eiipha ok AL BRre ddECBETEDInSEs. 2NA! dhhd BxBmpRRP! ©

embodiments, such as exemplary liquid chromatography system 10 shown in FIG. 1,
a single detector detects the presence of a sample component and produces a
detector response based on the presence and concentration of a sample component
within a fluid stream. In other exemplary embodiments, such as exemplary liquid
chromatography system 50 shown in FIG. 6, two or more detectors may be used to
detect the presence of one or more sample componentis, and produce two or more
detector responses based on the presence and concentration of one or more
sample components within a fluid stream.

[0101] As discussed above, a given detector provides one or more detector
responses that may be used ito generate and send a signal to one or more
components (e.g., a fraction collector, another detector, a splitter pump, a shuttle
valve, or a tee) within a liquid chromatography system as described herein.
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conprises the steps of generating a signal fromone or nore detectors in a

| i qui d chromat ography system the signal conprising a detection response
conponent from at | east one detector; and collecting a new sanple fraction in
a fractionpg@ll.64bRly i N response to a change in the signal; wherein the one or
nore detectors corrprl ses an ELSD and the signal is generated froma I|ight

my be gendVaeaf #FORaE e B BedrshSe EXEFR, At RERRED BRGbendfg ' 900

rnW or angf astgager Cbangesaota gven deteetalr respolnbe ghatamigit. trigger tbg@epba,tlon he si gnal

w5 T sehing 8Tk Siena PRl o s aBHe B bod B i, e
exenpl ary elndrgei imeantdetadis nespdrse: vﬁluan@la;zlzmgg)ragmaeqhh@ acthmahiokb detebtorst eps of
Syetem T nEephRE Pt E Fobf e Mo BBEGor FRShEL SalE el EFOHRETEPE et one

det ect or; ahthe detestari negpmamewalsarmlee timecaidmanges ia 4 rsbmm ofntheouemctomr in

Leoponse  etof195a sl U5 EORhpoll BB £ KB T BEBCHP VAR o oo,

there may talusover ttosmorencempmadenthdreoff arce quantities and some conponents
in small ties t e t r. am c
range. @B%L dyné%oger%ﬁgnéﬁg@ excee'ﬂg{ﬁjt glieo[—rﬁee #L ?{q%gjrg?%e @gﬁ'{‘g @ si gnal
anplit ude campiisd ﬁ'regetephﬁtgaeminngl o rletdctarhaigmad dkom sat nedst opendetedter, gbet i on

where one TSRt kAl fEna ool ! EsREIES Bk Uds FRLAsbREP FRRSERC e the
dynam c r aage,funsiienaf titriee(i.e o tippirshdsrivatiye nba detectw|regmined), mlr)cqoenarwe m\

Const ruct i B S A gPeRRToroRef Bs §H0RARD  inle e, MeCHicoRE Bfalzbli® 200, "
and t he snihlel weasanepspenaeﬁo(m)t opticanallyvi 4 khresliaid) eletector rbs;amsewahmldre(m)or IS
00 e bRk EAES! (PRI Gy Bued ARt W RErBIAGUAR A ke upper

detector rangé’is nam c range alns one
conponent leas@pnip Tamdexmmlay estdimenthe substenceis mbgmmcbfrom the shapeect |y

late th

200mg, t hedt b LeRaoreshbndig e aRE e fofndish R T I Bl oS 7 e

first conpdetector iresmms20otvey timel (f.ee si@moradmd'\aagejjﬁoslop@ retshects/etyamdn conponent
t b { t t b

g T SR e R e

show a val valyed alvdametahanestlﬂsefatwpcpj‘e}hadgaém cthedmgejertwatl\.temgami ﬂhasratetorfnheases it's

gg})ogofr: 'n?lla?% Eﬁgc% el d%gg%g&&ﬁ:[ flef] \%?uU@bSthR%]o@l ﬁ%gﬁfs?h%aﬁl O 2118 1f tﬁé‘e”p' ary

det ect or | seaohd dedvaiveyse droredding, dleiwstamce rlﬁalyegmvlegtpimﬂétectedt S]twm'm c range

than th : ' f t

const uct | B ; 2ol oot sFELE" R Oie, BEedrt BRPRBYRR, Moblestly, FHET. o o

di fferent suhséscgiis ecasihg itk &iSMPd. I n t hese cases the total dynam c range is

th | | bot h
ot ector . DEF  exanpite Fof MGG taibl a1 ity HEISCIAR) BabBlliNo kg o°
anount of d&xrigblendo 10tlizeo law-gaseaniwnerinadefiltarihgn (€.0., weinbotivingk pyarpdirey wit h

I f t h
ol eor abl SonTRaptE g 8t griprfife 3°GG8GoNSRRR! Ao RIACIR BB | o
properly vwfeslrabbrnlprtbsr Cwmmﬁ:e@rigwtpasé%ﬁ)mxcai—[ﬂtwmgrqf (t) redopeoddiia naver timew | |

I 0

A Cornat e ) fihod f ¥ER SRR R T Dpuchty 8 Thfosh BB ibebReg i
ranges. Fovaileegaarﬁlvée ,anamoEIb@Btaun g:Hit i) |tu¢m} podiatiguiskoadtugihthasges ael) s@op@
diff t : i f t
i gnt pat o EraRhs e SrEERE h “Hpttite, SR At (19 e Ehatl, o blefisld o] The
met hods of détbetopraspense vauentn () argycdmbindien adijdoi(diefrasi prg:ﬁséole noise in

the detector response. In desired exemplary embodiments, a finite impulse
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fraction collector, such as exenplary fraction collector 14 shown in FIGS,
1-3A and 4-9, to coilect one or nore sanple fractions in response to one or
nore signals fromat |east one detector in a given liquid chromatography
system Fopocexampbepo i n exenplary |iquid chromatography systens 10, 20 and 30
shown in FIGS. 1 2 and 3A respectively, nmethods of analyzing a sanple may

further copppbise (AR) sfﬂt@rpop'hflﬁlﬂi |rﬁfﬁléé193596ﬁsé)(llﬁ‘jq¥ﬂ%r Wkﬁ@ ufifRatbPRSy-1 N
response to one or nore signals fromfirst detec oin exer‘rtplary liquid
0

chr omat ogr Bp¥ Nepstieadiltatngd shdaigovwe tigreo@o.-i ﬁerrha@ usa ANAveRDes &tively,

net hods of ;aRle¥y i NYpRaMARE WFRYor HighhRi GBIRE! £ rialermhish &fsé'dalehﬁeﬂt' ng one
or nore sanple fractions in resgonse to one or nore signals fromfirst

det ect or 18UGeEFSes indimeyas eenftsmaten pf a%aﬁ@c%fwaﬁe@@n@ban%@emmse Docket No.

W910- 01 dgj1egf or 18d)oth& exe@idlard/l dribodhRen@e e thatifd et Qﬁ@yﬂr@g %nﬁarﬁ@e(or bot h
first and second detectors 131 and 161). [0120]In_sone exer’r})(gn enbodi nment s

of the pre5@t COMDETR OSACrating ﬂr%ﬂ%ﬁe&ﬁlﬁ'&om@‘%ﬁafjﬂﬁé agnéd to

recogni zes cérﬁﬁ@r‘aé‘rﬁ 1R e REP 8 BB EL0P N PEOI BBHIRy §'ngwada$nﬂlé @ab@in hadstorRB]odet ector,
and coll ect one or nore sanple fractions based on the one or nore signals. In

ot her exenpl&RpILiDHIE FEMPSSIEEENEL o Halheed MXGMPIans MRAABRMEC BEsHAB ®qui prent
is utilize eﬁ&aﬂﬁ@%%nﬁﬁb@ut@fsuﬁ@élenﬁyge&hﬁréé QRARbmaBeRly emelgmg?QBoﬁ and

subsequently provide to the fraction collector a recogni zabl e m(&nal t hat
i nstructs €lecior seapopse valueeth die slane of pitendifteder %P@n%%%ﬂéu’? igetdfons based

on one or {he§;. é' %alr& éér%h@eh@f a’ig%ﬁ 'd@th%{or‘?@éﬂah%é)' (i a Bhﬁg%qmﬁé%b@g
eqw pnment. [0121 di scussed above stem conp onent S maé osi tioned

within a gPlies Q'\{ecﬁ?lﬁede@%rr@ﬁﬁ‘?ﬂﬁr%ﬁp%@@ @fntifﬂ%('r?r J0e §8c ivapyg & 189 st em

properti esgivERTdefcidic8somie)! 8REY) ME copbRaliot of Y t&]iiPaShi bafEdetcidi N a
gi ven |IC]UI d chromat ogr aphy "system so as to mnimze any tine delna bet ween

(i) the defi€ot Eaeh ¢ff HegiwerPraataset ptestashord GXRIMPIR; )N t JUNG tXEMBIAT¥ ol | ect i ng

a sanpl e fpaebiipfbnRased eamao%g@adnagem@y %ﬁﬁmfséoﬂ? ttrk@ HE4REL & deRefpNse. in
exenpl ary embodi nent's of the present invention e 8UI d chr omat ogr aphy

syst em desf&sRANSL é@(lH%f(‘Erseaé’hn%@?@Fﬂh{ftq NRAGTePTai 0T @Oﬁﬁ aigcEd)caitdPiveignal to

the fracti gnec@l r%cﬂrgau&t'of?ne fu‘sh@eﬁ\)aﬂ?esd@f'tﬁé{ deRicY? 98sfdnked E?a‘é%ﬁ%ié)n of a
gi ven det ect or recg@nse and (ii) the step of collecting a sanple fraction

based on aliitga#ro he‘FH\Ge%ﬁopnér%eflh%t'vaétoé&%ﬁietra@@bmﬁ@@ysw al 2 §yen EIP: about 2. 0

seconds (Spr \Bran&%éﬁ]biHMBn%PP}% (#)5 s, or less than about 1.0 s, or less than
In exenpla enbodlnents of the present |nvent|on

bout 0.5
3t |O:J| zi ng ES&NQ {)r mﬂ%oﬁ'@F@éP@P?%ﬁnﬁ’Pdln@iﬁ inpwRichét ermBPsitecHyial & WPdn sensors
(as descr'@]@dst@@w@bneﬂaﬁﬁ‘g la'cﬂiﬁh;fbsﬁ@rsﬁmt @ﬁy%hmrﬁgsﬁﬁnbﬂaﬁw@moyre%h bits a

maxi mum ti nme for any detector sig fromany detector to the fraction
col I ector (i} aedete@‘ﬁé FESRANISE eYaye: bidh \Mé%rﬁlc(ﬁe) of RediyeR SAtPAR HISPANES WENA det ect or

response amﬁcﬁéd of e ﬁéemeqrrsp@érlxﬁﬁ\véaga@\@araék&témsbér% tXﬁl?%Cl:r@Hgéi si gnal
(e.g., single or congosme signal) generated fromt det ect or response) of

| ess t han @bﬂsatsiczoeo ﬂ\eoglwpraesi@tch&rfea%ﬁ? ap & functigp qfé&%e {ianthgo¥6end . 0 or
lless than agptivé obit) giver® BBteRtdrRBEIMRES, (0F XivPaRrRtainbMatish ®P (i) to (i) from

each sensor within a detector (i.e., n sensors observing a sample at n specific
wavelengths) alone or in combination with any other detector responses present in
the system. For example, in some exemplary embodiments, the composite signal
may comprise (i) the product of detector response values for each sensor within a
detector (i.e., n sensors observing a sample at n specific wavelengths) and any
additional detector response values from other detectors (e.g., from an ELSD used
in combination with an UV detector) at a given time, (ii) the product of the first
derivatives of the detector responses for each sensor within a detector (i.e., n

31



Docket No. WP910-01 [0123] The nmethods of the present invention utilize a
l'iquid chromatography (LC) step to separate conpounds w thin a given sanple.
Dependi ng on the particular sanple, various LC colums, nobile phases, and

ot her procgseisivpioeonditions (e.g., feed rates gradient, etc.) may be used.

[ 0124] A nunber of LC col urms may be used in the present invention I n general,

I .
S Ti Y Roor RERARDT BN A o R e e e Aior P BBl e
si ze excl usdspnngsas {rons oty dedeaisredal A given pmesdii) thenpeeducdrof the esgebad y

commer ci al é’ri\f’a\f@é 0y ltﬁac&gtéﬁ@rs redpBhyge *ftglggécrﬁrsgn&ﬁt w!tt'uﬂqé %téc‘? ﬁ%l ugns

avai l abl e from G ace over I ences under
VYDAC(r) | SRNOERBSS®IVINY A EaWIDISIaI(rr ;peoﬁlg_wawengﬂns)\ﬂrﬁl maddltGﬂACE@lERE)TM

R oo BN o el 24 8RR B LR LU AIPON ik fyteroer of

nmobi | e phase nent’s Tay I nven bl e nobile
phase corrp[méﬁl s i ndh lmi\ethebmempm;'mmbodmemd at methadedfoarialygingea sample

di chl , h .

Lot ranyar orep ekt HeneRifb S oidleP OF o bP Bor RfreGi Shor Taulf o

et hanol , bdﬁrbe‘ra‘ﬁograpiw cysteinndihé aignat merrmosmgFa wwcttpntresmm Snre;pme[rml%] The

Tethods Of yBAELRDAR, RAURLE chilbdilg aH &P Shole 0N 3o TN EOELO GO P! | S
or or user i1nterfac

one or nore steps ne or

system corrmspemﬁestooa chahgeyin ﬂilecmgnairaarugmpmyngygtpdjtudeﬁﬂﬁh@x@npll feomtthe rret hods
of anal yzi onpr,l.se; I

i nputting Q’g"s}r{pﬁm qé{@%‘(ﬁ.% %P thé !' C%?rﬁg{og q%y 5}%%%% or tes?ﬁtﬁag

adj usting mod:f;oatmrmmey@etnerﬁmgseag @y@]ectmhmvmra‘ngltaﬂ mqa!emelnammj,sor Mel engt hs,
etc.) of Opg QL nore conponents within the system programm ng at | east one
detector to Senerate a signal based on a desired mathematical al gorithmthat
t akes i nt o[0d€@punt drmanoexamwyoEeHMmentrwbmn@eﬁmpimﬂmnbtmrssgmﬁiefromnsors

and/ or det gct r . A ! e an a
Gotector) T8 Gier MO RRRAS, Efodfied R HEARY BRARE Mt LSdIREGONEE 2,
t akes i nt omagdwuperfanmedoby rmaegldgttbetgam pEésoniges!; uep'mg)grwn'rporgarmoﬁrtaet i on

Ceast one HIPEERAREETSRSh P HHe adin hay fe BhARE (King BIRBAISh Soflndina Lo *

recei ved scgmnpliter peaspbiammeatiuronahioh isoprwgsasimeh tooagiustetites sigDaic legel hko.

V8910- 01 mathematical manipulations, such as multiplication. The signal may be changed
electronically by changing the electronic processing of the signal by analog of digital
means, for example, changing the type or settings for an operational amplifier.
[0108] In an exemplary embodiment where the amplitude of the signal from
the one or more detectors is madified optically, such modification may be performed
by a light source in the one or more of the detectors of the chromatography system.
In one exemplary embodiment, the amplitude of the signal may be modified by using
a different light source in each of the one or more of the detectors of the
chromatography system. In another exemplary embodiment, the amplitude of the
signal may be modified by changing the intensity of a light source in the one or more
of the detectors of the chromatography system. In a further exemplary embodiment,
the amplitude of the signal may be modified by using multiple light sources in each
of the one or more of the detectors of the chromatography system. For example, in
the case of an evaporative light scattering detector, increasing the power of the light
source increases the amount of light scattered by the sample particles as they pass
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(other than a fraction collector) to recognize an incomng signal from at

| east one detector; convert the incomng signal into a signal recognizable and
processible by a fraction collector so that the fraction collector is able to
col | ect oneockfnoms-0sanpl e fracti ons based on input fromthe one or nore
system conponents; and activating or deactivating one or nore system
component s ufiguh thePadiBEol ACincRaglll Safordt!ight iferabtls! he ardlifuelds edet ect or)
at a desire me or 1n response to sone othef activity within the Trquid

chr omat ogr &ighgl. system (e. g., a detector response displayed to the operator or
user) . Agﬂ%@f‘t us fiRIan G, Jﬁérg%rﬁﬁ&m}n%ﬁt Lvﬂé?enhEhﬁmBﬁtﬁ BIF t@d‘éﬁﬁﬂ{n'f%}n' s also
di rect ed t0 an apparatus an arat us conponent's cap yzing a

sanpl e or Hwpame er arore sietedtergtis rﬁrgoctlfeﬁct b fleidia epgs, gfuch rgmmaélousmgbene or
more of 't heeabauer siperd dﬁftﬂth%‘%rﬁ%t%%@% id el dri2e V& hh SOME
exenpl ary Enb %’es or* resent inv nt?%%%";%dgﬁ %r%r{%u% '?g% gfntg yzing a
sanpl e rraydeteﬁ@rs ok the ph@mﬂi@@fﬁalmogy%tpmy troruether GK@”}‘D'&M embedivient thef i r st
inlet, t A i f I in fluid
comuni cat b@?"t\/lfneleh&feﬁhe@f r%tl Sn@%}ytolrbget of Ifgd b? éHa)n f’i‘.'\?) {%C%h%np ét%@@r influid
conmmuni cat iransi@ired e tke ove MfidNoEt mfetheodetecr’c@rSt @fetheanmomet)ogéap@msysteé"r bpunp

posi tioned mﬁﬂmjt i d t he nd the
first det ec}!t]%hrdcl r% [Q)ICﬁ?@%?Qgﬁlﬁ&qbﬁgﬁgg@?ﬂ?%{aia%@ t@da?lgmfgtl vel y
control fl a@xemplrowempodiment. thetanpiteas of thel sigoalneay branpditied by dbedginent s of
the presenind Buithi O safh il utdrsortedl ¥f WBorBEolRRSe! & MeABgieBlord df GRLSP! T L er

punp conbination to actl Yy control to i rst etector
[0129] Al t h@fargma;mra@mbwstem kw1 @Engmggtheaﬂww pétht ¢ofethasevwieldvewghthe Bg@ar at us

(e.g., exe{FBhﬁéb/dédu | §h GASHRERE,RGK éﬁ‘f‘t ﬁ%érﬂpl?@é%ﬁth@%@’é%%

conponents nay f er conprise syst m har war é that ena
recogni ti ohe mod@tiedieme@iacﬁrglngébp@mnt/ai sample trangiereg do the enalet meteoef thesponse

val ue, (il be%%r&&l“t%%h‘r&ﬁat% ra"ﬁh 'sgﬁhf?\ by @%%nﬂﬁ%ﬁ%‘ﬁa}gw%@?ﬂ%ﬁ vahue or a

change in a detector respons a Si to one or

more syst efd @Eﬂ@éwﬁmrﬁxemmérqud&i%}nmq ampbde Oéélﬁﬁﬁﬁﬂ@&jlssn%md by a
receiving Eﬁ%@ﬂﬁe% arﬁ&) Q:\F/fl‘){a‘ﬁ?@é Rn8ferbl S0 rtﬁ&%ﬂ@'o?‘?ﬁ'oa%‘cﬂr{ﬁé d@kéc?ﬂrtgr?téhe

rece|V|ng co ent einitiation a process ste .
r ecei vi ng mnw@m@tograﬁhéspmﬁgw thy tusing eletﬁgqahamaa@agrﬂwd trapstEederiee 991001

[0130]In Og%‘ﬂ i % STE0 éﬁ%ﬂ%piar&*b?nl?dﬂ?rﬁéﬁtt te b ﬁude%%ﬁ@%@héﬂ fbgui d

chr omat ogr ystem; 10 to 90) given ap arat S conponen urther
conpri se shemadfiiedrianeneagingdne @ﬁlﬂb‘hb@f @WINE éﬂaﬂﬂf@ﬂ@dﬁ@ihq @%@Fﬁﬂf)@rpfébel vation

signal to @et%Pt’o‘rst bt epégﬂgr&%lfo\% t kéin %%Hb‘ﬁ ffng Mahgiﬁﬁt%\é?%tﬁgt&%dﬁu%é“er punp

or shuttle va e spli valve, (iii)

change oneolbtherfiitié "ﬁn@fﬁf gevipe- esb’UﬁéU@@rtQW@V Qfmi@dﬂiﬁntt the apaligderofshut t | e
val ve, or mevs}%@nvndagcnmhaaﬁub@a%eﬁa@ﬁ%rfé de(rhbuat of %mb?ehf&s?érpéﬁ BAfe eﬁ§ssure

settings may | but are ve position

splitter peifoes of e detecioss obther eysmatooranty §y5éﬁm byrahesging the shapaiove, ~ or
(iv) any cqobignat ifat 8he (dhlittlOvdild kator or stator, the shape or size of at least one

stator or rotor chamber (e.g., the sample aliquot volume transfer chamber or dimple)
or channel, or combinations thereof. In an even further exemplary embodiment, the
amplitude of the signal may be modified by changing the amount of sample
transferred to the one or more of the detectors of the chromatography system by
changing the shape or size of one or more splitter components, shuitle valve
components, or pump components, or combinations thereof. All of these
modifications increase the amount of sample reaching the detector, which in turn
increases the amplitude of the signal. For example, in an evaporative light scattering
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[0131] I n sone exenpl ary enbodi nents, a splitter punp nmay be positioned between
a tee and a first detector (see, for exanple, splitter punp 15 positioned
between tee 12 and first detector 13 in FIG 1). In other exenplary

enbodi ment gyuethofldoslys det ector may be positioned between a tee and the splitter
punp (see, for exanple, first detector 13 positioned between tee 12 and

splitter p ] : )ﬁﬁm?l | : t he

appar at us §€@{«‘ %1’2 'B&ggéé'ﬁg ﬂi%énergrcfp ﬁ%(ﬁ?s]@g{r%? ﬁ;cgbea{f F? a c%@%%@%@é%%@feam; (i)
two or nor esathingctherdstecadopiidsl JThis inr ot ironeaseb | tbe tapnolinh of Issatteredrighhi cat i on
with the t%r%@%@ﬁ%g%ﬁ%f&%ﬁtﬁdw th the fraction collector being operatively

adapted to co € Sanple fractions in response to one or nore
det ect or s[@rA] s fr dmanhexempayrembodimést eber the amplioe ob fengiyaalyfrom

nmbodi : i 10N- i

et ect or o 118 B qrafboBt deBiclorg b baga FRSHEnR e} BB reRE 03T s CbE oy
(e.g., masacepegishedeberinei detdstorsyesiom [10188% Vamplay embwdimeerdettbetors are
present, a.SplicLA &I YR QaR Bl R PES T RS Aiebys Rhiihg Bigkpdngme of

fluid flow ir ector and a‘sec ector erexenpl ary
enbodi nment sgmporspits fdresach uepeotor is the chrematdgvaphyesysteen. ubeahdtloer exetripirg or st op

fluid flow, X | ; . res r ot her
detector. Fﬁggg'g?etn?’oh,g% I|§4d%l (ge@%%@tﬁg Ie'%?rb%dr'r@eg} g%%ru%h@ﬁﬁ%gcf@g \E/Eetggnay be
used in a deteetnrs ywt theirtangemnients, yorceathr detettoniinl thé alwdaraatom@pby sysies.

det ect . i ; .
nar dvar et Fot SR JERT By fnR oot o AR RRIARI T TN, ienf SRR S® =Yt e
det ect or resgowiks differeohpoeseigiit soyrcentbbe idetrtqr withetheppanertioensipnightses

system har . b : l.an.: ect ' IS, gener at ed
in res ponsgmgggﬁiggéﬁﬁgé\l@g?ﬁ%%%%g ?%E%é?%g@%e&otﬁ Eadseg%{? @Jc‘f"xém% ié)ghf)eénse as a
function opowemlighf{ sowce. the first derivative of a detector response), (ii) a
change in | ope of : t] [ second
dort vati vel B e’ adf oS PELABRRLsMBRRRRNE SB7 pRRLtRE o 3% SondiRlBEer cot or
response valoddiedoby (dhangmgytheowbysicali draradie(sticst of ¢hé )samipidr rdeshingdhe
conbi natio rd _Si l. t b . T war e
Cone oot TR RED ol Al 33 oAl e e, BYSLPRABRE
filtering §éattes rape lightttean cinallerqiwiiges amd sinalber aticdegs ¢axtbudgta noise that a
t hreshol d r : ue; i a ' | ' (i)
over time 03 SFERinE SREMIE SRl " Hhelb sielod e ERSBLATAL B Fondibr e’ |
sl ope dat achanding, dpt iesambley tha ndutzdiogas Hewertertheesgintizer gas dwpe, dne (i v) any
combi nat i ogefiiz&f dquiP bl rhte, HICALRRAZS! Rifa AeSthe Reruidly GG bE K8 wili €SPONSe,

change the size of particles that produced. For example, cross-flow nebulizers or

concentric nebulizers may be used. Larger particles scatter more light, increasing

the signal amplitude. In a further exemplary embodiment, a higher amplitude signal

is generated by removing the small sample particles from the aerosol stream so that

only the larger particles reach the detector. The smaller particles may contribute to

background noise that interferes with the signal generated by the larger particles.

Removing these smaller particles increases the amplitude of the signal. Impactors

of various types and designs known in the art may be used to selectively remove the

smaller particles before they reach the detector. Flat plate impactor, screen

impactors, spherical impactors, elbow impactors, three dimensional impactors, or

other non-linear flow structure impactors, or combinations thereof may be used. In

another exemplary embodiment, the size of the particles may be modified by
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[01351In tnuiti-detector systenms, system hardware nmay al so be used to enable
the generation of a conposite signal conprising a detection response conponent
fromeach detector, as well as detection response conponents fromnmultiple
Sensors W bllklhodvsdo¥en detector. In these exenplary enbodi nents, the system
hardware is operatively adapted to send a conmand/ stonel to a fraction
col l ector | . i . j ; I [ C fraction
o 1 espons s ebObh RikiaBRaERls, 3Tl Shafihg BB AT 20
conpri se aon@bhemse iof e genosel znes fnéedingre drift itybea opbiceblook, exbapsinseckyal ue,
(1) the s - Of ' . det.ect popof tinme (i.e., the
first deri \I}’.%Bf‘b&%so Fgéé?\ag%%c}gt%é%lbgl; &?gg{&(i%asszrfg, &%'ﬁ#i%ﬁdg&@ﬁange in the slope of
t he given HHtIEEt or respotiee easmplaiyuambodiment, the meethiod ef analhzing ecsamapleer i vati ve
of the giv ch.Qr : (d; Ny ' j.0 i i) from
each det ec?@?ﬁ%%r{hgx%%%égfaéﬁ%agﬁ aoel's'ﬁacla Sl g?\’gmﬁqﬁéﬂgo&r&ﬁgtg% %i% 9941’% pr oduct
of det ect ochnoespagisghw aysien, fibe sigrah cdetpesingr a atetectign vieapanseecorfiponent he
product of e _fi ri pves, of . det ect or jven tine,
() the BPBagLeS FRCUERESaSng R EL apM AR RRS Thod BIetE L

gi ven ti mecolectaf iiv jespopse trichangenin tbé s{gngl; twheféin )JamlifoeeifIthe sigradesitr ed

confi gurat | r at I 'ﬂﬂ rieSi ng: st one
det ect or o%girgta?éé\}glzsﬁlgga%tfgﬁ {“)gé’motg%gr%{/ﬁﬁa sgﬂgﬁ*ﬁe@gﬁ]pﬁ@oggé}rf %I’%?@ﬂélp@% fic

opt ibfal vvabebbie_gsﬂm)quiéli’:gn\/, 4umivh ,BrmV,lIﬁrTM/TS’p‘éc& mlh)g,mb(?w gW% bemanar dwar e th?t
enabl es a ion in.r onse to
0) a chang[ed’ﬁg]ta deﬁ@gtfgﬁﬂ%%%grwg%bgﬁ?&gdﬁprsﬁ%*hgﬁé)?%ﬁ&%%ﬁ? agsagﬁg%ge in a
det ect or respptisss the sdepeobpenatatirgd ersigrial from Enéioy naorehdetepioisnina baunghosi t e

response regpr e (g at ot LIS S

wavel engt nETORERREST P b Ihe igrBF RBRRARnG o 'Blockbh Tosfits: FithShey

di f ferent irawebeitgfishayneodetenior; pheé cwdlecingngt haw Famplédractieadh aldtastor may be
in a paral . at i ' i Of.; vl | £ j er, or
some conbi FAerlSh Dr RSk R didn08 T, HRCHORH, whBrPHeESapthih heGE AUBLRCT 0
in one exetmaharegeabodbment!00the Hpihis exansplayyerchofimesk the saimpledragtorct or
conpri si ng J t ecific
opt ) cal waSieEEETHA pERELIhu B Kerf 3550 REIHNR 8 TR BT SR i T um
(or any ot beanpotegesrordradtine théreof athie rangect Fomexsnplg, hensarpladractigpe of
detector), r 1,0 I r collect a
new sarrpl) ecqﬂégtgtﬁ ?/"(ﬁ)%fmra]h%&ﬁ%h?é%pgéi(ﬁggﬁgbgﬁgﬁn ﬁﬁghgoﬁﬁe‘s@ﬁ‘ ’h5e6 ﬁ]gdet ect or
responses 4@ mgh80mg @eong,i 10 opt ordess.wavel engths, or (ii) a change in a
conposite nse t - r , n a
splrriptter pl[?ﬁrg r shHt?gf]g&gglfggh%}g@%p@égx%%%@ ?tvgﬁ%%ﬁ?r%{%ﬁé!nﬁh% ow to at
| east one shrpletoomprishe thgpptapavligeteratingalsigriahfrom st monmsgieteatorhiera conpri se

: h s . ! o]
ahiitrer il o BRI ERAH Sy ARRE" My ol ZBrRFC S HHSIBAT Bty ¢
val ve, (i igomipersnt yioe at heast pnetdatectpiiqndocollehting benavalsample fra¢tioncihamge one or
fl et ] t i t . ! '

iy conbi nitsBR ETHEpr g feeliiee?l o' SnaRyd i dhe MTRLPUnSIM, shE Sl e ", ¥
exanpl e, bgereratedt ymab peashtaboub i Obyl/eirs yod tsample mpovided fo s lonasorambee ect or
(i e, theyagtinal i oRisLanglia el BR85! MedaApl AB0LBY, ICoRELPRIRL 1
response to a detector response val ue of ¢C ange 1'n a %et ector response val ue
of the detdeteciorsapaybscldeast abddvad) uL/nd1.89 B abat 500anh/mim; bheny kegeploar y

hodi " . : . vy
canpl e of g B b anbangt AL barE e amee pRRRRLRG e b6 PRBRLE B
from a chrdetettoyy mpiypecat] least & ularinr 6@ ge/miat 70 ehdninpAe ulidtiec O0rulimiat i s

capabl e of | Mzl a ek : ansfers
anal 1 quot LR O el " e Sallild kiévdhe fBHIoRa NS bl ¥FIntfe b O

wi t hout substharigual tlyroafategrapmgsystemfliava puidgeansiersdeice pegitibriedrioufghid t he fir st
fluid path. The flow of the fluid through the first fluid path may be
substanti.ally lam nar, due to the first fluid path or channel being
substantially |inear or straight through at | east a portion of the valve. In a
further exenplary enbodi nent, the presgﬁre of the fluid through the first
fluid path remains substantially constdant and/or it does not substantially

i ncrease. I n another exenplary enbodinment, the flow rate



Docwt No, W9904) 3 of the fluid may be substantially constant through the
first fluid path. In an alternative exenplary enbodi nent, a second fluid path
is utilized to carry the aliquot sanple of fluid fromthe shuttle valve to the
det ect or ( Spocketid@vebdoow of fluid through the second fluid path may be
substantially | am nar due to the second fluid path or channel being

subst ant | abéMnH;fbg%n Rith Stﬁcf]éi @8kt ddy G’é’rgif?\oft Th@ﬁénﬁ t%n@ [ defiBe Pha OJ Eﬁlﬂﬂél ve. In

an exenplary e pressure o lurd t roug the sec uid path
i s subst analsiawltl? vatmsaanluttea,rmpwﬂpi orthedke.not substantially increase. In

further ex ry eqﬁ?%ﬂbfﬁﬁphg?ﬁlpﬁnf Eﬁlﬁ(o&l?ﬁ&% e fhéthdy B‘F‘Xn%ﬂgif gséa@%éal ly

const ant t h the second I'n an even npl ary
enbodi nent pfappmhbg Hteps ahaewam a %gnﬁblfr@rrbpne lonirgorasdetectensriormtiawd aphy

| nol udes aofiblratod bt RALR, Yo SN EBIAHEAT & ISRERUBGEGRY o6RbiEH 2 Second

fluid path that carri‘es that is
capabl e of framapl 8ash qﬂeedgt@ﬁi@lr,ean@r@"actmtat hew \aampde tfl’ﬂﬂtmlﬂ rlan%fféﬁo;ﬂoan al i quot

samp! e Of Ediofbrfif AEBoREE td Bhshbid J@gpﬂépwheﬁe. Bt bt Hide RRldRabl | €

mai nt ai ni ng a contl nuous se thr ou e valve. In one
exenpl ary @camnrmﬁamn EL&D sk thewsignal 19 @meraﬂedvfrqﬁratawghhs@ugﬁ of geead¢ruhane val ve

s i nt ai Aadu ARyt R ] ATl aRed ekt TRAPHE GehbRb REn 4T S T ui d

path. In er exenplary e ment, conti nuo firs secon ow pat hs
t hr ough thkghirsawtceeof\ﬁéllwtab@utn’aumWaim@damﬁOBH@Walor quyintegerpirdrastion| uid is

removed f rfh@éﬁ’?% frid %‘gﬁ' o eRQﬁwPIeaﬂge iGRASh&S 5@ eﬁ&afeﬁﬁro?ﬁ%qgfgt Ebikd path,

[0141] I n exenplary e Iments o esent ention aratus for
anal yzi ng ef aldapstabout 1 me\W, @dnw,|35@§va4 m\é{cﬁler Gonect oWt mWi 8 rofer at i vel vy
adapted to @mWe&I gRe or nore sanple fractions in response to one or nore
detector signals from( ) a first detector, (ii) a second detector (or any
nunber of BAdeki onalln adurheraxemplasy embiqd)m@m thetmethpd 0§ enalyizing eciamplelet ect or s

(or any nu%@?‘ﬁﬁns%fs tﬂgdgtépssoaﬁg QbR Q'Sanal RN B! ke o%gcg&rggﬁsi Aghgutl ! zed,

t he appara rise 51 'ect or operativ o col |l ect
a new sanpq:reromamanm systerésmmwmab carn@n@mgea idetestion rpepinse eqrgpenent hat

above 01T Rt 1L TRl B T e e o R o Forcla rat us
for anal yz¢oigcf@ryamﬂp@n%@m)ﬂ|0£@§ga inf thec sigoal; w@ate@@tf@riwmait moge dptacmrs vely
one: det ect iTERY AEpIEALHE KR Qﬁf%?“%&ﬁ?@%ﬁgﬁzsbg‘Qiéﬁ%ﬁ% e or
nore si gnauhgre mydzeh%qrme components present in arge quantities and some components

in small quantities. In this case the detectors must have a large dynamic range.

When the dynamic range is exceeded on the high end, the sample signal amplitude

is so large that a portion of the peak is not seen, the portion above the dynamic

range. If a single sample contains more than one component, where one is within

the detector’'s dynamic range and the other is outside the dynamic range, one of the

components may not be collected properly. A panicular detector's dynamic range

depends on the detection principle and the construction.

[0117] For example, if a detector has a 100 to 1 dynamic range and the

smallest sample amount that will trigger the fraction collector is 100mg, then the

largest sample amount that will not be obscured at the upper detector range is

1000mg (100mg x dynamic range). If a sample contains one component at 200mg

and one at 500mg, the fraction collector will correctly isclate the components. [f one

component is at 1mg and the other is at 200mg, the first component won’t be
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Docket No. WP910-01 exenpl ary enbodi nents, the apparatus for analyzing a
sanpl e conprises additional conputer or rnicroprocessing equipnent that is
capabl e of processing one or nore signals fromat |east one detector and
converti ngpak N eidloNg signal into a signal that is recogni zable by the
fraction collector. In this |ater exenplary enbodi nent, the fraction collector
col l'ects opg %Eeo’mb?ﬁﬂ%r& cfohﬁa%‘nbﬂﬁé ﬁ%%ﬂ]eqo%&ﬁ%%&%narl i 80cth ”tﬂ s from
the additional © oprocessi ng e€qui prmen not on13|

processi ngse@mgloamm@eot maymdtub@ocqllectedcﬂrdawwdrecapmmﬂ wppes potio d;fdheaot ed t hat
any of the egsgri

conpri se aRoro iy DSy B, SETRIRL oAl be FOIASARARNS HEHEEPRY

whi ch may b@o@@daneaglomaawllwmaumm tienupPeyi dhemamiy sange: t b heow ilak Mne or more

system pro i mr(‘%i hown in exenplary |iquid
chr omat ogrQ%%%IS tg’?g?tﬁsgg I n f\a\;@éﬁ:@@&n{ ggg%qlt%nal detector could be positioned
bet ween co[QrtA] 11 arkecettding te onalexempiity @nthodimeEt wee wayhiot ovescaaé Wkis 151 and

det ector 1Bibufdrh ROHO0LRGIn RN o BXRERY 7 the! dail €< ORI BB may ! e 70

in FIG 7,7an ad ona r cou OSI etween co 11 and
shuttl e vahire d5diffaredt dyndwtonwaege sthan tth@ wmrvemmw‘amtmstm@hvaevtbe 171

andi or bet ugkl L Bir¥pliSoldAd ofd 465 E0SRoke et fondiddideseng!

detectors nay i n_exenpl ar
syst ens 80detedtod® of Hd)fwnentrtyp%iscilse §\Vaaid ELE@épdntthw gasefsamath:tahdwmmpl ary

embodi Tent 5, 06 e RAGABEE cORLEMd Aoyl aABARS Wrsed MioBBBYEHAGA AT ©

i ncl udes system har dwar e operat|l enera e a Ssig rom one or
nmor e det ecbothsdatectars! ﬁpna*ammle)r'rﬁaimeg‘trapiwe@ytslnm siriadiesti aptiattablergmowitng a

det ect{ on LEIARESHACAIRNE i kiRARE, BenPhR GKSAHEEH: whf daolestRihon

col | ector operativel to co a new Sa ctron1n response to
a change i hOmpédo éD@@mgﬁ If\/mersecqmd tatettoybagia smadesitaoecipble asyaunénf $emg

oper ati vel y,q By ndd R Uit WO Abpb Al BRbies kibro8BR s e P! ary

enbodi nent s, ?he arrpll ude o e si I"'ectronrcor digital,
opti cal, B@GCmy.c alHowrevet, uihgi combmt:m[‘@114anqpﬁr!mncc@getnpewqeneﬁﬁm@u ApAt where

t he a”p"ts'S&JrRé/ ztﬁ)'aﬁnéﬂn@'}%hgé%f%ﬂ'tB'ﬁdARé!mS e@f%ﬁ%@hﬁ]e"&et e Ivﬁ%%@@s such
nodi fication na chromat ogr aphy system
bei ng oper twd v@ies mﬁaﬁﬂfecerﬁ@ynmwgengm Get exanfplean ELgRanightTieogarate may be
changed usj : 0 t
programred{m{qgh@g%ﬁ&{sh\zﬂiﬁwr?m%mﬁ?rg W%Dgg’?éeq%ggpmh%%gbmll &Henatl cal
mani pul at i witlks diftegert light paih tengttiscat i on. The signal may be changed

el ectronically by changing the el ectronic processing of the signal by anal og
of digital means, for exanple, changing the type or settings for an

oper ati onal anpPi fi éralfection of One or More Sample Fractions

[0119] The methods of the present invention may further comprise using a
fraction collector, such as exemplary fraction collector 14 shown in FIGS. 1-3A and
4-9, to collect one or more sample fractions in response to one or more signals from
at least one detector in a given liquid chromatography system. For example, in
exemplary liquid chromatography systems 10, 20 and 30 shown in FIGS. 1, 2 and
3A respectively, methods of analyzing a sample may further comprise the step of
collecting one or more sample fractions in response to one or more signals from first
detector 13. In exemplary liquid chromatography systems 40, 50 and 60 shown in
FIGS. 4, 5 and 6 respectively, methods of analyzing a sample may further comprise
the step of collecting one or more sample fractions in response to one or more
signals from first detector 13 (or first detector 131), second detector 16 (or second
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[0146] I n an exenpl ary enbodi nent where the anplitude of the signal is nodified
by optical neans, such nodification may be perforned by a |ight source in the
one or nore of the detectors of the chromatography system in one exenplary
enbodi ment o the ARk tude of the signal may be nodified by the chromatography
system bei ng operatively adapted to use a different |light source in each of

t he one or r the. detectors. |n_ another exe e di nent, the

b rude. GReERs 81k A PORGSL AN sraon sy e AZ TR el BB A Aoahfbei ng
oper ati vel yerdemps €81 boddeiy the intensity of a light source in the one or nore
of the detectars. In a further exenpl ary enbodi nent, the anpljtude of the

o gnan iy [E0hoai 118 30BF PHERATY SR alR P Sy base B e Bhelnst 9980 haapt ed
to use mul toiplceorl ibgdiﬁeréwyﬁéﬂaﬂ)t@det@_CI‘bc@?nifzé&ere@@ﬁeoand’r@f&eéé drikecd@iget ors. For
exanple, in the case ﬁL@gBPeva orativ

ht scatterin etector, increasin
Che Pover SR ghlcash APE Sefiniarcald solehb Oadn MOT SAMEN I SCiaRibEBa byt he
sanpl e par bhah@snédr ey sifrss. t I stiahexanepladst @tbadimenide addibseagsempitescat t er ed
l'ight increases the anplitude of .the. signal. 0147LIn an exengla&ﬁee odi nent
where the ShPFIFPRPSERING FAUOMENL|IS |“(§"%ﬁ5’d{]°f PEOGeER OPF (A dNErehEighels i
nmodi fi cati @astBye Betep®i @t nRBsEyLdnie pedvide Rl g riaRliyn Syikdctin Hejcognieasieat i vel y
adapted to vary the amount of sanple transferred to the one o re of the
det oct or s, SIORALGE MSlTUEElE! aS0B SR RE I COlek CarpT Tak SOMbleniagogRal may be
modi fi ed bpasdie ondrTal easrapdiynaly Stopmtheisagitionsr edrhyg@by oadapiopebdedsivgry t he
amount of sanBIe fransferred to the one or nore of the detectors by changing
the flow r &0¥PEE he sanple through the fluid transfer device, in a further
exenpl ary foizeli nentas dibeusaap!dbovdesyaterh kenfpogisals may bbeposnidhed edhbyat he
chronatograﬁh%,s%atgnlbeln%wg er%tlveI%_aaapted to varg the a untépf sanpl e
transf er r e8VED IEHE HFANPY SYFIEIH RIBYIEE O8F O BUOTE YRGB PRESE SR pat h of
me sarr})! ;eeiéémgfggtmﬁt headt! '@ihd Tdéa;bmsdrerrraai,?}fd%e%odit:bn@ohmwn ;eesegnbnr yqlﬂmtoodi gent :
e a |tude O Sl gnal ma e nodlTl e e onma a ystem pel n
bper ot vel SRS SOras Dz ey A By Babiea O3 Medane or - O
][mr ehof t hef d%ﬁmtdmn%ctgwesﬁbm ﬁih!d[ {il)phe sfdémfd;duéﬁm@fﬂamlg}é f@aﬁﬁionlbaisg@f _evgnb
urt her exe ar ennodi t, e Iltude of the sSiIgnha e I.TI e
the. Chr ommbod SEN G ST i g BEPBICr Ve Sta i ST Sy SO R e of
;arrpl e D_Oﬂ'leetpré;]@nt Hh@i&&ﬁpplh%rmﬁuﬁd Et%‘rif@dglbg_retdh? eyterar daﬂmll;ofethad@t ectors
usi ng I nterchangeabl e Ul transter  deylce conponents. h apnot her
ovenpl ary BRBUMARE CoimeobANveD HEC SO 1 feaa) colsc'es BF BY° 1 ne
tchr orr?t ogrg@sby t?ﬁﬁé@mipmmgem@mtdtf \ﬁebhéer?d:@lttﬁm tg@pmﬁa@/apdﬁl@i)ameum%pmﬁ sanpl e
ransterre 0, e one or re o etecror cnangl n er |
Cond: t 1 onccRlediing 3 (STt HRPar basslt cB o St geRGreh i) By UelRe ment
the anpli ltmépoﬂée)tdgeeﬁi tgamabﬁﬁtyzb%emﬁﬂé (;csﬂbrh;‘?é nan@uo?mrsoaéroapéeshmaﬁt em bei ng
operative a ed to var e nt of sa e transferred to the one or
ngre of thébﬂgﬁgi?dyge%vﬁE%5h8Wﬁgggﬁe shape g? size of one or nore components
of the flujodapr ansf i ederiplRy dmbatimenensl ey pesbedinventionbiiizngptwdivkt | e val ve
st one

is used as the flujd transfer deyice, the shape or size of at |le

Shut t1e valee ABEGIOrSPr 8t seshons fieghnGanBSIEy egroTs o JSEsHALGYEk o or

r (r)]t or fha”ﬂ@rlicﬁﬁug:! quotriamgw{?]w @s]?ém ?ié@lrabdpbumﬁictst eaﬂa)fimhrrcmlﬁbﬁlayoror d’gyrpl e) or ]
channel, or combi nations thereof. In ap eyen, further exenplary enmhodl nent, the
ot ude G506 SaighdTormed) o GolabisY Tioothen o CIGHRL ir aliy (&GS RERY ber ng
oper ati vel yetddant(ipthd dete@ion dikegiverdetictof respondeaitd ain tHeestepdf talletivey #ne or
nore of the detectars bg%ﬁhangLng t he sh%ﬁe or size, of at. |east. one conmponent
of one or WIPREJRAIPR BRASROAP ST (€ Shn %OOQPWBO%WB%E%WBWBEH%
conponent stheQfetsireBednsRN 5 kBS tRAf abotk b.00S (dr senhamabdutcias & afrdedstpagase the
anount of saqPIe reachi H t he qet ctor, which in turn increases the anplitude
of the sigﬁ@9ﬁ1ﬁ%§‘€i§ﬁg an apputdS &) aporati ve 1ight scattering detector,

i ncreasing the anount of sanple increases the nunber of sanple particles
reaching the defector optics. This in turpn increases the anount of scattered
light, i ncreasilTErg th%’”?ﬁ%ﬁ)é?mpé’ﬁﬁm(ﬁ)t%@?rﬁt@f&fpl n an exenpl ary enbodi ment
where the anplitude of the signal is nodified nechanically, such nodification
may be perforned by changing the detec%gg design. In one exenplary enbodi nent,
the anplitude of the signal may be nodi*Ti ed by the chromatography system being
operatively adapted to use nultiple detectors having different conponents for
each of the one or nore detectors. |In another exenplary enbodi nent, the
anplitude of the signal may be nodified by the chromatography system being
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[0150] I n an exenpl ary enbodi ment, the apparatus for analyzing a sanple
conpri ses system hardware operatively adapted to generate a signal from one or
i har d i vel d d i | f
nore detectors in a |iquid chromatography system the signal conprising a
det ecti on pR&EpPENEeceoONPonent from one or nore detectors; and a fraction
col | ector operatively adapted to collect a new sanple fraction in response to
a change i sig ; mAE! L i ; i
operati vel gmtgggpt edﬁ?,oe rgenerdgtdg tgﬁ%éér%%wrﬂ/ggn%fﬁﬁl Zggésfﬂg‘"ﬂglﬁgﬁgt?bt@ggt about 2
my. I n thi§-@xeiepl o pepaistalicampoundhevithipla wives simplee diepeatingagn Bbeat | east
about 3 nV, 7 : 0dal]lIn a
further exgﬁrpﬁf%g/ Sgﬁga(/)edi@ndéﬁt%? If%g% 5“6’3%%?“8@”%@%%%% ﬁ@eﬁgﬁpﬁke&tg%mri ses
syst em har eerdittorsegatibodrate -aragieat ete) ganeeased.a signal from Docket No.
V9910- 01 Oﬂﬁsz mor & dgheet 9f $.J &l%hh%bﬁpﬁhﬁs‘éﬁ%%é%ﬂ@é’erﬂ Affbn L Nf si gnal
conprising a detection response conponent” fromone or nore detectors; and a
fraction coenessk ctnyopelyaervel ynaigapeebaesl oormalcphaseneirversapl Bhdseadonon in
response tgyaah é,“&fﬁniy) hgﬁ%gﬁpgie%téhé%%,% répﬁié ib&%&ioﬁ?{nﬁ%@ﬁﬁﬁ&@@ﬁé{ system
is operatively ddapted to collect the sanple traction of less than or equal to
about 100 sige excludiors eolenms angy ebdoeladem | thehpresanfplirventiont | dxeowlargct ed may
be less th : b : ti a . or any
i nt eger or%%ﬁﬁ%ﬁ%@%@f%ﬁ%?@@aﬁ?y E{Egrr%réggﬂr;gﬁet?’ ?ﬁghggn%"laggqieacti on
col l ected frey Kyatesbavisem Biscevrral Scienegouindso thg, tedengamee MYDASU,ng, 50
"y, 40 L1lGRaErESOZITID. CAVIGHS OF ALEFRIAT ! MSIORTEIP! aRAGHEgRETENt . the
detector(s) may include desté; uctive and non-destructive detectors. For
exanpl e, th¥E ct and BENMY , iasovalicks ethen simar eompaniesdet ect or, at | east one
evaporativ Eght s I t QL ; D, romet er
(M), at | A???one ﬁh%@%ggg llc gﬁ)tbﬂt% eag% F’ISF?%\’PS@%’ &s@gtﬁ Feﬁéﬁgﬂggft%g't’%e?&( CNLSD) ;
at | east oieeriinnenaSulieglsh arapile dehaset eempanente dseludmebutefireadiot Jienitleddiex det ect or
(RID), at : e fepee c F I ne ir et ect or
(CD), at Iéegég(t%gﬂr)lée] eq‘l éeﬂét??@%hem%baﬁﬁlggt ée%t%[%’ ( tfgﬁ%r %g:%on%bn%ﬁ%t?h%gt her eof .
[0152] | n aleahwdrobxamptiieipiarih diixaaat methanohpigeprapylsalceiolawateyz etignal, sanpl e
conpri ses gmgrg,ygmm&@e%@@wel y adapted to generate a signal fromone or
nore detectors in a liquid chromatography system the signal conprising a
detection response conponent fromone or nore detectors; and a fraction
col l ector operagti yellyseggaﬁﬁ%'g@ﬁol lect a new sanple fraction in response to
a change in the signal; erein e liquid chromatography systemis
oper at i vel P188hpt ed The weHwdat of ahalyaingraalsafmptemimting ewesendboyantis0 mewi n, of
sanpl e proyi - r i i i ment,
t he sanpl ewgﬂ ge?%@%ﬁétégoﬁgr @8&%*%0%%%@%@?%%@%&9E%eg)ﬁrgttgﬁ %Q%‘e)s/\{v a g%t 40
uLt ni n up eomarsosrstgoEoMpaments efra ayid ichtasegipgrephy sygieinoFarexaewle,ithe t hi s
range. For |, : i i t act .may be at
| eact 50 PEERER iaralaing aByely Mey eihprte ot Gofoft of Flerol GG ik, T
greater. Thpudiag® samplg ible the dulidechromatageanbiyesysiemrinrgestintoe edipisting ane he 1 qui d

h ‘ ' . Lui _ . Ao ; .
communi oot { ot YRR 8. Aok i et ABSLRNGE WARRRRS, TSl ohdot IS oy
i ncl ude a edopaneats, afithis, the systemy programmingpat tpast hee ldekestor] ©1gJ)drateaa f ur t her
exenpl ary sgbadifegty, g%sﬁgﬁ%é‘ﬁw%aﬁﬂél é@@r\t?{éh@?t @rkg%%ea&sm bR&Prsystem

har dwar e opératively adapted to generate S
more detector responses from one or more sensors and/or detectors; programming

one or more system components (other than a detector) to generate a signal based
on a desired mathematical algerithm that takes into account one or more detector
responses; programming a fraction collector to recognize a signal (e.g., a single or
composite signal) from at least one detector, and collect one or more sample
fractions based on a received signal; programming one or more system components
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Docket No Wj910-01 one or nore detectors hi a liquid chromatography system
the signal conprisintdetection response conponent fromone or nore detectors;
and a fraction collector operatively adapted to collect a new sanple fraction
i N responseeteNedvdfiange in the signal; wherein the one or nore detectors
conprises an ELSD and the signal is generated froma |light source of greater

h b ] d
from a1 ofeneiifen o rPicn EHRRRN P R8BS Fhooiie SLAH Giomay 16t 30<T . Cer
or fracti ofetehtor.cashver thehinsominggrignatinto @Mﬁﬂi tgcoghigakle gingl preegssibée peaer at ed
froma li 9ﬂEg%&i%BBmtthétQﬁétfra%ﬁ%[i%%cﬂ}fvls 206 éﬁllgqu% Mg SabflY 6 MV 7

rriw 8 anot her exenpla enbodi nment, the
appar at us fregticnsdiaped g irpd diep) @ec;mmn rBYe YFeMeerMpeRns; @nd@@tlmtinaélry adapt ed

to generat gy &cﬁhﬂ‘f&‘hné o?%&r&’%y&re &?érﬁ§£é’gs d féea\/a'll\}eq‘é' ér’Ph‘&Pf gﬁmgogr aphy

system t he si IOI’l r onse conp ne Oor nore
det ectors; slawttie atalfvreama dﬁte@tﬂr) @t:@ dﬁsmtlmﬁ cven ye@nm;ssetq aoma:@ﬂhaeactwaty new

sanpl e fra%thlﬂnthér\gw %tobglgﬁg%pgﬂrégwe% g de%ft(?ﬂ%gp e(fl 48 dd' thyo or m)re

detectors rise erent m' ranges.

this exenpbaﬁryltfm@baaﬂ?rﬂrent, t he detectors may i ncl ude destructl ve and
non-destructive detectors. For exanple, the at | east one detector nay be
selected fromat |east one UV detector, at |east one evaporative |ight
scat t eri ngfldet e/&mﬂra(usu‘@mnafmngéa@p!e@ne mass spectroneter (MS), at |east one

condensat | gﬂg'?j;f' eat#h%’}?rle‘s&ﬁtm\?é?ﬁnbh 64 LY JRLRG O arl gﬁﬁea??)&s aﬁgl étuQ”e corona

di schar ge east one refractive 1ndex CTC | east one
f | uor escencempenants capabiDpf anglyinghs sampke wlvapabledd ceotributiggio)the anaIV@ast one

el ect rochep n%@édnﬁr@tu.fé%gﬁné ?P)woreréf tﬁ‘é‘&b&%‘@éé&ﬁbé&%eﬁﬁtﬁd &?é%e' N anot her

exenplary e nore detectors na mul tiple detectors
of the san®188pe wi tAs dﬁa‘cﬂbe@@bow@mamomer@rﬁg@r@arysemho@menmf tbgaesant nultiple

ELSDs h i t, th

two o mor LYl 8 el Mrare RS, supRiRel EbnPHETH BohrGRABABRP" 0o

wi th di ff eegamnd{jirartee hawmg@sflrswﬁm aélrstmtlemlsecom:t outledd(ii) arfeacosD and one
W det ect OEolt@h%o'P nﬁ"ﬂubecro‘ﬁ%ur‘?\ it OGS ol t%’f‘tr‘r“e" lgw {:*ﬁ?srtd% mRligry

enbodi nment nore detectors nay |nc ude a one tector havi ng
two or rmr&urdocrmnummtm ffitbr et smmdne@tlatamg‘@@, tesuandaly) & splittstapgne, an

ELSE) w t\up@i&%ep't tl?xp tdeiﬂf nﬁﬂb‘ﬁ: ﬁanh?a}fh Qﬂe$ H)r‘?d S0fiet 8 {e%VErl:c'F rthé"hr% W

det ect or i ow ce s havi ng erent pat engt hs
Docket No. dgtgcior @ith [tioeL splittar pumpdreing opsiatinslcadantgd m/@mlvabw@ntr@lrfbumﬂﬂwS nay be

ed in th n
Chr ot ogrﬁpﬁ%"%’gﬂ&?m%g@g CERE $ERbir Fioions 46 fiseh WRMen s oy 1
t he appar asmgtle)waln/ﬁen@y §eutfied; lnv@a@e oha ’@a(spamrepwbmmhmnpp ta\astivelyl e

chr omat ogr i are not limted to, chromatography col ums
avail abl e from @ggtwo&%éﬁﬁgetggﬁlery Sci ences (Deerfield, IL) under the

trade desi 28] ons GRAGEPFUREXNMShGRACERESGEVTIVE, \AVPAGE rtjweaabodeﬂibed) :

apparatus (e.g., exemplary liquid chromatography systems 10 to 90) or apparatus
components may further comprise system hardware that enables (i) the recognition
of a detector response value or a change in a detector response value, (i) the
generation of a single from the detector response value or a change in a detector
response value, (iii) the sending of a signal to one or more system components, (iv)
the recognition of a generated signal by a receiving component, (v) processing of the
recognized signal within the receiving component, and (vi) the initiation of a process
step of the receiving component in response to the recognized signal.
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B. Detectors 10157] Any known detector may be used in the apparatus of the
present invention. Suitable commercially available detectors include, but are
not limted to, UV detectors available from Ccean Optics (Dunedin, FL) under
the trade gesignabign US6 20001"; evaporative |ight scattering detectors
(ELSDs) avail able from G ace Davi son Di scovery Sciences (Deerf ield, IL) under

the trad j t 330 T t t 1S l.abl f

Wt er s cor BORRET an (T BoPETRY A ER, 0¥ ShbATHL Tl APy Ridig™ © from

condensalt i momwgeamyosydterﬁbtﬂlstmeopor aggidet epparatuy Ehhp&is)x ma;agdr&telrr] e from
nt (B t 5001": r

Soront ors. PoRpiSe S Hardire shoa bR L HBfRe iR Pol an AR ag ™ o°

desi gnatolO oo @Wp@ﬁ[ﬁbﬂ asemawhlvgetol i)daeﬁvaietmgmmr bE&j{nB&)r ggf?“jjl \mlh}ee from

Wat er r por on unde nati on and

(P or esconit et B e oty ln PERhutER Al dinERoidhEne & Ao naldy pa

under the prreashere(mﬁlrgsaﬁltmlsﬂmt@ﬁé\ﬁhﬁﬁﬂ' hut[l@ﬂtﬁ%lcn (&pamy mhmh’afwofqnb@dl rrents

a cormerm

| gbl d
Cpeci 11 obbeCoBERlh JoNcub bEShTentind Reu Guite i are SPHIBIE! 87 AT e of 1 he
above- descvalbegositdh) Gty split@spohp bhehyitlessing preveer, (iDair fres§ireitd bevalvePunps

0159] Any kn spli ter be used in the apparatus of the present
vent | on. SSH Aak Bambiiel o B Bty o 'tter punps i P

i nventi on. vai |l abl e splitter punps include, but are not
linted I:gma@ea} No. IN\%&@-ékenhpiarysq)hibddmemsuHp@l;aaaabmmbiraa;f berpoKNEnéfm ent on,

NJ) under e(\?vetern %d edgr?cli %nfars{ 8etec og("se% IYlor exampleaggl etrlp%m\[/) 1¥%%5it§oned
between tee 12 and first detecior 13 in FIG. 1}. In other exemplary embodiments, a
first detector may be positioned between a tee and the splitter pump (see, for
example, first detector 13 positioned between tee 12 and splitter pump 15 in FIG. 2).
[0132] In other exemplary embodiments, the apparatus of the present
invention comprise (i) a chromatography column; (ii) two or more detectors; and (iii)
a fraction collector in fluid communication with the two or more detectors with the
fraction collector being operatively adapted to collect one or more sample fractions
in response to one or more detector signals from the two or more detectors. In
some exemplary embodiments, the two or more detectors comprise two or more
non-destructive detectors (e.q., two or more UV detectors) with no destructive
detectors (e.g., mass spectrometer) in the system.

[0133] When two or more detectors are present, a splitter pump or shuttle
valve may be used to split a volume of fluid flow between a first detector and a
second detector. In other exemplary embodiments, a splitter pump or shuttle valve
may be used to initiate or stop fluid flow to one detector in response to a detector
response from another detector. In addition, multiple splitter pumps and/or shuitle
valves may be used in a given system to actively control fluid flow to two or more
detectors.

[0134] As discussed above, the apparatus may further comprise system
hardware that enables generation of a detector signal from one or more detector
responses. In one exemplary embodiment, the apparatus comprises system
hardware that enables generation of a detector signal that is generated in response

41



[ 0160] Any known shuffle valve may be used in the apparatus of the present

I nvention. Suitable comercially avail able shuttle valves include, but are not
limted to, shuttle val ves avail able from Val co (Houston, TX) under the trade
desi gnat i opeceHEMNERTTM Rheodyne shuttl e val ve avail able from I dex

Cor poration under the trade nanme MRA@and a continuous flow shuttle val ve as
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be used in the apparatus of the present inventian uitable comrercially
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col l ector gaybinaeend @orhsrleﬁh'g bt |daBt Qy Sest lE&stAY. fpﬁéfb%i@mq{arﬂ%:% dliswbb?
above- descrlbed met hod steps of the present inventi raction

col | ect or s fYrigf CSF‘@”%%WP%? @pna%rm Elerng fapebiities g}'fﬂtsa@@ ibsi2he C{gﬁ%cess one

or nore sigpahandd Wslabe laags tiiiposiohahg & ﬂfresr@md@tebﬂoeeésp@ﬂee oamavére(nganpl e
fractions based on the one or. nore signals are not conmerci a E(/)Paval abl e at

this tine, a@bﬁ%‘ﬂ?@ﬁ’“%ﬁf (eipdiii) guardimem i YrinasRh a6 khrRges 18 (¥ slopRélatali rect ed
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i nstructions for perf orrraI one or nore of the above-described net hod st eps.

For exanpl 80 EBDEBHAY PEY) 1P SHLZYN POSHDIRHIPISRINE SV EofeEiREFasBANSE.
conput er - exage} abl e |hNgLRiEdAGS sietbmsadysehi Mdrdware may also be used to

enable the generation of a composite signal comprising a detection response
component from each detector, as well as detection response components from
multiple sensors within a given detector. In these exemplary embodiments, the
system hardware is operatively adapted to send a command/signal to a fraction
collector instructing the fraction collector to collect a new sample fraction in response
to a change in the composite signal. The composite signal may comprise a
mathematical correlation between (i) a detector response value, (i) the slope of a
given detector response as a function of time (i.e., the first derivative of a given
detector response), (iii) a change in the siope of the given detector response as a
function of time (i.e., the second derivative of the given detector response), or (iv)
any combination of (i) to (iii} from each detector. For example, the composite signal
may comprise (i) the product of detector response values for each detector at a
given time, (ii) the product of the first derivatives of the detector responses at a given
time, (iii) the product of the second derivatives of the detector responses at a given
time, or (iv) any combination of (i) to (iii).

[0136] In one desired configuration, the apparatus for anaiyzing a sample
comprising at least one detector operatively adapted o observe a sample at two or
more specific optical wavelengths (e.g., within the UV spectrum), and system
hardware that enables a fraction collector to collect a new sample fraction in
response to (i) a change in a detector response at a first wavelength, (ii) a change in
a detector response at a second wavelength, or (ii) a change in a composite
response represented by detector responses at the first and second wavelengths.
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one or nore settings (e.g., flow settings, wavel engths, etc.) of one or nore
conponents within the system generating a signal based on a desired

mat hemati cal algorithmthat takes into account one or nore detector responses;
recogni zi ngeciat Meivgalor from at | east one detector; collecting one or nore sanple
fractions based on a received signal; recognizing an incomng signal from at
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one or nore system’'conponents tee va a splitter punp, a shuttle
val ve, or ée’f@étoé&:tor) at a desi red ti rre or in response to sonme ot her activity

wi thin the idc p r £sp
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phar maceut Bfﬁ@t t;i/ddePHé*éécto?fadth é}%"ﬁémlf?at?éwal%t fhat Emg'ésfraction collector to
collect a new sample fraction in response to (i) a change in any one of the n detector
responses at the n specific optical wavelengths, or (ii) a change in a composite
response represented by the n detector responses.
[0138] When a splitter pump or shuttle valve is present to actively control fluid
flow to at least one detector, the apparatus for analyzing a sample may further
comprise system hardware that enables generation of an activation signal to the
splitter pump or shuttle valve to (i) activate the splitter pump or shuttle valve, (ii)
deactivate the splitter pump or shuitle valve, (i) change one or more flow or
pressure settings of the splitter pump or shuttle valve, or (iv) any combination of (i) to
(iii). The activation signal may be generated, for example, by a system operator or
by a system component, such as a detector (i.e., the activation signal being
generated and sent by the detector in response to a detector response value or
change in a detector response value of the detector as discussed above).
[0139] In an even further exemplary embodiment according to the present
invention, an apparatus for analyzing a sample of fluid using chromatography
includes a first fluid path of effluent from a chromatography column or cartridge; at
least one detector that is capable of analyzing the sample of fluid; and a shutile
valve that transfers an aliquot sample of fluid from the first fluid path to the
detector(s) without substantially affecting the flow properties of fluid through the first
fluid path. The flow of the fluid through the first fluid path may be substantially
laminar, due to the first fluid path or channel being substantially linear or straight
through at least a portion of the valve. In a further exemplary embodiment, the
pressure of the fluid through the first fluid path remains substantially constant and/or
it does not substantially increase. In another exemplary embodiment, the flow rate
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[ 0165] The present invention is further illustrated by the foll ow ng exanpl es,
which are not to be construed in any way as inposing limtations upon the
scope thereof. On the contrary, it is to be clearly understood that resort nmay
be had to yardRUmeRlbher exenplary enbodi nents, nodifications, and equival ents
t hereof which, after reading the description herein, may suggest thenselves to
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first fluid path and transferred to the second fluid path.

[0141] In exemplary embodiments of the present invention, the apparatus for

analyzing a sample further comprises a fraction collector that is operatively adapted

to collect one or more sample fractions in response t0 one or more detector signals

from (i) a first detector, (ii) a second detector (or any number of additional detectors),

or {iii) both the first and second detectors (or any number of additional detectors).

When multiple detectors are utilized, the apparatus may comprise a fraction collector

operatively adapted to collect a new sample fraction in response to a change in a

composite signal that accounts for one or more detector responses from each

detector as described above.

[0142] As discussed above, in some exemplary embodiments, the apparatus

for analyzing a sample comprises a fraction collector that is operatively adapted to

recognize, receive and process one or more signals from at least one detector, and

collect one or more sample fractions based on the one or more signals. In other
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(avail able from M dwest Laser Products, Inc.) in the ALLTECH ELSD (" System
C'), and also a 10 rnWlaser (available from M dwest Laser Products, Inc.) in
the ALLTECI e ELSD ("System D'). The same separation process is conducted as in
Exanpl e 1 fQka@nbggolhe caffeine sanple. The results shown in FIG 12
denonstrate that the System C ELSD di spl ays a response two to three tines that
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Table 1 Respon
mare 5|gnals from the additional computer or microprocessing equipment, not from

signal processing components of the fraction collector.

[0143] It should be noted that any of the above-described exemplary liquid
chromatography systems may comprise any number of detectors, splitter pumps,
tees, and shuttle valves, which may be strategically placed within a given system to
provide one or more system properties. For example, although not shown in
exemplary liquid chromatography system 60 in FIG. 6, an additional detector could
be positioned between column 11 and shuttle valve 151 and/or between shuttle
valve 1581 and detector 161. Although not shown in exemplary liquid
chromatography system 70 in FIG. 7, an additional detector could be positioned
between column 11 and shuitle valve 151 and/or between shuttle valve 151 and
shuttie valve 171 and/or between shuttle valve 171 and fraction collector 14.
Additional detectors may be similarly positioned within exemplary liquid
chromatography systems 80 and 90 shown in FIGS. 8 and 9 respectively,

[0144] In exemplary embodiments of the present invention, an apparatus for
analyzing a sample includes system hardware operatively adapted to generate a
signal from one or more detectors in a liquid chromatography system, the signal
comprising a detection response component from one or more detectors; and a
fraction collector operatively adapted to collect a new sample fraction in response to
a change in the signal; wherein the liquid chromatography system is operatively
adapted to modify the amplitude of the signal. In some exemplary embodiments, the
amplitude of the signal is modified by electronic or digital, optical, mechanical or
fluidic means.

[0145] In an exemplary embodiment where the amplitude of the signal is
modified by electronic or digital means, such modification may be performed by a
component of the chromatography system being operatively adapted to change the
gain of the signal. The gain may be changed using computer software or a
computer readable medium, which is programmed to adjust the signal level by
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mathematical manipulations, such as multiplication. The signal may be changed
electronically by changing the electronic processing of the signal by analog of digital
means, for example, changing the type or settings for an operational amplifier.
[0146] In an exemplary embodiment where the amplitude of the signal is
modified by optical means, such modification may be performed by a light source in
the one or more of the detectors of the chromatography system. In one exemplary
embodiment, the amplitude of the signal may be modified by the chromatography
system being operatively adapted to use a different light source in each of the one or
more of the detectors. In another exemplary embodiment, the amplitude of the
signal may be modified by the chromatography system being operatively adapted to
vary the intensity of a light source in the one or more of the detectors. In a further
exemplary embodiment, the amplitude of the signal may be modified by the
chromatography system being operatively adapted to use multiple light sources in
each of the one or more of the detectors. For example, in the case of an
evaporative light scattering detector, increasing the power of the light source
increases the amount of light scattered by the sample particles as they pass through
the detector. The increase in scatiered light increases the amplitude of the signal.
[0147] In an exemplary embodiment where the amplitude of the signal is
modified by fluidic means, such modification may be performed by the
chromatography system being operatively adapted to vary the amount of sample
transferred to the one or more of the detectors. In another exemplary embodiment,
the amplitude of the signal may be modified by the chromatography system being
operatively adapted to vary the amount of sample transferred to the one or more of
the detectors by changing the flow rate of the sample through the fluid transfer
device. In a further exemplary embodiment, the amplitude of the signal may be
modified by the chromatography system being operatively adapted to vary the
amount of sample transferred to the one or more of the detectors by changing the
flow path of the sample through the fluid transfer device. In another exemplary
embodiment, the amplitude of the signal may be modified by the chromatography
system being operatively adapted to vary the amount of sample transferred to the
one or more of the detectors by using multiple fluid transfer devices. In an even
further exemplary embodiment, the amplitude of the signal may be modified by the
chromatography system being operatively adapted to vary the amount of sample

46



0.

65

Docket No. W9910-01

transferred to the one or more of the detectors by using interchangeable fluid
transfer device components. In another exemplary embodiment, the amplitude of
the signal may be modified by the chromatography system being operatively
adapted to vary the amount of sample transferred to the one or more of the
detectors by changing operating conditions of the fluid transfer device. In a further
exemplary embodiment, the amplitude of the signal may be modified by the
chromatography system being operatively adapted to vary the amount of sample
transferred to the one or more of the detectors by changing the shape or size of one
or more components of the fluid transfer device. In an exemplary embodiment
where a shuttle valve is used as the fluid transfer device, the shape or size of at
least one shuttle valve rotor or stator, the shape or size of at least one stator or rotor
chamber (e.g. the sample aliquot volume transfer chamber or dimple) or channel, or
combinations thereof. In an even further exemplary embodiment, the amplitude of
the signal may be modified by the chromatography system being operatively
adapted to vary the amount of sample transferred to the one or more of the
detectors by changing the shape or size of at least one component of one or more
splitter components, shuttle valve components, or pump components, or
combinations thereof. All of these modifications increase the amount of sample
reaching the detector, which in turn increases the amplitude of the signal. For
example, in an evaporative light scattering detector, increasing the amount of
sample increases the number of sample particles reaching the detector optics. This
in turn increases the amount of scattered light, increasing the signal amplitude.
[0148]In an exemplary embodiment where the amplitude of the signal is modified
mechanically, such modification may be performed by changing the detector design.
In one exemplary embodiment, the amplitude of the signal may be modified by the
chromatography system being operatively adapted to use multiple detectors having
different components for each of the one or more detectors. In another exemplary
embodiment, the amplitude of the signal may be modified by the chromatography
system being operatively adapted to use interchangeable detectors, or their
components, for each of the one or more detectors. For example, a system might
incorporate two evaporative light scattering detectors each with a different power
light source. The detector with the higher intensity light source will generate the high
amplitude signal relative to the detector wit the lower power light source.
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[0149] In another exemplary embodiment, the amplitude of the signal may be
modified by changing the physical characteristics of the sample reaching the
detector. For example, in an evaporative light scattering detector, larger particles
scatier more light than smaller particles and smaller particles contribute to noise that
can mask the sample signal. These particles are produced at the nebulizer and
changing, for example, the nebulizer gas flow rate, the nebulizer gas type, the
nebulizer liquid flow rate, the nebulizer liquid type, the nebulizer design or type will
change the size of particles that produced. For example, cross-flow nebulizers or
concentric nebulizers may be used. Larger particles scatter more light, increasing
the signal amplitude. In a further exemplary embodiment, a higher amplitude signal
is generated by removing the small sample particles from the aerosol stream so that
only the larger particles reach the detector. The smaller particles may contribute to
background noise that interferes with the signal generated by the larger particles.
Removing these smaller particies increases the amplitude of the signal. Impactors
of various types and designs known in the art may be used to selectively remove the
smaller particles before they reach the detector. Flat plate impactor, screen
impactors, spherical impactors, elbow impactors, three dimensional impactors, or
other non-linear flow structure impactors, or combinations thereof may be used. In
another exemplary embodiment, the size of the particles may be modified by
changing the evaporation characteristics. For example, changing the temperature in
one or more of the aerosol zones (nebulizer, drift tube, optics block, exhaust block)
may bias sample particles to a larger size increasing signal amplitude.

[0150] In an exemplary embodiment, the apparatus for analyzing a sample
comprises system hardware operatively adapted to generate a signal from one or
more detectors in a liquid chromatography system, the signal comprising a detection
response component from one or more detectors; and a fraction collector operatively
adapted to collect a new sample fraction in response to a change in the signal;
wherein the liquid chromatography system is operatively adapted o generate an
amplitude of the signal of at least about 2 mV. In this exemplary embodiment, the
amplitude of the signal may be at least about 3 mV, 4 mV, 5 mV, 6 mV, 7 mV, 8 mV,
9 mV, 10 mV, or more.

[0151] In a further exemplary embodiment, the apparatus for analyzing a
sample comprises system hardware operatively adapted to generate a signal from
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one or more detectors in a liquid chromatography system, the signal comprising a
detection response component from one or more detectors; and a fraction collector
operatively adapied to collect a new sample fraction in response to a change in the
signal; wherein the liquid chromatography system is operatively adapted to collect
the sample fraction of less than or equal to about 100 mg. In this exemplary
embodiment, the sample fraction collected may be less than or equal to about 100
mg down to at least about 0.1 mg, or any integer or fraction thereof in this range.
For example, the sample fraction collected may be less than or equal to about 90
mg, 80 mg, 70 mg, 60 mg, 50 mg, 40 mg, 30 mg, 20 mg, 10 mg, or less. In this
exemplary embodiment, the detector(s) may include destructive and non-destructive
detectors. For example, the detector(s) may include at least one UV detector, at
least one evaporative light scattering detector (ELSD), at least one mass
spectrometer (MS), at least one condensation nucleation light scattering detector
(CNLSD), at least one corona discharge detector, at least one refractive index
detector (RID), at least one fluorescence detector (FD), at least one chiral detector
(CD), at least one electrochemical detector (ED), or any combination thereof.

[0152] In another exemplary embodiment, the apparatus for analyzing a
sample comprises system hardware operatively adapted to generate a signal from
one or more detectors in a liquid chromatography system, the signal comprising a
detection response component from one or more detectors; and a fraction collector
operatively adapted to collect a new sample fraction in response to a change in the
signal; wherein the liquid chromatography system is operatively adapted to generate
the signal from at least about 30 ul/min. of sample provided to the one or more
detectors. In this exemplary embodiment, the sample provided to the one or more
detectors may be at least about 40 uL/min up to about 500 uL/min, or any integer or
fraction thereof in this range. For example, the sample provided to the one or more
detectors may be at least 50 ul/min, 60 uL/min, 70 ulL/min, 80 uL/min, 90 uL/min,
100 ul/min, or greater. The sample may be provided to the one or more detectors
in the liquid chromatography system via a fluid transfer device positioned in fluid
communication with the at least one detector. The fluid transfer device may include
a shuttle valve, a splitter, a pump, or the like.

[0153] In a further exemplary embodiment, the apparatus for analyzing a
sample comprises system hardware operatively adapted to generate a signal from
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[01701Whi l e the invention has been described with a Iimted nunber of

exenpl ary enbodi nents, these specific exenplary enbodi nents are not intended
tolimt the scope of the invention as otherw se described and cl ai ned herein.
It may be guit@Ntwi@: t hose of ordinary skill in the art upon review of the
exenpl ary enbodi nents herein that further nodifications, equivalents, and
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scattering detector (ELSD), at least one mass specirometer (MS), at least one
condensation nucleation light scattering detector (CNLSD), at least one corona
discharge detector, at least one refractive index detector (RID), at least one
fluorescence detector (FD), at least one chiral detector (CD), at least one
electrochemical detector (ED), or any combination thereof. In another exemplary
embodiment, the two or more detectors may include multiple detectors of the same
type with different dynamic ranges, such as, for example, multiple ELSDs having
different dynamic ranges. [n another exemplary embodiment, the itwo or more
detectors may include multiple detectors of the different types with different dynamic
ranges, such as, for example, at least one ELLSD and one UV detector with different
dynamic ranges. In an even further exemplary embodiment, the two or more
detectors may include at least one detector having two or more zones with different
dynamic ranges, such as, for example, an ELSD with multiple light sources having
different power levels, or a UV detector with multiple flow cells having different path
lengths, or both.
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3. The nethod of Caim1, wherein the anplitude of the signal is nodified by
changing the gain of the signal using a conponent of the chronmatography system
4. The nethod of Claim1, wherein the anplitude of the signal is nodified by
conput er sBfckeliler¥e0! a conput er readabl e nedium 5. The nethod of Claiml,
wherein the anplitude of the signal is nodified by optical neans. 6. The net hod
of C ai m 1[0on\sBégr ei n A Inemdeplof tocienentiallyhavailaglzatonmsonspd iagdebysart ini it sour ce
in the one_or rrfre ?f the detect.ors o(ﬁ t he chromat ography system 7. The net hod
of C ai m 12PRHEMS A HHBIEIADY PYRIHE" 3f HLSHYRUPYi s nodified by using a
different |light source in each of the one or nore of the detectors of the
chromat ogr aphy syste 8. The metgr*?:od of Claim1, wherein the anplitude of the
signal is nodified b eRg ’"?fg'yt U’Tnﬂfensity of a light source in the one or
more of thf1ge] ect ormyokndwreclrbmataragnagdiymaysiebe used in the apparatus of

the present invention. Suitable commercially available chromatography columns
include, but are not limited to, chromatography columns available from Grace
Davison Discovery Sciences (Deerfield, [L) under the trade designations
GRACEPURE™, GRACERESOLV™, VYDAC® and DAVISIL®,

B. Detectors

[0157] Any known detector may be used in the apparatus of the present
invention. Suitable commercially available detectors include, but are not limited to,
UV detectors available from Ocean Optics (Dunedin, FL) under the trade designation
USB 2000™: evaporative light scattering detectors (ELSDs) available from Grace
Davison Discovery Sciences (Deerfield, IL) under the trade designation 3300
ELSD™; mass spectrometers (MSs) available from Waters Corporation (Milford,
MA) under the trade designation ZQ™; condensation nucleation light scattering
detectors (CNLSDs) available from Quant (Blaine, MN) under the trade designation
QT-500™; corona discharge detectors (CDDs) available from ESA (Chelmsford, MA)
under the trade designation CORONA CAD™, refractive index detectors (RIDs)
available from Waters Corporation (Milford MA) under the trade designation 2414;
and fluorescence detectors (FDs) available from Laballiance (St. Collect, PA) under
the trade designation ULTRAFLOR™.

[0158] In some exemplary embodiments, a commercially available detector
may need to be modified or programmed or a specific detector may need to be built
in order to perform one or more of the above-described method steps of the present

invention.
C. Splitter Pumps

[0159] Any known splitter pump may be used in the apparatus of the present
invention. Suitable commercially available splitter pumps include, but are not limited
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Docket No. WM 0-01 9. The nethod of Caim1, wherein the anplitude of the
signal is nodified by using nultiple |ight sources in each of the one or nore
of the detectors of the chromatography system 10. The nethod of Caim1l,
wher ei n t hg,amplwdkidde of the signal is nodified by fluidic neans. 11: The

met hod of Caim1l, wherein the anplitude of the signal is nodified by changing

t he anount , of . s r r f e s _of the
chr omat ogr SrPTESE pbS HBIRE Horh 3 TR Y e? e BB
actively cbidUipl MIG'F@OW.ui d flowto at | east one detector in the liquid
chromat ography systemvia a fluid transfer device positioned in fluid
communi cation with the at | east one detector. The nmethod of Claim12,

wherei n the anpPit udéhuwife Vawesi gnal is nodified by changi ng the anount of

I f d h
Syt em combiee ng.cra By ulte TS nity 8 GoetECbiobaftind BEwIHBSRH 07, 2P
t_rans:‘e_r d’mwbptin_n. SuitabTmeommemwcﬂvaﬂmtaeﬁhmE vatves diatudeh bubiamel natdicktedf t he
sighal 1S ,%hutf%dvéwescwa[lfég%gg&ﬁ%ev@gggggﬁéﬁn S?ﬂPhﬁdérrtﬂeﬁFaederEég%grﬁaéibﬁe one or

nore of the’derectors o foma System conpri sing I'ng the
fl ow path GHENNMESATHS) BhedtyoaGkhuttie vhivei avatiatia $oer Idge\Garporatiass undéraheet hod of

Claim12, Lot a it t | ﬁ’lﬂ?l i | f4 .changi ng t he
anount of ﬁ%ﬁ%ﬁéﬁ'ﬁ@ﬁéf gﬁ!rjgddéggmﬁ]ues fI(%ﬁ"’e&‘or mar]\ées%@%%[bggthgg Irg‘rs of the
chr omat ogr aphy system conprising using nmultiple fluid transfer devices, 16.

The net hod of aim : i he anplitude of the signal is nodified by
changi ng t he a%‘unt %’%Cnsoyrr%?@c{brréansferred to the one or nore of the detectors

of [0161] Any known fraction collector may be used in the apparatus of the
present invention. Suitable commercially available fraction collectors include, but
are not limited to, fraction collectors available from Gilson (Middleton, WI) under the
trade designation 215.
[0162] In some exemplary embodiments, a commercially available fraction
collector may need to be modified and/or programmed or a specific fraction colilector
may need to be built in order to perform one or more of the above-described method
steps of the present invention. For example, fraction collectors that are operatively
adapted to recognize, receive and process one or more signals from at least one
detector, and collect one or more sample fractions based on the one or more signals
are not commercially available at this time.

il.  Computer Software

[0163] The present invention is further directed to a computer readable
medium having stored thereon computer-executable instructions for performing one
or more of the above-described method steps. For example, the computer readable
medium may have stored thereon computer-executable instructions for: adjusting
one or more settings (e.g., flow settings, wavelengths, etc.) of one or more
components within the system; generating a signal based on a desired mathematical
algorithm that takes into account one or more detecior responses; recognizing a
signal from at least one detector; collecting one or more sample fractions based on a
received signal; recognizing an incoming signal from at least one detector, convert

52



Docket No. WP910-01 the chromat ography system conpri sing using interchangeable
fluid transfer device conponents. 17. The nethod of Claim 12, wherein the
anplitude of the signal is nodified by changing the anount of sanple
t ransf er r edockegotWi8108he or nore of the detectors of the chronmatography system
conpri sing changi ng operating conditions of the fluid transfer device. 18.
The net hodthaf inGbraingy sighal whe aedignal hecognizhble whel bcddsiblesbgadiaction puolthicfared by

to the aone or e af detectors

changi ng t he,anoun f sampl.e transferre r th
of the onr SiATESlsAdocy RTBBe A ol B bt Bo B e JRUGr R bebef 6 ot 1 caet
one conpongput &rbmt the dreudrdmbreasystem cdenpiocents; 48d attivating tdnadactivathqione 12,
wherein the fluid transf vigce c ri ses a uttle val ve, a litter, or a
punp. 20, Sriete SyaiER Ciarii oo Bt WFE hePleh briaud SHreRaN: BRAI <
Modi fi ed byeieb@mrnang ddseedniomaor 0 respopse o rsansf ethee dctivitytvighiotiee Muidor e of
the detectqr he chr rap stem ¢ ri sing changi ng the shape or
si ze of onghrg’m%wgg@’pwsﬁ;ﬁ&ggbﬁpﬁ%ﬁi&s@gﬁﬂ#ﬂ)e Val ve conponents, or punp
conmponents. 21. The nethod of Caim 19, wherein the anplitude of the signal
I's modifi eﬂ/.by Applications/Uses

[0164] The above-described methods, apparatus and computer software may

be used to detect the presence of one or more compounds in a variety of samples.

The above-described methods, apparatus and computer software find applicability in

any industry that utilizes liquid chromatography including, but not limited to, the

petroleum industry, the pharmaceutical industry, analytical labs, etc.

EXAMPLES

[0165] The present invention is further illustrated by the following examples,
which are not to be construed in any way as imposing limitations upon the scope
thereof. On the contrary, it is to be clearly understood that resort may be had to
various other exemplary embodiments, modifications, and equivalents thereof which,
after reading the description herein, may suggest themselves to those skilled in the
art without departing from the spirit of the present invention and/or the scope of the
appended claims.

Example 1

[0166] In this example, two different flash chromatography systems were
compared (REVELERIS® systems available from Grace Davison Discovery
Sciences). The first (comparative) system (“System A”) was equipped with an
ALLTECH® ELSD with a 1 mW laser, a shuttle valve with a 300 nL rotor dimple and
a 150 ms dispense and refill time, and an UV detector with 0.1 mm UV flow cell.
The second system (“System B”) was equipped with an ALLTECH® ELSD with a 4.6
mW laser (available from Midwest Laser Products, Inc.), a shuttle valve with a 600
nk. rotor dimpie and a 250 ms dispense and 50 ms refill time, and an Ocean Optics
UV detector with 0.1 mm UV flow cell. Both systems are configured as shown in
FIG. 3A. 5 mg/mL solutions, each containing five different natural products (i.e.,

53



changi ng the amount of sanple transferred to the one or nore of the detectors
of the chromat ography system conprising changi ng the shape or size of at | east
one shuttle valve rotor or stator, the shape or size of at |east one stator or
rot or chanbgk.: @rweshannel , or conbi nations thereof. 22. The nethod of Caim1,
wherein the anplitude of the signal is nodified by the detector design, 23.

The met hod : ' . L I - Qf | LS | £ ed by the
det ect or dggiff%%’géorﬁr%@ﬁes’i ’%ﬁ[%‘%&uésa@%é’ﬁwwﬁw?"S‘ﬁ'erﬁ&“e‘%%?{@rag&ﬁg\’/}“’%' | é'gr ent
conponent s gfraturabpitoddet ot adding ittthex t0F oriavagmabicyilasi sindrdiluteBook0 MNo.

Wp910- 01 . 1F |mﬁa wh L 0L ' fgnal is
modi f i ed b&%r%yﬁgtgéﬁ&q]@gm%@g%%ecorrplrlrie'si Fore 5 Bt b%‘tﬂgaﬁé’ﬂ‘gjﬁ’tg‘fg:‘b’?‘%

det ect or s, was itjeetet! usiTgafemtsplastisr sysiagh ittotadt @ GRACERESORVOfraxi8glashhy
system 2 e, .E; i : L L he i lagpal is
nmodi fi ed b?o%@n%liq%%%?%@@h%i&g? &v{gsrdgg@{s? J|)\(’aqasw|o$ @an%)r yﬁ&ﬁaﬁésr @@H%gq he one or
nmore of ththed8agcSystenst Bhmoble phasograsphymped tough At sFstemnendaydthef C ai m

25, wherei 'fbiibnlﬁgd&rﬁﬁféh%or%‘ﬁmrsi g¥et e fi@?%r@@qnimtees the amount of methanol is
increased up to 60% and subsequently held at 60% for one minute. The column
effluent was directed to a shuttle valve that diverted 36 ul/min for System A and 72
uL/min for System B of the column effiuent to an ALLTECH® ELSD. The balance of
the effluent flowed through a UV detector to a fraction collector.
[0167] Each sample of natural product was separated on identical 4 g
GRACERESOLV™ C18 flash columns. The results shown in FIG. 11 demonstrate
that the System A ELSD does not detect any natural product in the sample except
for emodine, while the System B ELSD detects all of them.

Example 2
[0168] In this example, System B is modified to include a 7.5 mW laser

(available from Midwest Laser Products, Inc.) in the ALLTECH® ELSD (“System C"},
and also a 10 mW laser (available from Midwest Laser Products, Inc.) in the
ALLTECH® ELSD (“System D"). The same separation process is conducted as in
Example 1 for only the caffeine sample. The results shown in FIG. 12 demonstrate
that the System C ELSD displays a response two to three times that of the System B
ELSD, and the System D ELSD displays a response four times that of the System B

ELSD.
Example 3
[0169] In this example, the performance of System A is compared with

System D. The same separation process is conducted as in Example 1 for only the
caffeine sample. The resulis shown in Table 1 below demonstrate that the System
D ELSD displays a response forty times that of the System A ELSD, and the System
D UV detector displays a response two times that of the System A UV detector.
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physical p
decr easi ng

roperties are changed by increasing size of sanple particles,

nunber of small sanple particles, or conbinations thereof,

27. The

met hod of C aim 25, wherein the detector conprises an EPD and the physi cal

properties

drift tube;

t enper at ur
conbi nati o

p@kBoCbainged by use of at |east one different inpactor; diff
di fferent nebulizer gas How, nebulizer gas type, nebulizer

er ent
gas

e; different inlet, drift ty?@ optics, or exhaust tenperatures; or
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ns thereof., 28. The nethod

conpri ses

an EPD:iamDrtShe physiical pr&pstem 8s are changedSbytema of at

one diffe
| npact or,

ent i ||paL tor—Str i IIpabL Ot DPIICI i 1 ||pa\,L Ot
t hr ee % f%l:i gn | pact or, g%'SOt her non-ii near ??8 structu

| mpact or,
anpl i tude
detector (s

or d.dlv’rﬂetmitmrqaa) ther eof. 29. The method of Caim 1, wherein

of the nal is nodified by angi ng the nmechanpcgl el enent
, such %d; MHebui | zen, drift PLC?E or optli cs bl ocb'%gesi gn, ofn

conbi natio
signal is
det ect or.

aim25. wherein the detector

| east
, el bow
re
t he
s of the

ns thereof. 30. The nethod of CI aiml, wherein the anplitude of the
nodi fi ed by changing the operating conditions of the at |east one

31. The nethod of Caim1l, wherein the at east One detector

conpri ses Hri7eyapor aWhie thé dinensioat har begn digsedbar withL D)mitedDoQkdler N9910- 01

exemplary embodiments, these specific exemplary embodiments are not intended {o
limit the scope of the invention as otherwise described and claimed herein. It may
be evident to those of ordinary skill in the art upon review of the exemplary
embodiments herein that further modifications, equivalenis, and variations are
possible. All parts and percentages in the examples, as well as in the remainder of
the specification, are by weight unless otherwise specified. Further, any range of
numbers recited in the specification or claims, such as that representing a particular
set of properties, units of measure, conditions, physical states or percentages, is
intended to literally incorporate expressly herein by reference or otherwise, any
number falling within such range, including any subset of numbers within any range
so recited. For example, whenever a numerical range with a lower limit, R, and an
upper limit Ry, is disclosed, any number R falling within the range is specifically
disclosed. In particular, the following numbers R within the range are specifically
disclosed: R = R + k(Ry -R.), where k is a variable ranging from 1% to 100% with a
1% increment, €.q., k is 1%, 2%, 3%, 4%, 5%. ... 50%, 51%, 52%. ... 95%, 96%,
97%, 98%, 99%, or 100%. Moreover, any numerical range represented by any two
values of R, as calculated above is also specifically disclosed. Any modifications of
the invention, in addition to those shown and described herein, will become apparent
to those skilled in the art from the foregoing description and accompanying
drawings. Such modifications are intended to fall within the scope of the appended
claims. All publications cited herein are incorporated

by reference in their entirety.
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32, The method of Caim1l, wherein theomaaphy system conprises two or nore
detectors. 33. The nethod ofm1l, wherein the |iquid chromatography system
conprises at |east one detector selected fromat |east one UV detector, at

| east one exap@nediode |ight scattering detector (ELSD), at |east one nass
spectroneter (MS), at |east one condensation nucleation |ight scattering
detector ( .one corona discharge detector, at |east one
refractivew‘Ilr Is GLAWERS RID), at |east one fluorescence detector (FD), at
| east one &hi r af matbed oloanal@d)g a sampleasaid omeihed eompuging thei siew otiet ect or ( ED),

or any conbi natien t : 34, C ut r e i 1aving . st,or ed
t hereon conput e¢a?exedc%ﬁtggaglf‘g iangstlgﬁl?(l:t ﬁgﬁs (ﬁ)er ﬁiﬁﬁgﬂﬁmdr%gdéﬁg Eﬁ:‘ ‘Iramggélgf t he
met hod st epkromatography sysiam, dhe signaClcampsisingt & d@Bection respgmseappapaners capabl e

of anal yzi pg, 1380 YanSdhg,Jret hod of ny one of Claims 1 to 33. 36.An
appar at us or apparatus conpohent capable of contributing to an analysis of a

sanpl e using t h@®) metdebiectiot sangw sarptst fragitianris alfraciod 8olleTorAn regpoasatais or

appar at us gﬂ;;% : ble of contributrng to an analysis of a sanple using
t he conput gﬁ egﬁiaﬁﬁ ge;'aﬁr%di um of Claim 34. 38. A nethod of analyzing a sanple,

sai d net hodwhewmipainglituge ohthestignal isf modified by tHealjquipkelsoeatamahysivgteat. from one or
nore detectors in a liquid
2. The method of Claim 1, wherein the amplitude of the signal is modified by

electronic or digital means.

3. The method of Claim 1, wherein the amplitude of the signal is modified by
changing the gain of the signal using a component of the chromatography system

4. The method of Claim 1, wherein the amplitude of the signal is modified by
computer software or a computer readable medium.

5. The method of Claim 1, wherein the amplitude of the signal is modified by
optical means.

6. The method of Claim 1, wherein the amplitude of the signal is modified by a
light source in the one or more of the detectors of the chromatography system.

7. The method of Claim 1, wherein the amplitude of the signal is modified by
using a different light source in each of the one or more of the detectors of the
chromatography system.

8. The method of Claim 1, wherein the amplitude of the signal is modified by

changing the intensity of a light source in the one or more of the detectors of the
chromatography system.
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chromat ography system the signal conprising a detection response conponent
fromat | east one detector; and (b) collecting a new sanple fraction in
a fraction collector in response to a change in the signal; wherein the sanple
fraction i g.adnldd@dneor equal to about 100 rng. Dockef We. IN 91' 39. The

met hod of Claim 38, wherein the sc tplaction iss than or equal to about 100 ng

to at |easgy ab : t L m: ' e_sal

fracti onsarr?' or Ogé%gqné]ﬂg%@gggﬁmgg %greﬂﬁr%%h%ﬁﬁ%g\f@fé QQQF%ES@?)&\B\E%%& n the

det ect or s osingringkipdebght lsnurees @mndaciond thiesneuart Moee déttee tdetextors of the
chromatography system.

10. The method of Claim 1, wherein the amplitude of the signal is modified by
fluidic means.

11.  The method of Claim 1, wherein the amplitude of the signal is modified by
changing the amount of sample transferred to the one or more of the detectors of
the chromatography system.

12.  The method of Claim 1, further comprising:

(&) actively conirolling fluid flow to at least one detector in the liquid
chromatography system via a fluid transfer device positioned in fluid communication
with the at least one detector.

13. The method of Claim 12, wherein the amplitude of the signal is modified by
changing the amount of sample transferred to the one or more of the detectors of
the chromatography system comprising changing the flow rate of the sample through
the fluid transfer device.

14.  The method of Claim 12, wherein the amplitude of the signai is modified by
changing the amount of sample transferred to the one or more of the detectors of
the chromatography system comprising changing the flow path of the sample
through the fluid transfer device.

15.  The method of Claim 12, wherein the amplitude of the signal is modified by
changing the amount of sample transferred to the one or more of the detectors of
the chromatography system comprising using multiple fluid transfer devices.

16. The method of Claim 12, wherein the amplitude of the signal is modified by
changing the amount of sample transferred to the one or more of the detectors of
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42. The nmethod of Cl aim 38, wherein the |iquid chromatography system conpri ses
at | east one detector selected fromat |east one UV detector, at |east one
evaporative |ight scattering detector (ELSD), at |east one mass spectroneter
(M5), at | eardn0Biseondensati on nucleation light scattering detector (CNLSD),
at | east one corona di scharge detector, at |east one refractive index detector

(RD), at ltr?éa?ﬁro%‘?%qrhw g@ﬁ%ﬁ]‘:@gfﬁﬁﬁﬁe{g{mé Fr?é'ﬁyé‘ﬁ%éa%?es iuﬂ'}fﬁgﬁmrro%lwcget ect or

(CD), at |east one ectr ny combl nat1on thereof.
43. A et hodowpoagrdbyzi ng a sanple, said nethod conprising the step of:

(a) generating a signal fromone or nore detectors in a liquid chromatography
system the signal conprising a detection response conponent from at | east one
detector; dRd The metlidd ot 6ldimcta, wgheseindhe sambitusief ofdbe isignal is moflifiad tiyon

col l ector ' I 1:S

gener at ed bgarﬁﬁfeasgméggu?ﬁ%ﬁﬁﬁltﬁﬁﬁ%&é&d%gﬂ? cne"\@}%g egoﬁgﬁtiéé&gﬁjg dofr nor e
det ect or S. tmcﬁ'ﬂwmahmrapiw eyst@nacamardinavhleareging Dh&r%m@oedmenmpbmejﬁddt o the
one or nore & gé\%es in the liquid chromatography SystemVia a fluid transfer
devi ce position fluid conmmunication Wth the at east one detector. 45.The
met hod of Cl aim44, wherein the fluid transfer device conprises a shuttle

valve, a th' Ufha nf¥inéy BHBRim 12, wherein the amplitude of the signal is modified by
changing the amount of sample transferred to the one or more of the detectors of
the chromatography system comprising changing the shape or size of at least one
component of the fluid transfer device.

19. The method of Claim 12, wherein the fluid transfer device comprises a shuttle
valve, a splitter, or a pump.

20. The method of Claim 19, wherein the amplitude of the signal is modified by
changing the amount of sample transferred {o the one or more of the detectors of
the chromatography system comprising changing the shape or size of one or more
splitter components, shuttle valve components, or pump components.

21. The method of Claim 19, wherein the amplitude of the signal is modified by
changing the amount of sample transferred to the one or more of the detectors of
the chromatography system comprising changing the shape or size of at least one
shutile valve rotor or stator, the shape or size of at least one stator or rotor chamber
or channel, or combinations thereof.

22.  The method of Claim 1, wherein the amplitude of the signal is modified by the
detector design.

23. The method of Claim 22, wherein the amplitude of the signal is modified by
the detector design comprising the use of multiple detectors having different
components for each detector in the chromategraphy system.
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Docket No. WP910 01 46. The nethod of C aim 43, wherein the signal is generated
by at | east about 50 utimn of sanple provided to the one or nore detectors.
47. The method of C aim 43, wherein the signal is generated by at |east about
60 LI LJr ni Bockf noSgafaloe provi ded to the one or nore detectors. 48. A method of
anal yzing a sanple, said nethod conprising the step of: (a) generating
a signal fromone or nore detectors in a liquid chronmatography system the
signal conprising a detection response conponent fromat |east one detector:

and 2¢b) Tl maihothgt &laieved arfisreinfthe empituderofdhe signel isnmedifieddor i n
response t g%&ge ' ﬁyﬁa M- LACTN I t eqt
conpri ses g]nég% angé%]ﬂghés‘?nﬁf%]all |sth gengr g?e’@ltgfcrhgﬁ?%ﬂ?g tt&g[gﬁig g%ﬁgreater

t han about campanenigdomerchiiateear vthechiomalegraphesysiemt he signal is generat ed
froma |light source of greater than about 2 rnW

25. The method of Claim 1, wherein the amplitude of the signal is modified by
changing the physical properties of sample that reaches the one or more of the
detectors of the chromatography system.

26. The method of Claim 25, wherein the detector comprises an EPD and the
physical properties are changed by increasing size of sample particles, decreasing
number of small sample particles, or combinations thereof.

27. The method of Claim 25, wherein the detector comprises an EPD and the
physical properties are changed by use of at least one different impactor; different
drift tube; different nebulizer gas flow, nebulizer gas type, nebulizer gas temperature;
different inlet, drift tube, optics, or exhaust temperatures; or combinations thereof.

28. The method of Claim 25, wherein the detector comprises an EPD and the
physical properties are changed by use of at least one different flat plate impactor,
screen impactor, spherical impactor, elbow impactor, three dimensional impactor, or
other non-linear flow structure impactor, or combinations thereof.

29. The method of Claim 1, wherein the amplitude of the signal is modified by
changing the mechanical elements of the detector(s), such as nebulizer, drift tube,

or optics block design, or combinations thereof.

30. The method of Claim 1, wherein the amplitude of the signal is modified by
changing the operating conditions of the at least one detector.

31. The method of Claim 1, wherein the at least one detector comprises an
evaporative light scattering detector (ELSD).
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50. The method of Cl aim 48, wherein the signal is generated froma |light source
of greater than about 5 rrAN. 51. A nethod of analyzing a sanple, said nethod

conprising the step of: (a) generating a signal fromtwo or nore
det ect or s ipstkegiNel Wwagwiod chr ormat ogr aphy system the signal conprising a detection
response conponent from at |east one detector; and (b) collecting a new

sanpl e fragpi onTh@ nisthd@st CRIM q0vhefdiPhel Iiﬂqufd&?rﬁ@lﬂéﬁ)g?ébr@f syBRADEorhpride’e signal ;
wherein the two or nore detectors conprise mul tiple detéctors having di f f er ent

dynani ¢ r af¥R8r M9 §ECIOE-hod of O ai m 51, wherein the detectors conprise
destructive and non- destructlve detectors, Docket No. Wol 0-01 53, The
met hod of ClaimJ51, wherein the |iquid chromat ogra&gy system conpri ses at

| east one &8t eclioR ”?éh%?fe@af”r‘énWQf’rel”’eH@t“qHWeCWna BNy SYSIM ¢URRHSESne

evapor at i vt | kgt 08¢ addteston SelRi&f tim (FLREsT dMe LRAHtENS), RS Ra8P Mk ONMEL er
(M5), at |east one condensation nucleatjon |ight scattering detector (CNLSD),

at | east oR¥ARVRHICIHN SEAURTHG Rieeet BrLSL af Leéﬁ 0%8“"}3&%{’&6@"{7%@ ek det ect or

(R D), at herabt @ﬁl@c&dd&h@@@&eﬁ@@eﬂ%q@hpéca(nlém%defeokcﬁqswLsm ahbagilondet ect or

(CD), at |east one el ectrochem cal detector ny conbi nation thereof.
corona discharge detector, at least one refractlve index detector (RID), at least one
fluorescence detector (FD), at least one chiral detector (CD), at least one

electrochemical detector (ED), or any combination thereof.

34. A computer readable medium having stored thereon computer-executable
instructions for performing one or more of the method steps recited in any one of
Claims 1 to 33.

35. An apparatus capable of analyzing a sample using the method of any one of
Claims 1 to 33.

36. An apparatus or apparatus component capable of contributing to an analysis
of a sample using the method of any one of Claims 1 to 33.

37. An apparatus or apparatus component capable of contributing to an analysis
of a sample using the computer readable medium of Claim 34.

38. A method of analyzing a sample, said method comprising the step of:

(a) generating a signal from one or more detectors in a liquid
chromatography system, the signal comprising a detection response component
from at least one detector; and

(b)  collecting a new sample fraction in a fraction collector in response to a
change in the signal;
wherein the sample fraction is less than or equal to about 100 mg.
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54. The nethod of C aim51, wherein the two or nore detectors conprise

mul tiple detectors of the sane type with different dynam c ranges, 55. The
nmet hod of Claim4 wherein he two or nore detectors conprise nmultiple ELSDs.
56. The nebheth.ofssfloai m 51, wherein the two or nore detectors conprise

mul tiple detectors of the different types with different dynam c ranges. 57.

The Met hodagf Crigd Mettod Y€k st ﬂﬁe:te‘(i@th@fsah@ﬂ@fr‘ééﬁ&ﬁs%s?s ﬂ’qﬁﬁgfé ie&_ﬁrﬁk% | ea, .

one ELSD and one UV detector with different dynam c ranges. e met hod of
Clai m 51, wheytcion mado atieasirabeyt @ 1ded.ect ors conprise at one detector having
two or nore zones with different dynam c ranges. 59. The nethod of C aim 58,
wherein the at | east one detector conprises an ELSD with nultiple |ight
sources ha?#Png Hig metkoed ofpblan 3Bewberein the sample fraction is less than or equal to

about 90 mg.

41,  The method of Claim 38, wherein the detectors comprise destructive and non-
destructive detectors.

42, The method of Claim 38, wherein the liquid chromatography system
comprises at least one detector selected from at least one UV detector, at least one
evaporative light scattering detector (ELSD), at least one mass spectrometer (MS),
at least one condensation nucleation light scattering detector (CNLSD), at least one
corona discharge detector, at least one refractive index detector (RID), at least one
fluorescence detector (FD), at least one chiral detector (CD), at least one
electrochemical detector (ED), or any combination thereof.

43. A method of analyzing a sample, said method comprising the step of:

{a) generating a signal from one or more detectors in a liquid
chromatography system, the signal comprising a detection response component
from at least one detector; and

(b) coliecting a new sample fraction in a fraction collector in response to a
change in the signal;
wherein the signal is generated by at least about 40 uL/min of sample provided to
the one or more detectors.

44.  The method of Claim 43, wherein the sample is provided to the one or more
detectors in the liquid chromatography system via a fluid transfer device positioned
in fluid communication with the at least one detector.

45. The method of Claim 44, wherein the fluid transfer device comprises a shuttle

valve, a splitter, or a pump.
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60. The nethod of C aim 58, wherein the at | east one detector conprises a W
detector with nultiple flow cells having different path lengths. 61. An
apparatus for analyzing a sanple, said apparatus conpri sing: (a) system
har dwar e opeketitd weloyw1 adapted to generate a signal fromone or nore detectors
in aliquid chromatography system the signal conprising a detection response

conponent {450m pRE r'r%fthd)"ﬂ)bmecﬂﬁﬁ 98!t Ph&reirMd siderdl @éedﬂ%te%?%@fé&%t akdi slor action
col | ector E@[latlvel y adapted to coHect a new sanple fraction in response to a

change in tkénig; ﬁﬁWP'W@V'@?WQW@qqecﬂilrﬂpr@tﬂeéﬁ%‘?régr aphy systemis operatively
adapted to nodi fy anplitude of the signal. 62. The apparatus of O aim 61,
wher ei n the arrplltude of the S|gnal I's nodified by electronic or digital

means.  6347TheTBppuitRAdel GRinerta; wherein Rai@ah is grnezpd by glieast akME B8 gnal i s

modi fi ed bM%lﬁQ}_‘F@Qﬁ?!@p@@ldé@ﬁ) FleraERdr OasraRItYectyrgt em bei ng operatively adapted
to change the gain of the signal. 64. The apparatus of C aim 61, wherein the

anplitude of the signal is m)dlfled by conputer software or a conputer
readabl e Mggi UM\ method of analyzing a sample, said method comprising the step of:

(a) generating a signal from one or more detectors in a liquid
chromatography system, the signal comprising a detection response component
from at least one detector; and

(b)  collecting a new sample fraction in a fraction collector in response to a
change in the signal;
wherein the one or more detectors comprises an ELSD and the signal is generated
from a light source of greater than about 1 mW.

49. The method of Claim 48, wherein the signal is generated from a light source
of greater than about 2 mW.

50. The method of Claim 48, wherein the signal is generated from a light source
of greater than about 5 mW.

51. A method of analyzing a sample, said method comprising the step of:

(a) generating a signal from two or more detectors in a liquid
chromatography system, the signal comprising a detection response component
from at least one detector; and

(b)  collecting a new sample fraction in a fraction collector in response to a
change in the signal;
wherein the two or more detectors comprise multiple detectors having different
dynamic ranges.

52. The method of Claim 51, wherein the detectors comprise destructive and non-
destructive detectors.

62



65. The apparatus of C aim 61, wherein the anplitude of the signal is nodified
by optical neans. 66. The apparatus of C aim61l, wherein the anplitude of the
signal is nodified by a light source in the one or nore of the detectors of

t he chr onabagtaplggiosystem 67. The apparatus of C aim 61, wherein the
anplitude of the signal is nodified by the chromatography system being

oper ati vel gaada d seys acthiff ere Lgh r i t e or nore
of the detggiorzﬁg %%ﬂmghgfagggﬁaﬁﬂbq@?#%?a?W$g%yﬁﬁﬁﬁﬁgﬁ§69ﬁ§%gnp ﬁ?ﬁde of the

signal is se@EPfisealpastimedatesiar srieapthironyalieastisaieddy epteciari aidegstanapt ed t o
vary the i i g i Hayh ors. 69,
y 'é(fé‘rﬂ?r%f-lﬁ\)é Rint %cﬂt&&%ﬁ&é‘é’s@?kﬁeﬂ%ﬁ&blﬁt %%g% Qr'io Hﬁ?g s?i(ecttr&ﬁet‘é?f(lﬁ%

The apparatus of Caimbo rernt Itu nal 1s nodified by

t he chrona@blfeghere syrdensalinn nuclepiondioght s¢aftedng getagtardCH-SDAtlegitoNgi ght
sources in t 001
c6RPA Bdchahse g%’t@ci\% AT0E &5t ?ﬁe BRadRb &Sdy (?et??]tgogﬂg?fa#qeas\f\%%

The apparatus of C ai'm ereln e anplitude o I's nodi fied by
flui di c meflAarescence peteckp &k udt deastl anen @ral \iidedph (ERR. atplepstug@aeof the

signal is gRreirbéeghiby &e@&tm%%{mtoiﬁQEQﬁ@ggj_ng operatively adapted to

vary the anount of sanple tra e one or nore of the detectors.
72. The apparatus of Caim61, said apparatus further conprising a fluid

transfer dgyi C%Mﬂe&ﬂm@hfﬂn 54 Ubiskre Py %&aﬁ nBFRe a\étts&ggs'@qrrﬁ@iéevrﬁwpse

controlling fluid flow to the one or nore detectors. apparat us of
Claim 72, dpectrsotihe sama pewdh siffarent dyngmid rapgesiodi fi ed by the

chr omat ogr aphy system bei ng operatively adapted to vary the anpbunt of sanple
transferred to the one or nore of the detectors conprising changing the flow
rate of th8&5sanphemetiasiefi{-lained4|whereinthpirepr Mels deiectomcomprisedpyirlat us of
G aim72, whepgin the anplitude of the signal is nodified by the

chr omat ogr aphy system bei ng operatively adapted to vary the anount of sanple
transferred to the one or nore of the detectors conprising changing the flow

path of thggsampherdiguaitiines],| wdehthe8iEbr A8M G&ectors comprise muitiple

detectors of the different types with different dynamic ranges.

57. The method of Claim 56, wherein the two or more detectors comprise at least
one ELSD and one UV detector with different dynamic ranges.

58. The method of Claim 51, wherein the two or more detectors comprise at least
one detector having two or more zones with different dynamic ranges.

59. The method of Claim 58, wherein the at least one detector comprises an
ELSD with multiple light sources having different power levels.

60. The method of Claim 58, wherein the at least one detector comprises a UV
detector with multiple flow cells having different path lengths.

61. An apparatus for analyzing a sample, said apparatus comprising:

(a) system hardware operatively adapted to generate a signal from one or
more detectors in a liquid chromatography system, the signal comprising a detection
response component from one or more detectors; and
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75. The apparatus of Claim 72, wherein the anplitude of the signal is nodified
by the chromat ography system bei ng operatively adapted to vary the anount of
sanple transferred to the one or nore of the detectors conprising using

mul tipl e fbakethotwaanaf er devices. 76. The apparatus of Caim 72, wherein the
anplitude of the signal is nodified by the chromatography system being

oper ati vel y adag ed 4 padtRhicolibiormBiveh addpd © &dIBRSd Ra Semp fidlgioAne or
more of the detectors conprising using interchangeable fluid transter device
conponent sin repponseHe agfipmoaiutestior@lai m 72, wherein the anplitude of the
signal is by.tige H%ﬁ&ﬁ ske k(& O i vigl pted to
vary the a%gﬁm gﬁesﬁﬂ%PeCﬁ%oc e rgﬁﬁbf%ge%-%l%ggﬁg%%r%ﬁ% ?hﬁ" one or nore
of the det aawbiuge @i $ighdg changi ng operating conditions of the fluid
transfer device. 78. The apparatus of Claim 72, wherein the anplitude of the
signal is nodified by the chromatography system bei nﬁ:‘;per atively adapted to
vary the afBunt Thg agparpius of CAaiBY &F. Méerein theamphiade of fgrsans! ig fedded &yt or s
conpri si ng } or size of at |east one conponent of the fluid
transfer dg%?té‘@?blaggfghgthré@%%gar atus of Caim72, wherein the fluid transfer
device conprises a shuttle valve, a splitter, or a punp. 80. The apparatus of
G aim 79, wher etfy bhearafiR!di Ol &f, widRein D ainplitag R iHd SghdP¥s MbBified b

chr omat ogr aphy system bel ng operatively adapted to vary the anount 01y sanpl e
t ransf er r el QURANENDAR ther Clirermategraphie syreraciaing opeiavels iadgrishaeehagoehe shape
or size of; iﬁbfﬁ%r mypl itter conponents, shuttle valve conponents, or punp
conponents. 1. The apparatus of Caim79, wherein the anplitude of the
signal is nodified by the chromatography system being operatively adapted to
vary the agguntriel aSaiTel df CHIRIOf, Whrdif 1idEmpREAST! IR Gurbl 1d ABaEY B! O S
conpri sing changing the shape or size of at |east one shuttle valve fotor or
stat or, theorspglgesefwaELs agompuigragadaldgeesiutor or rotor chanber or channel,
or conbi nations thereof. 82. The apparatus of C aim 61, wherein the anplitude
of the signal is nodified by the detector design. 83. The apparatus of C aim
82, wher ei 51 helhmppnaraige obClaimed s vdesgin ithe ﬁrﬁaﬁtﬂﬂ@@f B\ signal ismedified gy aphy

syst em bei Bgic%Pﬁ{eﬁ gvely adapted to use nultiple detectors having different
conponents for each of the one or nore detectors.

66. The apparatus of Claim 61, wherein the amplitude of the signal is modified by
a light source in the one or more of the detectors of the chromatography system.

67. The apparatus of Claim 61, wherein the amplitude of the signal is modified by
the chromatography system being operatively adapted to use a different light source
in each of the one or more of the detectors.

68. The apparatus of Claim 61, wherein the amplitude of the signal is modified by
the chromatography system being operatively adapted to vary the intensity of a light
source in the one or more of the detectors.

69. The apparatus of Claim 61, wherein the amplitude of the signal is modified by

the chromatography system being operatively adapted to use mulliple light sources
in each of the one or more of the detectors.
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84. The apparatus of Caim82, wherein the anplitude of the signal is nodified
by the chromat ography system bei ng operatively adapted to use interchangeabl e
detectors, or their conmponents, for each of the one or nore detectors. Docket
No. WB9| QOPpacketNo. WadTPiRE appar at us of Cl aim 61, wherein the anp U ude of the
signal is nodified by the chromatography system being operatively adapted to
vary the phgsi cahe ppogratisicd <laim 6nWHereihhiad amphittieof tHeesigme iomoatiee byf t he

det ect ors. 8.%. The apparatus of C aim 85 wherein the one ornore detectors
conpri ses HYCIHE " Sne EPD and the anplitude of the signal is rmodified by the
chr omat ogr aphy system bei ng operatively adapted to vary the physi cal

properties_of s |l e that reaches the aptics rtion(s) .of the e or nore of
Phe’ det ect 3. B aSparAs g S e, werel ahe Mo &F ks nal i RoSEd B o

deéI _e]g_t o(r]I Sbﬂ'@@Trbmﬁ&)geépHyE@StegobeinEBBeﬁagideMa@aﬂmﬂltbtva@lethefagtth gf gamaplei s ]
nmodi fi e t he chropat ography system.bei ng operatively adapted to vary the
physical p rﬁﬁg?fr%?@%@%r%l”égrf’ﬁé?herg]%@ﬁt@ “optics portion(s) of the one or
nore detectors by use of at |east one different inpactor; different drift
tube; different_nebulizer flaow nebulizer t ype, . nebuli zer S
Lenper at ur 62 di THeARRRTaI ACial} b 4saidpapa g Bdher fomrieliees WOHAR R ur es; or
conbi nat i odsvitdpositbned in fluid ddremanipatict wish ahd etitvelp cohtrowhgrigidfidw® tee or nore
detectors corrﬁri ses %t& %east one EPD and the anplitude of the signal is

modi fi ed byN¢ REMOKT BHEFBLFaphy system bei ng operatively adapted to vary the

physi cal properties of sanple that reaches optics portion(s) of the one or
nore detectgrs use of a ea one different fla | at e i mpact.or, Screen
pactor - E3her THadiraraiue 85 C8) 1 iherphcasrmpimre Bt R sEPorRR RS or - or
ot her non-tr;waomfaio@vam\xﬁrqsystew Beihgmetafﬁmty?ﬁap?ﬂh?‘ naty mgalmdnmt ebéaar?;aeaTBe ]
appar at us aime6l, erein the a i tude of the signal s nmodifi y the
PP omat ogr pryedsdie ey Bh dine dRpda sl #85 DefbRn S iR e
el ement s ofhetdmengleteotigh he)fluidtahsfasdavedaul i zer, drift tube, or optics block
design, or conbinations thereof. Docket No. W1 0-01 90. The apparatus of
Claim 61, wherein the anplitude of the signal is nodified by

74.  The apparatus of Claim 72, wherein the amplitude of the signal is modified by

the chromatography sysiem being operatively adapted to vary the amount of sample
transferred to the one or more of the detectors comprising changing the flow path of
the sample through the fluid transfer device.

75. The apparatus of Claim 72, wherein the amplitude of the signal is modified by
the chromatography system being operatively adapted to vary the amount of sample
transferred to the one or more of the detectors comprising using multiple fluid
transfer devices.

76.  The apparatus of Claim 72, wherein the amplitude of the signal is modified by
the chromatography system being operatively adapted to vary the amount of sample
transferred to the one or more of the detectors comprising using interchangeabie
fluid transfer device components.

77. The apparatus of Claim 72, wherein the amplitude of the signal is modified by
the chromatography system being operatively adapted to vary the amount of sample
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t he chromat ography system bei ng operatively adapted to vary the operating
conditions of the one or nore detectors, 91. The apparatus of C aim61l, wherein
the at | east one detectorprise an evaporative |light scattering detector
(ELSD). 92pdwetmpparat us for anal yzing a sanple, said apparatus conprising:

(a) system hardware operatively adapted to generate a signal fromone or nore

detectors kfangfetredUodihehbREBIrOBLAPRY thY Sde@dBtors NSoraphreEiad cﬁaﬁ%ﬁé SdpRehtmgdet ection
response conponent fromone or nore detectors; and (b) a fraction

col | ect or &pedit@ns@ithe Huidtaagfer slevise) ect a new sanple fraction in response to

a change in the signal; wherein the liquid chromatography systemis

oper ati vel adagt ed to collect the sanple fraction of |ess than or equal to
9

about 100 herpaP B daimr2.cvharpingbe amrinde @f theesignahpt mogdifigddvon i s
lless than g Qﬁ@ﬁh'aidgi’apﬁ%jlstehﬁ)gegﬁg dp@raﬁﬁ/e!y%%flﬁbte@h@#hrﬁthé a‘ﬁﬁbuln96f ddigpi@ppar at us

of Caim92, wherein the sanple fraction is less than or gua
transferred io the one or more of the detectors comprising changing the shape or

size of at least one component of the fluid transfer device.

79. The apparatus of Claim 72, wherein the fluid transfer device comprises a
shuttle valve, a splitter, or a pump.

80. The apparatus of Claim 79, wherein the amplitude of the signal is modified by
the chromatography system being operatively adapted to vary the amount of sample
transferred to the one or more of the detectors comprising changing the shape or
size of one or more splitter components, shuttle valve components, or pump
components.

81. The apparatus of Glaim 79, wherein the amplitude of the signal is modified by
the chromatography system being operatively adapted to vary the amount of sample
transferred to the one or more of the detectors comprising changing the shape or
size of at least one shuitle valve rotor or stator, the shape or size of at least one
stator or rotor chamber or channel, or combinations thereof.

82. The apparatus of Claim 61, wherein the amplitude of the signal is modified by
the detector design.

83. The apparatus of Claim 82, wherein the amplitude of the signal is modified by
the chromatography system being operatively adapted to use multiple detectors
having different components for each of the one or more detectors.

84. The apparatus of Claim 82, wherein the amplitude of the signal is modified by
the chromatography system being operatively adapted to use interchangeable
detectors, or their components, for each of the one or more detectors.
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to about 90 ng. 95. The apparatus of C aim 92, wherein the detectors conprise
destructive and non-destructive detectors. 96. The apparatus of Caim 92,
wherein the liquid chromatography system conprises at | east one detector

sel ect ed f pgmmtwioeast one UV detector, at |east one evaporative |ight
scattering detector (ELSD), at |east one mass spectroneter (MS), at |east one
condensation nucleation light scattering detector (CNLSD), at Ieast one corona
di scharge detector, at |east_one refractive index detector (RID), at |east one

f1 uor escend8- del &R BBRarEIS)Of Glaim @hvheseia t%am&lltuaetoé&wgrew moﬁtﬂeﬁ@ast one
el ect r oche< alhrélfhRethy (E@temorbeﬁ@’ db@l’ﬂ?iv@@'t 'a@ﬁptbhe'i@c’&ary fRaclpgisidg.

WP910-01 97. An appar at us for anal yzing a sanple, said apparatus conprising;
(a) systeWWr@SéW%WﬁV@aﬁh%%%Qr@’%férf?émﬂ@etﬁc@f%nal fromone or nore
detectors in a liquid chromatography system the signal conprising a detection

response conponent fromone or nore detectors; and (b) a fraction
col I ector 8Ber af M& @PparaisRidelaim 85owheien thereip erameredetesiorns Wprl*ﬁqse%?ponse to

a change i fbasP8né IEFTRland Whe @i ghddecor! th@l‘slagﬁaﬁ"kf AIRIRANAPING GYShetad
operatively adapted to generate the si fromat |east about 4 uUr ni n of

sanpl e provYHed beng pekiivelyr agapted d‘étVééf d1es phygicaruopgrpas &f gample thati m 97,
wherei n thes2REPkR bifticBBWIHES of thd b1t @MBoRY of the detectors.

87. The apparatus of Claim 61, wherein the one or more detectors comprises at
least one EPD and the amplitude of the signal is modified by the chromatography
system being operatively adapted to vary the physical properties of sample that
reaches optics portion(s) of the one or more detectors by use of at least one
different impactor; different drift tube; different nebulizer gas flow, nebulizer gas
type, nebulizer gas temperaiure; different inlet, drift tube, optics, or exhaust
temperatures; or combinations thereof.

88. The apparatus of Claim 61, wherein the one or more detectors comprises at
least one EPD and the amplitude of the signal is modified by the chromatography
system being operatively adapted to vary the physical properties of sample that
reaches optics portion(s) of the one or more detectors by use of at least one
different flat plate impactor, screen impactor, spherical impactor, elbow impactor,
three dimensional impactor, or other non-linear flow structure impactor, or
combinations thereof.

89. The apparatus of Ciaim 61, wherein the amplitude of the signal is modified by
the chromatography system being operatively adapted to vary the mechanical
elements of the detector(s), such as nebulizer, drift fube, or optics block design, or
combinations thereof.
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nore detectors in the liquid chromatography systemvia a fluid transfer device
positioned in fluid conmunication with the at | east one detector. 99. The
apparatus of Claim98, wherein the fluid transfer device conprises a shuttle
val ve, a spdcietdogysgiocor a punp. 100. The apparatus of Claim97. wherein the
signal is generated by at |east about 50 utimn of sanple provided to the one

or nore debpgct OTl5e aéﬁhlratuywow@mawwh%r@ﬁ ttd aﬂnmnaae oMMRr sigrinl IRoaikieadly i s
generated by at | east about /rnin of sanpple provided to the one or

more det ecH®r Shroppatogigph ép%lt%ff‘ uEe'f‘Br ORRIAINAY rﬁjaﬁteéjar?ﬁl ary sthied ORpIFAINGL us

conpri si Ngeonditions df e SNS bEMolPdstuetbs. oper ativel y adapted to generate a signal
fromone or nore detectors in a |iquid chromatography system the signal

conprising a detection response conponent fromone or nore detectors; and

(b) a fraction ped bﬁﬁér@fUSQﬂEEE@fm el Wh@ﬁé@fmfﬂéjalt i@a§%ﬁ@8&te@toﬂ%ﬂ4‘r®ﬁm an raction
in response to a change in the si wherein the one or nore detectors

conpri ses ﬁY?@L@Ued'ﬁH?W?@eE!”%HﬁtPC? %Ier?\l@)r ated froma |ight source of greater
than about 1 inW Dockst No, 16/9910-0 103. The apparatus of Claim 103 11 rein

if e signal is generated froma |light source of Igr eater than about 2 rnW
n apparatus for analyzing a sample, said apparatus comprising:

(a) system hardware operatively adapied to generate a signal from one or
more detectors in a liquid chromatography system, the signal comprising a detection
response component from one or more detectors; and

(b)  a fraction collector operatively adapted to collect a new sample fraction
in response to a change in the signal;
wherein the liquid chromatography system is operatively adapted to collect the
sample fraction of less than or equal to about 100 mg.

93. The apparatus of Claim 92, wherein the sample fraction is less than or equal
to about 100 mg to at least about 0.1 mg.

94. The apparatus of Claim 92, wherein the sample fraction is less than or equal
to about 80 mg.

95. The apparatus of Claim 92, wherein the detectors comprise destructive and
non-destructive detectors.

96. The apparatus of Claim 92, wherein the liquid chromatography system
comprises at least one detector selected from at least one UV detector, at least one
evaporative light scattering detector (ELSD), at least one mass spectrometer (MS),
at least one condensation nucleation light scattering detector (CNLSD), at least one
corona discharge detector, at least one refractive index detector (RID), at least one
fluorescence detector (FD), at least one chiral detector (CD), at least one
electrochemical detector (ED), or any combination thereof.
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104. The apparatus of C aim 102, wherein the signal is generated froma |ight
source of greater than about 5 mlk/. 105. An apparatus for analyzing a

sanpl e, said apparatus conprising: (a) system hardware operatively
adapt ed topgenenab@of Signal fromtwo or nore detectors in a liquid

chromat ography system the signal conprising a detection response conponent

from one og,mor g, dgb SGHAIS: 2@itbing o sampldPka® JEAELEABIRELOr operatively

adapted to~col I'ect™a new sanp N’ N response ange in the
si gnal ; wher ei n(a} he syslenohamimaee deeratively sdagagido geseratd 4 sighel ideherkemrs havi ng

di ff t ] 1 t . Al . .

corpri se Py defeclsES BFE indHSnliia@RPOL Shitbat st gt dsomeie ATsRB0S o

Cl ai m 105, ragpengs corhpendnit foimdorhoomatsodgtegthss; agdt em conpri ses at | east one

det ect | ect f I ] ti

et o el et e BRI D PEIEROT el £051 SRR

| east one oedeorsatto @change éathemigrialght scattering detector (CN..SD), at

I t : ' , f [ ' t ect

Sy e OB L AR RS BEHRL Bl S Rhy A0S FRABEHL H0d IR FELSC T,

(CD), at | sigsal rom at dedat cativeni 48 ul deinect sampEDprovidedatry oo rdmenat inworet her eof .

108. The aggt%@ws of Claim 105, wherein the two or nore detectors conprise
ec

mul tiple de ors of the same type with different dynam c ranges, 109. The
apparatus of Claim 108, wherein the two or nore detectors conprise nultiple

ELSDs. 98. The apparatus of Claim 97, wherein the sample is provided to the one or
more detectors in the liquid chromatography system via a fluid transfer device
positioned in fluid communication with the at least one detector.

899. The apparatus of Claim 98, wherein the fluid transfer device comprises a
shuttle valve, a splitter, or a pump.

100. The apparatus of Claim 97, wherein the signal is generated by at least about
50 ul/min of sample provided to the one or more detectors.

101. The apparatus of Claim 97, wherein the signal is generated by at least about
60 ul/min of sample provided to the one or more detectors.

102. An apparatus for analyzing a sample, said apparatus comprising:

(a) system hardware operatively adapted {0 generate a signal from one or
more detectors in a liquid chromatography system, the signal comprising a detection
response component from one or more detectors; and

(b) afraction coliector operatively adapted to collect a new sample fraction
in response to a change in the signal;
wherein the one or more detectors comprises an ELSD and the signal is generated
from a light source of greater than about 1 mW.
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Docket No. WP910-01 110. The apparatus of C aim 105, wherein the two or

nor e

detectors conprise nultiple detectors of the different types with different

dynam c ranges. 111. The apparatus of Caim 110, wherein the two or nore
| east one ELSD and one UV detector with different
dynam c ranges, 112. The apparatus of C aim 105, wherein the two or nore

det ect or s o@rPpiol L1108t

det ectors qOBPI TRE apbalelas bf mmi¢©,@CWﬁérenawen§1ghmsogerféﬁaét@d Zpe S Wtkth

di fferent dynam ¢ ranges. 13 he apparatus o
| east one 8@%”&8@69"%?6‘?‘!’13?@%@@0‘5@ BWSD with nultiple |ight sources having
power Ievel s 114. The apparatus of Claim 112, wherein the at

di fferent
one det ect

pat h | engt A4

Claim112, wherein the at

| east

Qr. conpris WV detector with nultiple flow ceIIs hayi ng di fferent

The apparatus of Claim 102, wherein the signal is generated from a light
source of greater than about 5 mW.

105. An apparatus for analyzing a sample, said apparatus comprising:

(a) system hardware operatively adapted to generate a signal from two or
more detectors in a liguid chromatography system, the signal comprising a detection
response component from one or more detectors; and

(b)  a fraction collector operatively adapted to collect a new sample fraction
in response to a change in the signal;
wherein the two or more detectors comprises multiple detectors having different
dynamic ranges.

106. The apparatus of Claim 105, wherein the detectors comprise destructive and
non-destructive detectors.

107. The apparatus of Claim 105, wherein the liquid chromatography system
comprises at least one detector selected from at least one UV detector, at least one
evaporative light scattering detector (ELSD), at least one mass spectrometer (MS),
at least one condensation nucleation light scattering detector (CNLSD), at least one
corona discharge detector, at least one refractive index detector (RID), at least one
fluorescence detector (FD), at least one chiral detector (CD), at least one
electrochemical detector (ED), or any combination thereof.

108. The apparatus of Claim 105, wherein the two or more detectors comprise
multiple detectors of the same type with different dynamic ranges.

109. The apparatus of Claim 108, wherein the two or more detectors comprise
multiple ELSDs.
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110. The apparatus of Claim 105, wherein the two or more detectors comprise
muliipie detectors of the different types with difierent dynamic ranges.

111. The apparatus of Claim 110, wherein the two or more detectors comprise at
least one ELSD and one UV detector with different dynamic ranges.

112. The apparatus of Claim 105, wherein the two or more detectors comprise at
least one detector having two or more zones with different dynamic ranges.

113. The apparatus of Claim 112, wherein the at least one detector comprises an
ELSD with multiple light sources having different power levels.

114. The apparatus of Claim 112, wherein the at least one detector comprises a
UV detector with multiple flow cells having different path lengths.
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