;e3ec™_,a"al b ds< 2 2 OCT 1002 F 1 POTENTI AL GRADI ENT DETECTOR FOR
ELECT m LD OF THE | NVENTI ON The present invention is related to
sarrpl e

n el ectrophoresis. s #n-.particular, the present § i
is related twmbnductl vity detection in el ectrophoresis. BACKGRQJI\{)T/O@DFF e
| NVENTI ON Capi | l ary el ectrophoresis (CE) is a powerful analytical

separation 1 o technique for the analysis df conpl ex mxtures. In CE an
unknown sanple is introduced at an inlet of a illary channel filled with
aibuffer sol uti BQTEINW&Lhﬁd?A%ENJg@EIEQH@Be&p%r E¢ECTBORHORESIS he
capillary. Different constituents of the sanple mgrate through the
capillary at different rates depending on their electrophoretic nobility's,
and are separated into ~ s different zones. By detecting the

passi ng through a part of the capillary or its outlet as a flulmmmummum ,m
time, and knowiflGLDhWOBf THiR |W£WI'BIQNconst|tuents t he chem cal

conposition of the sanple can be determ ned. A nunber of det ectors %ave

been devel oped fo*i'?gg)reéé}ﬁ'lr'rw i%nqgéélgo\?éd f?ﬁgjarﬁbfeccgé@ ncallec%énﬁ 5% es:

El ect r ochem cal tron can 1ed 1n ree maln

anper onetry,. v y u

detection i g aqhgﬁ%;%ﬁéer(bttﬁ%g”gg@q ﬁlgﬁh{%dﬁgﬁgé T?&éﬁggw g%qe%héﬁl'g

Anal ytes are deieg Fﬂ‘(ﬂ? gause of their different conductivities to that of
t he background P B §' 2 ~ OT ~~~~ 2 One nethod to neasure
conductivity during el ectrophoresis is potential gradient detection, which
is acconplished by putting two electrodes in the applied electric field for
el ectrophoresis and detecting sanpl e conponents by neasuring potenti al
changes bet wee I r npl e conponents are passing
by. This net hoﬁégﬁ%@m@eﬁ ofﬂﬁéwgg}f)ﬁ@iesis (US3941678, 20 Feb. 1975
and US3932264, 13 Jan. 1976) and it has been nentioned that such a nethod
can be used i n ngdpillarCtelebtroptadresis LC rIsV@kfil)Werﬂﬂdaﬂaly‘ﬁ@ﬁﬁi%e&’#ﬁtlbhary

Zone E ectrophoreS|s chapter 7, pl47-150). There are, however, problens

for 1 o usipg uerniGHs mqhb'hrﬁlly%ﬁé bPERAPRX Mixtlressin EE taheur‘il{?'lb"'e\irf‘Qam le
el ectrodes need to be inserted’into the separation col urm or capi || ary The

procedures are g irﬁk&dl@éarm amlqﬂéteér Q%plll@?@%ﬁbﬁhéIYfllléd Whﬁ A Hufter SofitRIer of
the capillary is smal for exanple in the case of capillary

el ect rophor esi %nﬁuﬁurﬂ!tqlbéi/ \é’ei%”aé& #Q@rd%s”& etién 'B?rtﬁet rcfiplﬁ#?e%ﬁ&le‘?ﬁ‘ I's

that the sensing e estare 1 ari zed ur| ng el ec SI'S

or der t0. pr everion LRI SRS BB SioRE HRARE U BEIBS 8l BRfOHERNSe

that the el ectrophoresis process e pertor ned u con

and hi gh sensi oleh¥irzam indP! SbBFGonGIREE! AladiRPES A Sk sBBatsied) irych

as adopting v/ onverters | instru esi gn, reducing the
areas of el gct IRdes,£OMAC BN detctifly the chemicals passing through a part of the

capillary or its outlet as a function of time, and knowing the of the possible
constituents, the chemical composition of the sample can be determined. A
number of detectors have been developed for CE, including optical and
electrochemical methods. Electrochemical detection can be classified into
20 three main categories: amperometry, voltammetry and conductivity
measurements. Conductivity detection is a non-selective detection mode
and universally applicable. Analytes are detected because of their different

conductivities to that of the background electrolyte.



20 the buffer solutions and addi ng noni onic surfactant. However, all these
means can only serve to alleviate, but can't elimnate conpl etel y the

probl ens encountered. Therefore, conductivity detection is usually 2 QCT b2
acconpl i shed by neasuring the potential difference (signal) between two

el ectrodes while passing 2s through a small constant current (excited
source). Several designs are z ~ oor ~~~5 3 used for conductivity
detection in CE, i.e., on-columm, end-colum and contactless structures.

On- col um det ect©oa roethbd tbAnehsuréheonductigidy dubilg dl@dtrohatBsisUs patentinl No.
5223114, 29 June 1993 and US Patent, No 5580435, 1994) are usually nade by
inserting tw gedientgdeteatiomuwhichrisaccompiishéd dyspyttingttivoreleetpodésairy treo
that the sensing electrodes can directly contact the electrolyte solution
in the capill aagplied electrighfiaid fooblectrophorbisis andtddtectiigf satnpien conmponents | |
the question arises as to how to produce such structures reliably and

i nexpensi vel y. byheeasudng opatentigir ghbhges ataebhe these aivoeefboti@desn when
detectors (such as those disclosed in 1 o Anal. Chem 1991, 63, 189-192, J.
of Capillary Ess®pleopoangsients 1926 padsitglby. Thipanethbd SRS Ussen agbd Sor
patent 5126023), which have the advantage that the sensing el ectrode can be

constructed dijsetddhophbrddie (08I0 698, t4Te FebPargFh aRdceBoBRRE4, Y Jan,
end-col um detection, the correct ali gnrrent of the sensing el ectrode with

the outlet of n@ps)saﬁar ﬁthé?s”bééﬁ' Heﬁh?énédsthhﬁ stith ta Gabthbar céh'QSee%%ed in
However, the alignnment is usually difficult due to the small inner dianeter

R n T e i LI
E:a:msl Ing yO Thter efC EHBF&% ?:t ?%gég?ﬁbﬁ con "‘ﬁé\he\?%r th{} @P%rf&“ 0”
sol uti on. M()Weggh this rhétr%l‘?ﬂﬁre%#}/qﬁm &8s el-dlrétpﬁihé Q&n&ﬂ ffbe%{fbtl on

is not sensitive nou Structures are ar e

oo 95251 ROU B dRAE STRAH G, PO B A
Al th h th h d

ot oot Con oot ChiFiesSHRr Al ERE HbatiauR R hhaf piskSetEE of fie BRBMRG! s
detection) are aﬁh’d ased on th dlfference |n ?ondu ivi.ty between the

el ectrophoreti &M fxamwple fetheraneey ¢ tropnpresis AkeHal: Reesh i s s

the nost widely used technique in capill ary e_I ectrophoresis. Therefore,
commer ci al | y al@iH180Ipgn)aidecparenaéjoute protilemdisdbatithet $ansing édrcitadesnare
systens typically enploy the potential difference detection nethod.

15  polarized during electrophoresis. In order to prevent formation of bubbles
and deposits on the electrodes so that the electrophoresis processes can
be performed under stable conditions and high sensitivity can be obtained,
special means have to be used, such as adopting v/F and F/v converters in
the instrumental design, reducing the areas of electrodes contacting with

20 the buffer solutions and adding nonionic surfactant. However, all these
means can only serve to alleviate, but can't eliminate completely the

problems encountered.

Therefore, conductivity detection is usually accomplished by measuring
the potential difference (signal) between two electrodes while passing

25 through a small constant current (excited source). Several designs are



~~~ d1..4y 5 OBJECT OF THE INVENTION It is therefore an object of the
present invention to provide a conductivity detection system which gﬁ tes
the need to insert electrodes into the separation channel. 5 It is2 bﬂﬁeﬁm
object to provide a conductivity detection systemwhich is effective and
sensitive. SUMMARY OF THE | NVENTI ON The present invention provides an
on-columm el ectrochem cal detector 1 o basid on the principle of potential
gradi ent detection for electrophoresis of Sanples in which the electrodes

for detection gssd RBY topalibiit Seé@cﬂgn |F10(1‘Et he. ebﬁfédltﬂﬂhoréﬁd EolBRRATgHd On

channel, but maintain the sane electrical potential as the correspondi ng

|nter|or of th e S n
el ectrodes ar eé%rgtla 6%&5&9@@@? Fécsggrg«gtéfu\;?\r/l}d[ ﬁ@%e%geflirkgéllgl crﬁfo% %ﬁ‘e‘c ﬁgg?rbgghm

Wi thin the el eﬁf’ﬁf’@"}% GU§T|§$}@HP?J0 5@2@9‘13”‘%ng&1&99’§§th8 889 PARRRS No

formation are elim naté he "appar atus cah na use of ‘convéen ona1

separ ation Cha@@&‘? 4 Ly dr@![l.ﬁetaﬂfqn%)@'Bg%&?mhgé%r%é}{ egﬁ?%ﬁﬂ%?'v&lr@d an

outl et end connec to a ou eservo he priesent

added and conniiy abe SBrAFRRY Sapihy ot HER bR Srishng RGN <38 LB o,
the ol eciri cal ?@“%851‘36% ?(?ﬁﬂwﬁé"aﬁ&u}wf* e BlRRG A0BuoR, PAERLA 7

conductive el errecﬁ :-1{1 gs E ttr i_cal Ig'sote ﬁ fromthe .interi r of P
separation chafR{UGYNEHIC detegtion, works well, 4 Ml&ﬁfﬂpa ?H@%e‘?‘% ? hQWelR oj r
W t hout det ect a%qe bul k flow of el emophoretl c ne Iéi q_r npl es.

Det ect abl e bul RFOQUSR, ¢ty siructires defiall¥nand IBeXRNISI¥RY or h§afﬁ9r% eYnEpn
extent that there is detectable interference or disruption to mgration of
the sanple. ThPcHeeea® dhe ¥e9 of and-eplyen detestars dsueh asithese B the
met hod described in the present invention. In one enbodinent, the

conduct i vel®| effeak Ghem, {J ot e139n1%215\é|®fr@@ﬁl5ﬁfYcﬁ&¢H@Ph%ﬁﬂﬁ of998sk i
silica tubing. In another enbodi nent, the conductive elenent is a thin
layer of poroudlglUSspatent n229%139, oand Li$hipatanty 5Ji288R3). avhieh r baver the ¢
chip. 1 o During el ectrophoresis) the channel and reservoirs are filled

wi th el ect r ophadantagestiatithe saasingeslgeisontiel cand bpooensteicted rdiksty f atothea
power supply are connected to the outlet and inlet reservoirs respectively.
Sanpl e det ect i outlétsofathid eepdraiipns eapillary. tFer pod-eotirah detadtiemt tHeecomreat t he
conductive elenent and the outlet end where the sensing and reference

el ectrodes ar ealigrepenttofibesensimgesitetioden withehproettiet obtheesdpatatiemtapillasy
di stance between the elenent and the outlet end is also preferably as small

as the | engt h efcritibal foagpbeeys. urgawwew they alignmend iw usuadigndifficuitidue & the
detecti on and resol uti on. ' | ~~~ c.~.aG 7 BRI EF DESCRI PTI ON OF THE

DRAWNGS Fi g. dméay mr%l%%téryﬁb‘iﬁh —q@bﬁﬁf | fh&ebpmdsy. described in the

prior art.

Another solution offered in the prior art is contactless conductivity
detection (Anal. Chem., 1998, 70, 563-567). In this method, two electrodes
are laid on the outside wall of the separation capillary. Therefore, no

20 electrode is in contact with electrolyte solution. However, it is generally
accepted that the contactless detection is not sensitive enough. Although
their structures are varied, all the prior designs should ‘use their own
excited source and considered the high voltage applied for electrophoresis

as a noise source.



Fig.-2A is a schematic diagramof a capillary electrophoresis system as
descri bed in one enbodi nent of the present invention. s Fig. 2B is an

enl arged view of area G as shown in Fig. 2A. Fig. 3A shows the electric
field as detected by the data acquisition systemusing the capillafy OCT Z.i?
el ectrophoretic system shown in Fig.2A without sanple. Fig 3B shows the
electric field as detected by the data acqugisition 1 o systemusing the
capillary el ectrophoretic system shown in Fig.2A when sanple is injected

and separ at ed i ntAdthasghstherihgee sechniguesc Heaenhed abaye diveopotantiahigradient p CE

systemto illustrate another enbodiment of the invention. Fig. 5 is an
enl arged vi ew oetestien, Hpetentizdowlifferense g detectionFiand ccontaetiesiso ctordiugtivilyn of
a circuit for the detector to illustrate yet another enbodi ment of the

present i nvent detectibnly.arg alk based| ent thepHéfesgncaniobtendustivilg i begwidea $hst em
shown in Fig. 2A. Fig. 8 is an el ectropherogram obtai ned on m crochip CE
usi ng the 20 segkcthophbretic mediting.antl tHe sampless patentiad rdifférende adptaatiari iy et
anot her enbodi nent of the present invention. 2 CaT~,.~~s

DESCRI PTI O OFthEHENdStMEATElIYONsédetecbhicquet ity caefliairy esleciesphionesisonT lereforebes
the preferred enbodi nent for inplenmenting the underlying principles of the
present invent commérarallgkavaikable narnd ecominonlyo dedcibiet r carrfudtivibo véstection hat
the following s description is nmeant to be illustrative of the present

i nvention, andspdteristtypically employ the potential difference detection method.



not be construed as |limting the principles discussed herein. In addition,
certain terns are used throughout the follow ng description and clains to
refer to particular system conponents. As one skilled in the art wll

appreci ate, conpanies may refer to a conponent by different names. 1 o This
docunent does not intend to distinguish between conponents that diPﬁFUCT”E{?
name but not in function. For exanple, the5pair of el ectrodes for o
el ectrophoresis are referred to herein as "ground” and "power" el ectrodes
for clarity of6ﬂ§ Lpti g: | Fﬂ@ﬂ tood by one skilled in the art that
the ground ele iﬁé&pngﬁgy'l “9& g‘\?s or floating, and that the 1 s
power el ectrode nmay be of positive or negative polarity. For the sane

reason of clariltiy thérefieecan pbjedn of the ppedant dhvetiont Iogrvidea BORAIBtIVRY
gradient detection are referred to herein as "sensing" and "reference

el ectrodes. |t defuutiofl HEstemdwhichoepviaisdt tHedeedcsinyagn eletlodadeint®thd be
the sanme type as the "reference" electrode. Their positions can be 20
exchanged wi t hsgpaftidhh@lanmdhout affecting detection results. Wen
perform ng el ectrophoresis on mcrochip, at |east four electrodes are often
needed for sanBLe i ntroduction and separation. For ease of understandi ng,
these el ect? odddSAN0taerL98]ect dg RIQVidgoaesonduchyiby, Mgtection, system avhich igst e

el ectrodes. It should be understood that the exact 2s potential on these

el ectrodes ar e©ffeetiva Rad senpilivemy be set up according ~ Z (ACT ~~~Z 9 to
t he needs of the user. The reservoirs on the m crochip have al so been given
the nanmes "inlet", "outlet", "sanple" and "waste" reservoirs for clarity of

description. It should also be understood that the reservoirs can be used
to contain different nmedi um depending on the experimental conditions
required. Furt SUMMARY O DHaFHEC INYENTIQN and outlet reservoir structures
are required if mcroinstrunents are used to |load small quantities of
sanples directly 4 I : : e.f i i i in
T%Bnéé&%t I@eﬁglpﬁrw%\g\g?% tgla %ﬁn gbiugm Bﬂac‘ijﬂo%g}éﬁgéég THetBBfor an

the clains the ter I ncl udi onprisin uséd 1 n

open- enedyd ashedla ol dhrb o 9 By Biad M IO LSS A 1
e ol her e ohAIEH i STb AT o e RBLSEL A R g g
ot her devi ces, T BlegTtoBRprelis SR Ale oo UCDRLER 1 SaiagypieeuiGaT

el ect rophoresi s j |t shqul d be

s used for purposes of illustratiqn. .
Cnder Stood by BRISTERT Bsclhe coreaponding aterioh o das e BT RIIPLE SRRATRON
applied to other types.of el ectrophoretjc separatiqns, using. the teachin
orovi ded her ewRAING Sices e saRsing. SIREUPHSS Bie Ngt 181 ditset AOBAGI WD 188 ¢ -
capillary tube, 20 illustrating the prjnciples of potential gradient and
o nt il 111 elaevoBnatlis. hesiiTe e EHERr el SBaRM AT IblomEcue L | 1
t he potenti al géadient detection systemas shown in Figure 1A the two

sensi ng el ect r Kibybhlganddeposit tsmatipRtase @iptiaatedwi t h the el ectrophoretic
medi um at two non-parallel positions along the |ongitudinal axis of the 25

el ectrophoretic Ch?é"ﬁﬂ)arja?us ¥R Fhakes usO DR BEhGShtidhaR JRPURAticHPEh&Shel Witk C,

~~1~ ~~.v~~ 10 generating an electrical potential between ends 12a and 12b.

The portions OBntiM%héhS%bhﬂgét%di tg q‘rPi'Pﬁé}‘-‘réfé\‘vBE dridfars Bbﬂélli &gd k?ﬁﬁ&&e& &
ggP;L{?g% L;Pﬁ hs S Oﬁg I'n ﬁt;e ngi-oq% tﬂszoten%%Exgﬂl Sriﬁgfi
contact with tae’%hgﬁec$§%%ﬁ6?%??§8nedlEn1aﬁ exagﬁ#%nthe saﬁgh & S?ﬁ

et woen entl 1isterfa i ff%ﬁﬂfb%ﬁg CordEh RS R s ARACRAY, ol 16
Because t e seltd HPaRlBh oftuinel Vb F baRRbARER el il P SR Bhafe

el ectrophoresi s ubbl e .and osi t on the surface of the Sﬁnsing

b d f \
oot o oo L SepAaion s HiHiel; & sersti. slesftotd I suffeidtd 16 ing gloeficafiy
| 1 h ti dd . t he, det ti itivit i th
Sensing. ol ect r SABAUCIVE EeRlER TR hF FenRIOtesEiaUp TAIecPRANAMA RIP MR gur es
S anti ol o plins scifed qotaial fR MR e o PG SeparaEam, ShRanel 1o 58



present invention. A 50 p.minner dianmeter fused silica capillary is used

as the separation capillary 32. A fracture 58 is nade before the gg?l@ﬁ Of,w
the separation capillary 32. The distance L between the fracture I
outlet, usually between 0.1 mmto 5 nm should be near or snmaller than the
20 length of the sanple plug injected into the separation capillary 32 in
order to obtain maxi mum resol uti on between,separated peaks. The capillary 3
2 is then inserted into the buffer reservoirs so that the outlet 37 of the

capillary is cpansehed t® #e |RhsbPSRIseaidir 8ithdutadletsRabi® ibulle URGRT @d in
sensor reservoir 34, and inlet 31 of the capillary is inserted into inlet

25 reservoir 39Iecﬁ99ﬁoiéﬁ‘éuhi§duﬂﬁ BEseRfpled. CDRIAPABIE Bdikaisw 3Bférs R dige DY

~ ~l.i".r ~ 1 using an insulation layer 54. Running buffer
sol utions for ﬁio%mémh@rr 88iute 36€ shhlgi€ dol ahoeheﬁt ttﬁ‘éte‘?héw ﬁ&rdétéét‘?db\!é" rs
as well as the bore of the separation capillary 3 he ground and power

el ectrodes 46 padhgng éeorgﬂg ‘Fibﬁq %Fd?al‘icﬂﬁof"tl%‘s&@l é‘g?h*% écﬁbﬁﬁ’%ifo to

apply high voltages nee or e ectro resi s nsing e ctrod is

B, and'a rer epBrobel Al e%ﬁ%iﬁf*pﬁ'?efﬁgd%ﬁ%t Q*ﬁ“ 8 Rl REE
out | et reservohp%s%ﬁ HE@%O § ﬁ]l eochter %tqﬁéocf%e ﬁ/@ﬂﬁlgél gf %%4?%aém 50

are used to sa ntials ween e éctro and e data

njoctad by Liﬁﬁié?%iﬂ?@%? Bl sl PRI sl M SMoR Bl P fRbat i o

capillary 31, an h,vol t age plied t he ground and power

el ot 1 odes. sanpPedieds therordicBRoBanES i iayaT chectis Atss o1 the

di fference betme n the r rode 42 and the sensing el ectrode 44
over 1 . TheWel T & GiR G AerBeL ol LR IGUCHIS. F v, L1 i n Capt || ary

el ectrophoresis: PrlnC|pIes Practice and Applications, Elsevier Science

Publicatiofng, 19%%uring eslesesidresis, IheVeharhel hendbsenidiguags gy bgitised
for conductivity detection in nmany methods of el ectrophoresis. For

sinplicity, cagidetraphoretidenfidherh! AUPAOTHRS igfourfe dRd beweRosieBtrd@és Gidh 2 ni ng
the principle of the present 20 invention. Figures 3A and B show a

theoretical el gglbt §u;5p|9la¢e %hﬁé@teahs tﬁ@bnﬁépaﬁaiwet FELEN Girs Pdspredivblyar y
tube 32. Figure 3A shows buffer 3 3 alone. Figure 3B shows buffer 33"with

sanpl 65 X and Sahftl g Gerenpitisseiivid By SBhRMAY Bhterfbl spsiibt BBRLeSH. 2

strai ght baseline ectric oss e caprilary 32 as shown

0 Fg A TS SRRl YaigheAl otk %ﬁebSEﬁ‘étS%Ftdh%vHé@g'ﬂ{?f S ddd

honmbgeneous durin wever, soIe

The. sanp! ¢ Son] eﬁ%erﬂcsx'a&%*fﬁd%ysgé? PRl hnepR A° FEN mistted ' {1
Lfﬁ“?'ﬁ%r bt‘L%ﬁr omzBEfeftc "‘Pén%fﬁa‘ésuﬁ?tﬁ’%%gﬁ*hﬁsmkné'ﬂeﬁﬂ”%éﬂﬁ'% S < Ly',
the runni ng buRREr pr%‘?ﬁ*eabix Sa'é?%wl? Fearfl, 'ﬁﬁé‘ﬁp of ity <SPRPLE il a8

will be larger than. that th ffe ig. 3B). Wen the sanple
conponent s ar eMFXYBEZRF B! l"f% Oséfﬁr?ﬁq'oﬂ &"f racture 58 and the outl et

of the capillary, the potential between electrodes 44 and 42 will 1 o
change and the analytes A or B can be detected. A simlar design can be
used for mcrochip CE as showmn in Fig. 4 and Fig. 5. In this enbodinent,
only one capillary channel is shown for ease of illustration. It is
understood that a CE chip nmay have numerous channels with various designs.
The mcrochip CEin this exanple is made of two 15 glass plates 60 and 64.
On bottomglass plate 60 is fabricated separation



.channel 78, injection channel 80 connected to sanple reservoir 82 and 62,
and sensor channel 68 connected to sensor reservoir 66 and 70. Sanple o
| oadi ng el ectrode 86, waste el ectrode 90, power el ectrode 88, sensd AgliCT c.vf
el ectrode 72 and ground/reference el ectrode 74 are fabricated to 20 connect
to sanple reservoir 82, waste reservoir 62) inlet reservoir 84, sensor
reservoir 70, and outlet reservoir 76 respgctively. On the top glass plate,
access holes (not shown) are drilled to access the correspondi ng reservoirs
and channels o Onel I | ates are bonded
t oget her duri n&*% %EﬁﬁJﬁﬁﬁtQchwﬁ%‘@ﬁﬁ&duct. ve wall 71 25
bet ween the detection channel 68 and the separation channel 78 is |ess ~
~ & ~'T ~~ 13 thhiy. 40pand prarbaypibhlydétestiort hethafipdedoribelddn ahe psibl atat e
gl ass. Sanpl es are | oaded using the | oading and waste el ectrodes according
to standard methods. ,It. has been.shown that a thin |layer of glass is ion
conducti ve. Based" @n2f@ as%ﬁ?@"béllcn&agraé"oﬁ&%w ﬁWaE@\?HOPEPr > Syslippl @s
conponents s in mcrochip CE can, be dejected by measuring the potential
bet ween the el WPB%&'WE”%WW'W@NH ﬁ@@%?éb%?@@?%. The di stance L2
fromthe detection channel to the outlet of the separation channel 78 is
near or |esg thanFigheplignatéhiaigedhiewdmaréa Bl 49shbwh iR Fidianel made of
glass, this thickness is preferably several tens of mcroneters. For
m crochi ps nade 1_o from ot her types, of, glass or fromother material, the
t hi ckness of the E'Sncﬁ&tg}‘ﬁ?é’svﬁ]q e '%é'egE@@r detestech pYothe sata raganksifionki | |
in the art wi thout undue experinmentation. Experinents have been done in the
| aboratory to t¥siem Heingethei eanifiary QJECWW%ﬁg%éﬁﬁteﬂh\‘ihﬂWﬂdﬁ. Fige2A ayjthiaut e
and detect K+ and Na+, 50nM 15 triethanol amne (pH 6.5, adjusted by adding
HCl) was used &8MPléning buffer for CE. Platinum el ectrodes were used for -
appl yi ng high voltages. The sensing el ectrodes were Ag/ AgCl wire (dianeter,
1 nm electrodes.gG LSt r en,,f res) st 48
F@:ﬁ%’&\a[&ﬁ@o dlecttic field 46 Fot6083 B?ﬁ e YAk _a%ﬁugé_lﬂé}ﬁan g

and 50. Data acqui I on was tal ned rough a m cr oprocessor

5 ohow 20, 4Pl Skl SBIO I EARIER SRRoRE g iSRS, 5 LGS .,
the above expl QRAQN, inEeGare difahatolThgghrig, W 11 exi st 11 hi gh

Fig. 4 is a schematic diagram of the microchip CE system to illustrate

another embodiment of the invention.
Fig. 5 is an enlarged view of area H as shown in Fig.4.

15 Fig. 6 is a block diagram of a circuit for the detector to illustrate yet

another embodiment of the present invention.

Fig. 7 is an electropherogram obtained using the system shown in Fig.

2A.

Fig. 8 is an electropherogram obtained on microchip CE using the

20 system shown in Fig. 4.

Fig. 9 is a schematic diagram of yet another embodiment of the present

invention.



voltage is used for electrophoresis, and the voltage is not stable during

el ectrophoresis, as can be seen in the baselines in Figures 7 and B%T

2 Cl~~ ~~~.~~ 14 inprove signal /noise ratio (S/N), the ratio of t & cil
potential nmeasured to the current generated during CE can be neasured using
a noise reducing circuit 94. One enbodinent is shown in Fig. 6. The voltage
S1 collected fromthe sensing el ectrodes a#td the vol tage S2 due to the

Gividing the oRERERIETINCRRSTRE AYVENTIIN S5 °1 PO A ¢ hrugh & divi der

A3. Fromfigure 6 it can be shown that: |

VIRO............. The following detailed. description .descnbes the preferréd embodinsdnt=

I XRS X(R2/ (RL+R2) ) . oo oo oo e (2) S2 = | xR3. .
...... for implementing .the .underlying principles. of. the.present invention.. Ohé)

Sl Sl x( 1+R~/ R5) . (4) S2'= S2x(1

R~/ R6)...... . skilled. .in- the .art - should . understand,. -howevet 5)th&E the f(ﬂlb'v(/ing

S ) (6) 1 s From Eq 6 S=

ki (S1'/ S2'g = kidascription is-meant to- be illustrative of the- present invérftlon\ipvdesaididx
{(1+R~/ R5) xR2}/{R3x(1+R~/R6) x (RL+R2)}=constant Fromthe above results,

one can see the gy BBQ!Oﬂ%trbédFHsolﬁ}ﬁfthgoﬂl’@' ﬁr%uﬁgs?d?scﬁl%'slédarﬂﬂeﬁptlnaidco@l%r?d by

vol tage, current or the resistance the circuit. In other words,

01, 1l R 05t 98 e g 2
reduced and the g@tig PAnidlLARAystén "BriBoNbrts. WEPbAYEskilled in the art will
appreciate, companies may refer to a component by different names.
10 This document does not intend to distinguish between components that
differ in name but not in function. For example, the pair of electrodes for
electrophoresis are referred to herein as “ground” and “power”
electrodes for clarity of description. It is understood by one skilled in the
art that the ground electrode may be at zero volts or floating, and that the
15 power electrode may be of positive or negative polarity. For the same
reason of clarity of description, the pair of electrodes for potential
gradient detection are referred to herein as “sensing” and “reference”
electrodes. It should be understood that the “sensing” electrode could be
the same type as the “reference” electrode. Their positions can be
20 exchanged with each other without affecting detection results. When
performing electrophoresis on microchip, at least four electrodes are
often needed for sample introduction and separation. For ease of
understanding, these electrodes are classified as “power”, “ground”,

“sample” and “waste” electrodes. It should be understood that the exact

25 potential on these electrodes are not fixed, and may be set up according



‘Those skilled in the art will know that many variations of design can be
real i zed based on the sane principle as described above. Although a s
separate noise reduction circuit 94 is shown in Figure 6, it should be
under st ood by one skilled in the art that other equival ent interfdc@dEHr el
possi bl e. For instance, the noise reducing function of circuit 94 can be

i ncorporated into a sophisticated data acqyisition system 52 as part of its
internal submodules. 1 o As nentioned above, the distance between the two

poi nts wher e poteihel ridedd dfitRe @ider Tie RRaRIRDLH Bedmidrodhip ha/d BIsH BeerB and
5 respectively) is preferably smaller than the | ength of the sanple plug

i njected in ordgivehotiedhahiesTeiKiefiMougse] usdrfple” Farid CRisté@¥servoirs for
el ectrophoresis, the length of the sanple plug injected is typically around

15 1 mm Ther ef glagity &f detrivtioR! © sROEIICAISO Y UrRfeFstbBanthat 1B IddefidHl ca®
achi eve high resolution and sensitivity. Thus good electrical insulation

woul d have to bgeRisuy 46 dpRaineaffeldit MBRIUTR gePdntth@ b ithe éXpdHimahiare! V.

a channel with a snmaller dianmeter than that of 't he separation channel may

be provideg bet Wtifu‘?&e ré%\ﬁelréﬂaqsdﬁ |dHh PO S §g$ﬁ&fvart et érfbe oftist gér%?v&s)

t her ebet ween may be [ engthened w t hout conprom sing resol ution

sensitivity. On | .4 S e Wl O hi lie, | t 101
and outl et ends&{l‘g&;m(t)gtg %r%arpl uIﬂ)gray Ift lgﬁg%irbsjrqﬁgégtﬁoaﬁg elﬁéeajttgble&#gzérﬁéﬁ
separated into s L Of ; aration, has a |arger

di aneter D1, mhé&%“§g§ﬁﬁéﬁ§@§§§g@ggﬂ%ﬁﬂéﬁﬁ%&m%u et end in this exanmple, 25
has a smaller inner dianmeter of D2. A sanple 109 of length L3 is shown to

~ 2 C—~~T ~~a;t I6tme dollavengrdiscudsion,nbmd inothehelaons Ithe temds Asclubdmgsanpl e
noves towards section S2, the length of the sanple would be | engthened due
to the smal | er‘hdvingtaeyd tdontprisindgiaareelsed in aheopew-ended ufashipnp cind husor
potential gradient detection (which are fracture 103 and the outlet end in

this s exawpl eshduld bedrictiodted te emdarotindddingt buisnetl liraited hat...LheAldbstnce
bet ween these two neasuring points nmay al so be proportionately |engthened.

Capi | | ari es W tefmVadrycodpldsaEihrirtiedan meareftReban irdifeat of AlFEsY sledlrical

machi nes for meking capillaries or pulling one end of a capillary tube with
uni f or m di amet@inricetighodneg Pne fieddaviéd “@ogprab! tdi angdindeideficeBeahhng 1 0
the tube. Commercially avail abl e machi nes include Laser-based m cropipette

pullers, for egHAdclohAafdRDQ dirédt sluétieal LoRkETANbr Hroughaanshairast

m crochi ps having varying sizes can be easily produced through different

mask design ar\qea%ppeshﬁscﬂd?ﬁv&oef Prdcicos? b alitAInesn @Rive K@Wiurh Nof he

art. The electrically conductive nmedium1l s contained wthin the various
i ) t | ! I i t i i

sensing, a4l | Korftadiibhl SEapRSA/ %@Fﬁgﬂgﬁéﬁ&% %f@@gagﬁ EENRBlrmtion.

dependi ng on the applicatl used si ass substrates
are conmonly ' AN ' ' .

subst rat es, * subhodt 57 BAEROR Y LRICE iindn Mef ir Reme rindblE
al so. 20 The I t,.0 i i St . cLLaphgretic
channel s by pﬁég?%Sb@}(ﬁ@Jétﬁggpgf%ﬁeﬁfgiegﬁgphg%%f%érdagggﬁﬁpﬁge,g'ﬁg oendi ng
sonme filters j nmet hod coul d be, for exanple, thernmal
bondi ng for n&%?gﬁﬁggyggﬁkggigggﬁhplasna bondi ng for PDVM5. For a fused
silica capillary, well-known techniques such as fracturing, making 25 a
frit (US Rei ssueffiguaesttA 668 B shownal sapiidry ohgn peéstnephrorafic eapillang ttubeng
~~J |1 L J ~ 1~ 17 (US patent 5169510) may all be applied. For glass
channel s, 2a t hillustvating ¢he JriHinlepraff potehtinl Hradient rmd poterstizd. diffeeermmst
effective thickness is dependent on the quality of the glass, and may be

determ ned by gutectdn asydtaras Yrespedtivelyn dsh&nawin ty theutarinelnexingr poentiat i on.
s The detection channel on microchip CE could be on the top or the bottom

of the separ atgmdicHhanatetioRt terhhas sows afiFEigaRt 140 tHe tdePaeakim)
channel . The el ectrodes for sensing can be other el ectrodes, such as

cal omel el ect rgdgtroddAt10WNMhAAC1 @Bl @omBrentoetentane avitl aRbr eRRtiophbhgticut | et
reservoir can be conmbined with the ground el ectrode. For

medium at two non-parallel positions along the longitudinal axis of the

25 electrophoretic channel 12, which is connected to a power source



1 o mcrochip CE) both sensing el ectrodes and the el ectrophoresis

"el ectrodes can be mcrofabricated on the chips or just inserted dir i}l A1
the buffer reservoirs. It is also possible to create two or nore (20§ *f:.ﬁli-‘-\‘sz
el ements on the capillary or the separation channel in order to detect

sanpl e conponents at different places. For exanple, by having two factures
along 15 two different points of a capill gg)y tube. The reference el ectrode
may al so be positioned away fromthe outl end by creating an additional

conductive ele rafing bReckRficat RoREhiisl bBEREHPI dndsOH 2P NAREL19B. tPhd he
reference el ectirode. ~r d...:.~ 18 CLAIM5 1. An electrophoretic

appar at us Ccompgé$ioR8:ofth8 WNECtratidRPhYcdMthdt \ﬁiﬂg'ﬂ%‘gggjﬁ ﬁcihé%efr?é‘éaﬁgla?y‘er

el ectrode; a separation channel with an inlet en an outlet e

contents of Safu%eﬁgl%%gkui iﬁruo@ﬂé_arlml%ls. R p&gﬂiiaﬁam éHdeCHotERHLN Théfidd! €St
t end e a ed t p

. F .
sanples, said inle ectrically-coup o the power electrode of said

power supply, ggl gfd;_géhﬁﬁ%%é’ct%cféét ‘ihﬁaﬁ'\é{ "I%B’Wa%@.tb‘bé *i}?c%ﬁ&ég%ﬁ{ fied r ode

of said power sup sald separation channel passing throug sensor

eoerve 3 SREOBA HRuap iy FRCEA crol hephrYang cfo

separati on channel Tsol ate rom p ents of
sai d sensor re I d i : OV n J p. tion
channel ; and aélﬁéri’ré@lék%&agﬁi%ﬂ %"%tréﬁ%“\?&]e@ ﬁegt%teg{l@(:{)%ﬁgeaq Sgﬁ%ﬁkiglf@gnsi ng
el ectrode and [ [ enc l.eckr [ | ectri cal ential sensin

el ectrode in J‘%‘Bﬁ lﬁ%i?s'%t@ﬁf:écqﬁ tl&??Fci@pﬁre@g@%ﬂ&n?g@%%ﬁorﬁ#aeg usmg?

el ectricall y-COUﬁ{ (?ld t o _sai c{ C ntentﬁ of said |setgac{]eati n chagﬂel via said
conduct i ve el eAEMAGF-CsEIECNRRANVEEN S eéﬁgﬂﬁgﬁegq Y SRR SNEI e
electrically-coup]edq to sai.d.ground el ectrode,. said. reference el ectrode and
sai d oround el SEbketes S it b plegR A Hhrind Bcatiorbreds. bauls A

wher eby el ectri cal ,'80 enti al i}f@sai contﬁn s of said ;ieepar ti on channel,
at the poith ofieRes du i ef , Obintnes s$ensing | electiogiesaydyp to
detected by said data acquisition systemw thout causing a disturbance to
the flow of saglgctreshemical repdligns, wajshy wetlshaliend the electiopheretic precassor et i ¢
apparatus conprising: a capillary electrophoresis array chip containing: a
plurality of caplldesrgass e &iﬁtﬁﬂﬁloﬁhéﬁﬂﬁéﬂlthc@ﬁ@aithﬁr&?"@ﬁtﬂaﬁgﬁtqtmﬁe@eér@m
~i~~ a.: : 4 19 each said capillary separation channel having an inlet end

and an outl et direptlyewithinsthe®lectmphosetic sbaanelt i on channel separated from an
adj acent sensor reservoir; each capillary separation channel having a

conduct | ve-el rerqegtind 98°Bidl W SN caBEnF ARURIRSS TS

separating content Said capillary separ m conte

sai d sensofy 1 St OLh S ALhYAEThld ht8bRsT EhAGHR0G'ALoddRINRE Wil fhe
reservoirs and sai d cdpillary’separation channel's; a power supply wth: a
power el ectrode electrically-coupled to said inlet end of sfli d . capillary

separation chaPigsPnhifyeptign-ohind kMpnet diaraster fusachpilica capplasy is &sglgifbs
outlet end of said capillary separation channel whereby conponents of said
content of saighecsgpdrhioy capillabe 32¢pRfratire 198 & prideamfere feoutlet of the
separation capillary 32. The distance L between the fracture 58 to the
outlet, usually between 0.1 mm to 5 mm, should be near or smaller than the
20 length of the sample plug injected into the separation capillary 32 in order
to obtain maximum resolution between separated peaks. The capillary 3 2
is then inserted into the buffer reservoirs so that the outlet 37 of the
capillary is connected to outlet reservoir 38, fracture 568 is submerged in

sensor reservoir 34, and inlet 31 of the capillary is inserted into inlet

25 reservoir 30. Good insulation between reservoirs 34 and 38 is made by



a data acquisition systemw th: at |east one reference el ectrode
electrically-coupled to each of said outlet ends and a plurality of

el ectrical potential sensing electrodes each electricallycoupied to j%ﬁh. 5
sai d sensor reservoir whereby electrical potential within each sepatati'on-v4
channel between said conductive elenents and said outlet ends may be
nmeasured by said data acquisition system 3. A nethod for detecting sanples
in an el ectrophoretic system said nmethod conprising the steps of:

i ntroduci ng sagsihgsar msQnatmrﬁtay@atwfR@nrﬁﬁg%lﬁfér%lmm%r élbbir@ﬁh&\#etslfb an
el ectrically-conductive nmedi um separating conponents of sarrp es

application of 3@ ¢fbA FRd thet ﬁﬂééaﬂ)uf*@rt Y@ﬁ?vﬁrsoc%erw &d rt ebBrre‘”Sf”me to

the inlet end of said separation C—~T ~~~~ 20 anne and a ground

el ectrode proxigmdration |If21‘r'§r '39t d?r%hnaaér% peRer %tlécﬁfbo%@aﬁ‘ﬁeérh

permtting, via an condu tive el enent between said separation channe and

dj t
S50 d Soparati oo Mo ST wClie h eI poRr ek, 202t BRETRIGR Db EeS
limting passages@dq S8rMRl&st dgﬁﬁé’élg ?‘:%H@urﬁ lPEbtFiRNAQ! i %Lﬁgint leefd? %Ilyf

reservoir, discharging sanp sinto an o I €SEervoir

sai d separatio I C om
sai d sensor reé;%ﬁ/lg:fﬁna ec rf?‘ﬁ;?:&ﬁttalrf ans¥é;¢§or‘?3§§%g§ i éw%ohgfég%ﬁee;n

el ectrical pot r tle ervoir. er eby
dat a acqui si ti%'%gggé? ﬁ\é}gﬁ’gﬂﬁﬁq@g Sé@ﬂ@ﬁ) P(}el%o?{fgggg nnog {?ﬁec%?'} %ﬂt act
W th sensor v0|r trode in.elegtric ont act

out | et reservoé? F‘Fﬁf a?lllecg ga?“ﬁoﬁn{‘i"% ﬁ@é%rﬁriih &sﬁ&tﬁﬁ?nf" 5\3\” %an

el ectrophoretic a tus cordln toC1 1, fur sing a nl et
reservoir conn%%f‘g ge(i'r?l'set N&¢ens & %Crpf 4‘25@‘60@ figr t '?%t af“{ﬁ

sai d separatl on_ ned] umto whi_gh id wer el ectrode is coupled. . 5. An

o ect r ophoet | %C%ﬂh?%usugtea&éé 5 ot e serfatia (e SagutipGem b, TaRClESt | et
reservoir connechgd to said qutlet end) sajd out]et reservoir for ret ai ni ng
sai d separati opY emymam'mlew%paeljacyehweépéeppb% metheds nteacaplianh
el ectrophoreti¢c apparatus according to Caim1l wherein said conductive
el ement is conhibcanrdiathigh veollage aprhed belween she Wreunsd apdi ppwemelestrodes.
el ement is electrical Iéﬂlonnect ed to said sensing el ectrode 2 ~~ T

L.~ ,~ 21 vi aSemgla detestipy is eehisvedvey seasing thetpateetinldifferancedbetwaensi ng
reservoir. 7. An el ectrophoretic apparatus according to Claim1l further
conpri si ng an thel referepse relestrodeodd @nddbetsensingl elestrotde el oveaitiong. nThase
reservoir for
15 techniques are described by S.F.Y. Li in Capillary electrophoresis:

Principles, Practice and Applications, Elsevier Science Publications, 1992.

The embodiment shown in the above figures can be used for conductivity
detection in many methods of electrophoresis. For simplicity, capillary zone
electrophoresis (CZE) is chosen for explaining the principle of the present

20 invention. Figures 3A and B show a theoretical electric field across the
corresponding section of capillary tube 32. Figure 3A shows buffer 33
alone. Figure 3B shows buffer 33 with samples X and Y being separated
by CZE. When a high voltage is applied, a straight baseline of electric field
across the whole capillary 32 as shown in Fig. 3A is theoretically obtained

25 because the running buffer is homogeneous during CZE. However, some



retaining said separation nediumto which said power electrode is coupl ed;
an outlet reservoir connected to said outlet end, said outlet reservoir for
retaining said separation nediumto which said ground el ectrode isygoﬁgtedhz
and a sensing reservoir connected to said conductive el enent, said e g
reservoir for retaining an electrically conductive nediumto which said
sensing electrode is coupled. 8. An el ectr@phoretic apparatus according to
Caim1l wherein said separation channel is a capillary tube, and said
conducti ve el efiffarenes ipethg elegtricufield milk@xistcihlia paswpiridstiniestesd dsto fagel )
m crochannel panel or electrically-conductive polynmer panel in said

capi | | ary tubecapillaph liethecsaropleoe@npeneiiisamabilBy.alot exampde o igllaiger than
wherein said separation channel is a capillary tube, said conductive

el enent is a fihaitofr the muraing bufien, | theyelegliie dield tin thenpiugmftthe satipde

end. 10. An el ectrophoretic apparatus according to Claim1 wherein said
separ ati on chasagiponenhwilbipé lowenthaoleat afdhe rooniogdiifies aslshomnt ini Biga 3B.
fracture in said capillary tube 0.1 to 5 nmfromsaid outlet end. rq, Yy
'~J! d...a;5, GCanhveiselynif ¢hesampieh componenpp ametiility, farceaxamplg Y pisCsmiaite
wherein a second conductive el enent connected to a second sensor reservoir
wi th el ectricaltgn thataithe mgnmngibufiar sther electtiedfidldt inethe plaigdofc thedsatriple

el enent and said inlet end, and said reference electrode is electrically

connected to sabmp@aenﬂw"sb@mgermrmat of theutihningabufédre(ig.i 3BY. Wieethe al
wi thin the separation channel between said first and second conductive

el ement may besdriphs tefpdYiehty Sredgdssimy B ithé reGion Desvesh thé hasture B&aNG
di sturbance to the flow of separation nedium and sanples in said separation

channel . 12. Ameeb@ﬂétrcﬂF!HQrc%bill@r\r}ﬁﬁér@itéﬁtia?l%{}v@bﬁQelé@tré@lé‘si alahd 4Dl
conprising a first resistor coupled between said reference el ectrode and

said data Wq”%ﬁ%"‘%‘ﬂgna“ﬁé%‘ﬁh'ﬁm%@ﬁgﬁw"éb%@ coupl ed between said

sensing electr sal d dat'a acquisition system for sanpling the
potential between the reference and sensing el ectrodes. 13. An _

el ectrophoretic apsiniarudesign e bg useddpamieroghipuCEnes sbewprinsirigg4aandi se
reduci ng means i nterposed between sai d sensing el ectrode and said data
acqui si ti on syFkigd. inthis embadimenhonty ppe capillasy chavnekis shpunder gagsiof
sai d noi se reducing means conprising at least a first anplifier connected
to the sensi ngillistratiomdit i underspdad thatg Ofe chipt mayi bavelinuiearons echarinaden
the sensing and the reference el ectrodes. at |east a second anplifying
connect ed to t withgvarious designsodbefmicrachipi ©&iingthisiexamplesiigmabdet dfetved r om
and at | east one signal divider having its input coupled to said first
amplifier thd ghhsd [Hatesn60 ampl 64.i @n;bottom glaspylatef 60 ds dabbiicatad stipairation
coupled to said data acquisition systemfor renoving noise fromsaid
potential and chammgit78, pjedtion channel 80 connected to sample reservoir 82 and

62, and sensor channel 68 connected to sensor reservoir 66 and 70.
Sample loading electrode 86, waste electrode 90, power electrode 88,
sensing electrode 72 and ground/reference electrode 74 are fabricated to
20 connect to sample reservoir 82, waste reservoir 62, inlet reservoir 84,
sensor reservoir 70, and outlet reservoir 76 respectively. On the top glass
plate, access holes (not shown) are drilled to access ‘the corresponding
reservoirs and channels on the glass plate 60. The two glass plates are
bonded together during fabrication. The thickness L1 of conductive wali 7 1

25 between the detection channel 68 and the separation channel 78 is less



~td~~~ LJ~~,~ 23 14. An el ectrophoretic apparatus according to Claim?2
further conprising a sanple channel connected to each of said separation
channel for receiving and | oading a sanple, and a sanple electrodq gaupf €d;.2
to said sanple and said power supply for sanple injection. 15. An

el ectrophoretic apparatus according to Caim2 further conprising an inlet
reservoir connected to each of said inlet gend, said inlet reservoir for

r et ai ni ng separation nediun1to whi ch said ower electrode is coupled 16.

An el ectrophor gt r er _c [i an
out | et reservoﬁa Ncdnnee th% %agggég gﬁ{)%gra‘gﬁd’sﬁhcﬁ?ﬁ% §:‘ les
reservoir for retaining separation rredl um to which said ground electrode is
coupl ed. 17. Aarecloddiedopsiogdhe doaghipgrandwasts eledtrages moCouding Zovétandard sai d
conductive elenent is connected to a sensing reservoir such that said
conduct i ve el emethodss lkhasthderashgwoothatat thih dayesadfdglassds rign et auduatide. vi a
electrically conductive nediumretained within said sensing reservoir. 18.
An el ect r ophor Based apdhe atanse pdociptti dgsdribed above? fdruCEhsampenpoimpiongnésn
inlet reservoir connected to each of said inlet end, said inlet reservoir
for retai n|5ng meumrachnprCEmhmbetdmteﬁtedlbysmeaspmgerthelmnEnmlebetweWUMead
t 2~ -~ ~ ~J L.u~.. .4, 24

electrodes 72 and 74 during electrophoresis. The distance L2 from the

detection channel to the outlet of the separation channel 78 is near or less

than the length of the sample plug. For a channel made of glass, this

thickness is preferably several tens of micrometers. For microchips made

10 from other types of glass or from other material, the thickness of the
conductive wall may be determined by one of ordinary skill in the art

without undue experimentation.

Experiments have been done in the laboratory to test the feasibility of

the present invention. To separate and detect K* and Na', 50mM

15 triethanolamine (pH 6.5, adjusted by adding HCI) was used as running
buffer for CE. Platinum electrodes were used for applying high voltages.

The sensing electrodes were Ag/AgCI wire (diameter, 1 mm) electrodes.

Gigaohm (GQ) resistors were chosen for the resistors 48 and 50. Data

acquisition was obtained through a microprocessor. Fig. 7 and 8 show

20 typical electropherogram obtained. We can see that K" and Na* ions can

be well separated and detected using the present invention.

From the above explanation, we can expect that noise will exist if high
voltage is used for electrophoresis, and the voltage is not stable during

electrophoresis, as can be seen in the baselines in Figures 7 and 8. To



.an outlet reservoir connected to each of said outlet end, said outlet
reservoir for retaining said separation nediumto which said ground

el ectrode is coupled; and a sensing reservoir connected to said c@nguetT ve.?
el ement, said sensing reservoir for retaining an electrically conductive
mediumto which said sensing electrode is coupled. 19. An el ectrophoretic
apparatus according to Caim 16 wherein sgi,d outlet reservoirs are

i nterconnected. 20. An el ectrophoretic apparatus according to Claim 18

wherein sai d ouiprele 'sigrRdl YROIES rafi€ (5/N)¢ e PRS bethe tenfidl MeBSUFEP P i C
apparatus according to Claim15 wherein said inlet reservoirs are

i nt er connect edeyrddnt GEnératsd 'HRIPRGT EE eaAPBRmbaSurBacasidhnNg f&isé @d@cﬂerfq .

wherein said inlet reservoirs aré interconnected. 23. An el ectrophor

appar at us accogieiides O Offledd 8dif’ﬁ'é‘ﬁt_eiisrbm{1rpir?'F‘?n_’f?ltG.Oﬂh’é’rv%ithﬁeC@i Rdipci@fe of

gl ass, and said conductive element is a thin wall separating said channel

and sai d sensofofehRf ¥Qﬁ§ingolsé}é&r6&'@§ aWéghe%oliza‘E{%iSEh&une "tQNﬁbtcﬂjr?&t 12re AN

el ect rophor et1 c apparatus accor di ng to alm erern sal con tive

element is des w‘qﬁ r t eég?in ~iod g~ : 2 5.
An el ectropior%rtnwﬁé;%p ra?uésmaénggr indg?'beo a?lmszlswégtraéril%d];bxgtvé@ﬁguglelzve
element is a thi |1 oA | i I ] r [r,
and the 1 engt roBPuESTq RERAEY e BBt SERR M yRBbl ARAIREL A AL o
channel is les . ) ectrophoretic apparatus according to
Claim2 wher eiﬁpt&{@?&l&%ﬁ%&%ﬁﬁ&ﬁhﬁg. el ement connected to a second sensor
reservoir with electrically conducting nediumis provided on said channel
bet ween said conductive wall and said inlet end) and said reference
el ectrode is electrically connected to said second sensor reservoir, such
that electrical potenti eil_ny%hi n the separation channel between said first
and second conductive el €l A % may bedetected by -saitd-data ‘acqui sition
system wi t hout causi ng di sturbance to the fl ow of separation nedi um and
sanpl es i ai d separat iqOn 2.4 n el ectrophoretic par at us
accor di ngmtoz Caim?2 fu?ﬁheg@%ﬁ@mﬂ »2"é'é'r'rbl'é"é'h'ét'ri'rié‘l""é'd ected to said
separation channel for receiving and | oading a sanple; a sanple el ectrode
in electrical contact Wl;é h_sgihd sanple in said sanple chann&{ and coupl ed
2salille & )

to said power supply fo ARl o Abaliokd
S'= SUX(1HRRS) e everererererrereseeeeereeeseeenenn (4)
So'= SX(THRARE). s veveererrereeeeereeeereererien (5)
8= K1(S17 S2) e vreeverenrerrirereeeeeerenesreenenerenen (6)

15 From Eq. 1-6:

S= Ki(S17 S2)= KRG renreeeeneeeeereereeeeeceseesees (7)

Where k=kix {(1+R4/R5) xR,}/{Rax(1+Rs/Re) % (R1+Ry)}=constant

From the above results, one can see the signal S is proportional to Rg
20 only and not affected by voltage, current or the resistance of the circuit. In

other words, this improved circuit can remove the effects of ripple of the



‘a waste channel connected to said sanple reservoir for receiving and

retaini ng excess sanples; and a waste electrode in electrical contact with
said sample in said waste channel and coupled to said power supply2 o60T ©.?
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provided between the two measuring points such that the distance

20 therebetween may be lengthened without compromising resolution and

sensitivity. One example is shown in Fig. 9. In this example, the inlet 101

and outlet ends 107 of a capillary tube 102 is shown. The tube 102 is

separated into two parts. Section S1, used for separation, has a larger

diameter D1, while section S2, proximate the outlet end in this example,

25 has a smaller inner diameter of D2. A sample 109 of length L3 is shown to
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smaller diameter of the channel. If the two measuring points for potential
gradient detection (which are fracture 103 and the outlet end in this

5 example) is provided at section S2, it is clear that the distance between

these two measuring points may also be proportionately lengthened.

Capillaries with varying diameters can be made by normal commercial
machines for making capillaries or pulling one end of a capillary tube with
uniform diameter to produce one end with a small diameter after heating

10 the tube. Commercially available machines include Laser-based
micropipette pullers, for example the P2000 from Sutter instrument Co.
Channels on microchips having varying sizes can be easily produced
through different mask design and performing the appropriate
photolithography known in the art. The electrically conductive medium

15 contained within the various sensing, outlet and inlet reservoirs may be the

same or different, depending on the applications.

Although fused silica and glass substrates are commonly used as
separation channels in CE and microchip CE, other substrates, such as

poly(dimethylsiloxane) (PDMS) and PMMA, can be used also.

20 The present invention can be applied to existing electrophoretic
channels by providing conductive elements on them, for example, by
bonding some filters on them. The bonding method could be, for example,
thermal bonding for many plastics, oxygen plasma bonding for PDMS. For
a fused silica capillary, well-known techniques such as fracturing, making

25 a frit (US Reissued patent 035102) and applying polymers after fracturing
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s10%6/ 1 109 () 1 @oyled Offetérably 1-20um, may be used. The most effective thickness is

10

15

dependent on the quality of the glass, and may be determined by one of

ordinary skill in the art by routine experimentation.

The detection channel on microchip CE could be on the top or the
bottom of the separation channel rather than lying adjacent to the
separation channel. The electrodes for sensing can be other electrodes,
such as calomel electrode, platinum and gold. The reference electrode in
the outlet reservoir can be combined with the ground electrode. For
microchip CE, both sensing electrodes and the electrophoresis electrodes
can be microfabricated on the chips or just inserted directly in the buffer
reservoirs. It is also possible to create two or more conductive elements on
the capillary or the separation channel in order to detect sample
components at different places. For example, by having two factures along
two different points of a capillary tube. The reference electrode may also be
positioned away from the outlet end by creating an additional conductive
element and the corresponding reservoir for connection to the reference

electrode.
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1. An electrophoretic apparatus comprising:

a power supply with a ground electrode and a power electrode;

a separation channel with an inlet end and an outlet end, contents of
said separation channel made up of separation medium and test
samples, said inlet end electrically-coupled to the power electrode of
said power supply, said outlet end electrically-coupled to the ground
electrode of said power supply;

said separation channel passing through a sensor reservoir and
discharging into an outlet reservoir, said contents of said separation
channel isolated from, but electrically-coupled to, contents of said
sensor reservoir by an conductive element provided on said separation
channel; and

a data acquisition system with an electrical potential sensing electrode
and a reference electrode, said electrical potential sensing electrode in
electrical contact with said sensing reservoir and electrically-coupled to
said contents of said separation channel via said conductive element of
said separation channel, said reference electrode electrically-coupled to
said ground electrode, said reference electrode and said ground
electrode in electrical contact with said outlet reservoir

whereby

electrical potential of said contents of said separation channel, at the
point of said conductive element, and said outlet end may be detected
by said data acquisition system without causing a disturbance to the flow
of said contents in said separation channel.

2. An electrophoretic apparatus comprising:
a capillary electrophoresis array chip containing:
a plurality of capillary separation channels containing separation

medium;
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end;

each said capillary separation channel separated from an adjacent
SEensor reservoir;

each capillary separation channel having a conductive element proximal
to said outlet end;

said conductive element separating contents of said capillary separation
channel from contents of said sensor reservoirs but permitting electrical
contact between said reservoirs and said capillary separation channels;
a power supply with:

a power electrode electrically-coupled to said inlet end of said capillary
separation channel and

a ground electrode electrically-coupled to said outlet end of said
capillary separation channel

whereby components of said content of said capillary may be separated
by electrophoresis;

a data acquisition system with:

at least one reference electrode electrically-coupled to each of said
outlet ends and

a plurality of electrical potential sensing electrodes each electrically-
coupled to each said sensor reservoir

whereby electrical potential within each separation channel between
said conductive elements and said outlet ends may be measured by
said data acquisition system.

3. A method for detecting samples in an electrophoretic system, said
method comprising the steps of:
introducing samples into inlet end of a separation channel filled with an
electrically-conductive medium,
separating components of samples by application of electrical potential
between a power electrode proximal to the inlet end of said separation
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channel and a ground electrode proximal to the outlet end of said
separation channel,

permitting, via an conductive element between said separation channel
and an adjacent sensor reservoir, electrical conductivity between
contents of said separation channel and conductive medium in said
sensor reservoir but limiting passage of samples in said separation
channel to said sensor reservoir,

discharging samples into an outlet reservoir at outlet end of said
separation channel, said outlet reservoir electrically-isolated from said
Sensor reservoir,

detecting, by means of a data acquisition system, electrical potential
between sensor reservoir and outlet reservoir, whereby data acquisition
system comprises a sensor electrode in electrical contact with sensor
reservoir, said ground electrode in electrical contact with outlet reservoir
and an electrical potential measuring instrument.

4, An electrophoretic apparatus according to Claim 1 further comprising

an inlet reservoir connected to said inlet end, said inlet reservoir for
retaining said separation medium to which said power electrode is
coupled.

5. An electrophoretic apparatus according to Claim1 further comprising

an outlet reservoir connected to said outlet end, said outlet reservoir for
retaining said separation medium to which said ground electrode is
coupled.

6. An electrophoretic apparatus according to Claim 1 wherein said
conductive element is connected to a sensing reservoir such that said
conductive element is electrically connected to said sensing electrode
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7. An electrophoretic apparatus according to Claim 1 further comprising
an inlet reservoir connected to said inlet end, said inlet reservoir for
retaining said separation medium to which said power electrode is
coupled;

an outlet reservoir connected to said outlet end, said outlet reservoir for
retaining said separation medium to which said ground electrode is
coupled; and

a sensing reservoir connected to said conductive element, said sensing
reservoir for retaining an electrically conductive medium to which said
sensing electrode is coupled.

8. An electrophoretic apparatus according to Claim 1 wherein said
separation channel is a capillary tube, and said conductive element
may be a fracture, electrically-conductive glass panel, microchannel
panel or electrically-conductive polymer panel in said capillary tube.

9. An electrophoretic apparatus according to Claim 1 wherein said
separation channel is a capillary tube, said conductive element is a
fracture in said capillary tube 0.1 to 5mm from the outlet end.

10.  An electrophoretic apparatus according to Claim 1 wherein said
separation channel is a capillary tube, said conductive element is a

fracture in said capillary tube 0.1 to 5 mm from said outlet end.
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element and said inlet end, and said reference electrode is electrically
connected to said second sensor reservoir, such that electrical
potential within the separation channel between said first and second
conductive element may be detected by said data acquisition system
without causing disturbance to the flow of separation medium and

samples in said separation channel.

An electrophoretic apparatus according to Claim 1 further comprising a
first resistor coupled between said reference electrode and said data
acquisition system, and a second resistor coupled between said
sensing electrode and said data acquisition system for sampling the
potential between the reference and sensing electrodes. .

An electrophoretic apparatus according to Claim 12 further comprising
a noise reducing means interposed between said sensing electrode
and said data acquisition system for removing the ripple effects of said

power supply, said noise reducing means comprising :

at least a first amplifier connected to the sensing electrode for
amplifying the potential difference between the sensing and the
reference electrodes.

at least a second amplifying connected to the ground electrode for
amplifying current signals therefrom; and

at least one signal divider having its input coupled to said first amplifier
and said second amplifier; the output of said signal divider coupled to
said data acquisition system for removing noise from said potential

and current signals.
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14.

15.

16.

17.

18.

An electrophoretic apparatus according to Claim 2 further comprising

a sample channel connected to each of said separation channel for
receiving and loading a sample, and

a sample electrode coupled to said sample and said power supply for
sample injection.

An electrophoretic apparatus according to Claim 2 further comprising
an inlet reservoir connected to each of said inlet end, said inlet
reservoir for retaining separation medium to which said power

electrode is coupled.

An electrophoretic apparatus according to Claim 2 further comprising
an outlet reservoir connected to each of said outlet end, said outlet
reservoir for retaining separation medium to which said ground

electrode is coupled.

An electrophoretic apparatus according to Claim 2 wherein said
conductive element is connected to a sensing reservoir such that said
conductive element is electrically connected to said sensing electrode
via electrically conductive medium retained within said sensing

reservoir.

An electrophoretic apparatus according to Claim 2 further comprising

an inlet reservoir connected to each of said inlet end, said inlet
reservoir for retaining separation medium to which said power
electrode is coupled;
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19.

20.

21.

22.

23.

24.

saBYNC 10
an outlet reservoir connected to each of said outlet end, said outlet

reservoir for retaining said separation medium to which said ground
electrode is coupled; and

a sensing reservoir connected to said conductive element, said sensing
reservoir for retaining an electrically conductive medium to which said
sensing electrode is coupled.

An electrophoretic apparatus according to Claim 16 wherein said outlet
reservoirs are interconnected.

An electrophoretic apparatus according to Claim 18 wherein said outlet

reservoirs are interconnected.

An electrophoretic apparatus according to Claim 15 wherein said inlet

reservoirs are interconnected.

An electrophoretic apparatus according to Claim 18 wherein said inlet
reservoirs are interconnected.

An electrophoretic apparatus according to Claim 2 wherein said
electrophoretic chip is made of glass, and said conductive element is a
thin wall separating said channel and said sensor reservoir, said thin
wall of less than 40um thick.

An electrophoretic apparatus according to Claim 2 wherein said
conductive element is less than 5mm from the outlet end.
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longitudinal axis of said channel is less than 10mm.

26. An electrophoretic apparatus according to Claim 2 wherein a second
conductive element connected to a second sensor reservoir with
electrically conducting medium is provided on said channel between
said conductive wall and said inlet end, and said reference electrode is
electrically connected to said second sensor reservoir, such that
electrical potential within the separation channel between said first and
second conductive elements may be detected by said data acquisition
system without causing disturbance to the flow of separation medium
and samples in said separation channel.

27.  An electrophoretic apparatus according to Claim 2 further comprising

a sample channel connected to said separation channel for receiving

and loading a sample;

a sample electrode in electrical contact with said sample in said sample
channel and coupled to said power supply for sample injection,;

a waste channel connected to said sample reservoir for receiving and

retaining excess samples; and

a waste electrode in electrical contact with said sample in said waste
channel and coupled to said power supply for controlling the sample

injection process.



