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BUFFER FOR ANALYZI NG SMALL | NORGANI C CATI ONS BY CAPI LLARY ELECTROPHORESI S
FI ELD OF THE I NVENTION This invention relates to analysis ofP fsb?‘ﬁ&ps% n
general , aM¥@9&2M¥2hf cations by capillary el ectrophoresis, and Specitically
to buffer useful in analyzing small inorganic cations of ammonium al kal i
and al kaline-earth netal ions by capillary electrophoresis with indirect
opti cal detection. BACKGROUND OF THE | NVENTI ON Anal ysis of snall inorganic

cations of RUFOR!! KﬁMLﬁﬂvé'sﬁﬁwmﬁ@m@Am@éAmﬂsi BYCONFIUDARY
required f RE€S, such as control of food quality, clinical
di agnosi s hWe'dl” nonitoring. Analysis of small nol ecul es and

ions by capillary electrophoresis (CE) is of growing interest because of
its sinplicity, selectivity and | ow operation cost (P. Jandik and G K

Bonn, Capi |IFIELY GF dHE BYVWENGION of Small Ml ecul es and |ons, VCH

Publ i shers, New York, 1993). Studies on analysis of the small inorganic
cations by CE focus primarily on finding solutions to | ow selectivity
resulting fromi f.1i cl-ent ok d.f rmﬁ;i hd T3t i dnAR/siyV6f adthshs b
‘cations and poorﬂggt&éc@lggﬁlﬁe%&d@e to sagE dc%?%éﬁr%r%egﬁ%'es F& For et S.y
Fanal i, A [iBiy @Rwtrbphdiests; kandGapekificatly 2 dfeF|usefiul iploalyzing spialiRinosganic t h
Metals with I'ndirect UV Absorbance Detection, Electro horesl'k%,{ g#r{rlgk?% .
780- 783; L. cations of apmmonmm,valkaly and alialiverearth mastalions by epiliacy iclsitrpphoresis

Cations in L1J.ar on rophoresis, Anal. Chem, 62 (1990) 427-431;
A. \\éston, Wcige.‘néﬁe %?P,%mﬁfd%%cn%}’k, WR Jones and A L. Heckenberg, Factors
Affecting the Separation of Inorganic Metal Cations by Capillary

El ectrophoresis, J. Chronotogr. 593 (1992) 289-295). As conpl exes have
usual ly different charge to mass ratio fromthose of the hydrated cations,
effective npbiljfLl cat i be mani pul ated to enhance

sel ectivi tyBA@I@&B\E’Q{fﬁ% |1 inorganic cations by introducing
pr oper o _ .

An;alysis of small inorganic cations of gmtnonium, alkali and alkaline-earth metal
ions is commonly required for various purposes, such as control of food quality, clinical
diagnosis and environmental monitoring. Analysis of small molecules and ions by capillary
eléctrophoresis (CE) is of growmg interest because of its simplicity, selectivity and low
operation cost (P. Jandik and G.K. Bonn, Capillary Electrophoresis of Small Molecules
and Ions, VCH Publishers, New Yoik, 1993). _ '

Studies on analysis of the smail inorgﬁnic-éé{ions by CE focus primarily on finding
solutions to low selectivity resulting from insuﬁ_icient differences in mobilities _of the
hydrated cations and poor detectability dué to lack of chromophores (F. Foret, S. Fanali, A.
Nardi and P. Bocek, Capillary Zonc Electrophoresis of Rare Earth Metals with Indirect UV
Absorbance Detection, Elecn'ophoresis; 11(1990) 780-783; L. Gross and E.S. Yeung,
Indirect Fluorometric Detection of Cations in Capillary Zone Electrophoresis, Anal.
Chem., 62 (1990) 427-431; A. Weston, P.R. Brown, P. Jandik, W.R. Jones and A.L.
Hec;kcnberg, Factors Affecting the Separation of Inorganic Metal Cations by Capillary
Electrophoresis, J. Chromotogr. 593 (1992) 289-295). |

As complexes have usually different charge to mass ratio .from those of the
hydrated cations, effective mobilities of the cations' can be manipulated to enhance

selectivity in CE separation ‘of the small inorganic cations by introducing proper
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2 conpl exing agents in CE buffer. The conpl exi ng agents mainly includes

mul ti dent at e- conpl exi ng agents of donor atons of oxygen. To differentiate
amoni um f gQyegpakAssi umions, addition of a crown ether to. RETYG7I08067

ef fective. A conmon and sinple solution to poor detectability of the small
cations is to provide chronophore co-ions of strong UV/visible absorption
:(or fluorescence) in electrophoresis bufer and to nake use of indirect

optical detectiaon. The no-apsorhing cations.displace the.chronophqr

co-i ons whamplexiag @geRts A8 E%eb‘b‘?‘?’vghet‘i? § ﬁ&é\‘%&a}'{l}s Hﬁcpg(gﬁss&gﬁ*‘ﬁg?at%y
el ectrophoret i,C. - ben f ite ahfifofidh RO RESsi

det ect ed bcgpngﬂel%ﬂégég&(ﬁgg%@g?%g{me. gnnoltjoﬁ%yft%%-tieons for separ atiglr?m and
det ecti on johs lagitioawla ce@in ether tartaffesisatffective.t r ogen- cont ai ni ng het er ocyclic

conpounds and substitutes of benzyl am nes. O her vari a?l es are al.so known
to affect sel ecAisammonrandotimple; solution Jo prok Aetectabilifyaof e small fatieRsig to

i i i ons, b . _Vari.abl | 1. buf , i
Cannent S Piokide” Shthnmires s, 35 Aefery SBR[ dbEbrpRbE @ afbleRidhbey 9
co-ions, V\@%@kﬁm{é&& Blfr@baardt make 08X bfBinditectBYtidal adecion! The xﬁﬂﬂfsﬁttﬁh%nt S

of co-ions, coricentrations of conplexing agents and co-ions, etc. Variables
rel at ed t ocations | displacee It tchrgpiaphers codgus avhilar thet eations aare rdrivepolq gaeve in
capi |l lary di nensi ons, c, Spne variables are,i ndependept ne_are
not. Devel 6‘&%?&10551 fex rbYl?g‘?-ff5’°P‘Eﬂ‘°tf%Qr"‘a"‘n%ﬂdﬁ?cg%gm?%%ﬂgwggﬁiphﬁeg%w@s
cations w ! éiﬁ‘éa% ! thatled. bblidr¥ cHEGHSfof 8aRitRhHNd detecti
optim zati é%%’#& d:&yvgrl a fégalg%g{)\?g@é %algngl? ysics of ?hgﬁsnal I noregegnio?:
cations of ofinmisi sifiall oasionsl deal usualiyl wirbgdn-contaimiag t hetemotydlici compbyndSE andt h

indirect optical detection has been an object of several research papers
and pat ent substgues efnberylpEIA: dt proposed t he i ni dazolium cation as a

chronophore co-i of ¢ t L esi f I @ded : Kl i |
and al kal i ne- ear(ﬁﬁerrr&?%b?%sa%%g Efs%(%é@ée)::{é %ﬁeg{ ﬁele&ﬁ@gigf ﬁ‘ggd?ét%aé}g?lﬁliya?}; e
el ectr ophorsgdraidaf ofothgaiall MofkanitOtzgions Gy (CE.i Vadablést felatetiior befferate pH, pH
det ecti on, 1ronat ogr aphi a,  33(7/8) (1992) 314-316). Jones et al. .
docunent ed baffering) ywapacityy |iemir nreagtha ant ORI l&FFSa‘HHi RKqrsogh cgrions,
compl €1 N9 Agelt Sl bt Blipriok G5k and HhbLE' ol CHXHRAHE V5! o-i2AS

concentrations of complexing agents and co-ions, etc. Variables related to capillary

electrophoresis system are temperature, vo.ltage, capillary dimensions, etc. Some variables
are independent ones. Some are not. Development of buffer uéed for the analysis of the
small inorganic cations with high selectivity and detectability needs the overall
optimization of the variables above. -

The analysis of the small inorganic cations of ammonium ions, alkali and alkaline-
earth metal ions by CE with indirect optical detection has been an object of several
research f:apers and patents. Beck and Engelhardt proposed the imidazolium cation as a
chromophore co-ion of electrbphoresis buffer for the separation of alkali and alkaline-earth
metal cations (W. Beck and H. Engél_hard, Capillary elect_rophoresis of orgapic and
inorganic cations with indirect UV detec_tion, Chromatographia, 33(7/8) (1992) 314-316).
Jones et al. documented 4-methylbenzylamine as a chromophore co-ion and a group of
complexing agents (citrate, succinate, tartrate, hydroxyisobutyrate, and oxalate) for the
separation of cations in their patents (W.R. Jones, P. Jandik, M. Merion and A. Weston,
Method for separating ionic species using capillary electrophoresis, European Patent
0442315 Al; WUR. Jones and P. Jandik, Method for sgparating ionic species using



separation of cati'ons in their patents (WR Jones, P. Jandik, M Merion
and A. Weston, Method for separating ionic species using capillary

el ect rophoresi s, European Patent 0442315 Al; WR. Jones and P. Jandik,

Met hod f orye®R@r422i Ng i Ooni c speci es using WO 98/ 27422 PCT/SG97/00067
PCT/ S&@7/ 00067 3 capillary el ectrophoresis, US Patent 5156724). Shi and
Fritz conpared different chronophores (phenyl ethylam ne, benzyl am ne,

p-tol uidine and 4- met hyl benzyl ani ne) and3conpl exi ng agents

(hydroxyi sobutyric, phthal.ic ‘Qni.c tari g, .lactig.and succini.G.aci.ds)
for the se&gpiliafy slecophemsisi US T‘?tnélééfrzﬁ a o?ﬂ%rf%t gomprgd flﬁfeﬁgﬁi
and J.S. Fpit IR Exgﬁfé ﬁénigmﬁ-' inBYp-FARidinePdnd £hRATIBARPRARSE)Sng t h
a conpl exichﬁoé??eh?%rggpgédﬁaaﬁ romat ogr . 1,n %I%O (1993) 473- 4??9). in et)_a.l :
studi ed t h@mipkeng fagemsplhgdiongisabetytis, phthalicc majdnicokartaric) dasticcand succinic
hydr oxyi sobutyric, oxalic, nmalonic, tartaric, apd sucgjni 1.ds) dto
i mi dazol e-@kbg&réh@mmﬁspéglkéhbﬂhw-?whw %ﬁﬂéﬂﬁ?ﬁ?ﬂs ~6§P ifs(ﬂﬂ:guz,
al kal i ne- garth net.al t.i ek LT - H.s - C.

Capi |l l ary %P@@EHOB o%ﬁ@c‘oﬁg?')(/cg})@aﬁuléﬁ%o g’hfeglslc_{g%tlhgaﬁg&@leéngfdcon& gﬁ(i"ng
agent .and BpbEfkoget 648 (1908 paR8-ag9). A.inb&rdal( RfiEd e/ rdld Gf. cdmiplexiak hagents

study, Lee and Lin studied effects of chronmophore co- ions ( imdazole,

benzyl ani nacetip lEtolinelastic, ydroxyisabutigind axelipl melonic, dguarics ang| speeinic acids)
hydr oxyi sobut yri d ,ds) (Y. K L d T.l. Li ' i or
of “troral  carkded e imitiaforfased steofabiiortis, bptfer b et Rbaraigp of AlkalPERE piRallft: O
and conpl exl {0, A6§ 'Hagons] é'r.gb?mi QGY.HALeB Tnd( 51'9@.4_l:h812,762ﬁlﬁiry Elea6ystiovetts

al. made a close study o ect of the concentrations of lactic acid and
18- cr own- Ganalysid efinbrgahiv extions-Rold ef camplexingeagenpandibuffer pH. hrivhsomatogr. A,

al kali and al kali-earth cati-ons by C. Francois, Ph..Morin,and Dr eux,
Ef fect of 65k (1893L46{126)-dn 3893‘285@% g%a'é‘iig'é‘aS&“gleldh(?fféfté(ﬁfrcgf%}?%p%?ﬁ%ﬁo’t he
separation. of a | ﬁ! th&h-' apd eakkakhd oy | . ' lic,
el ectr ophoPoélé i(slgg%%%ﬁmrbg ogllrn.e’ %\ﬁ‘ 706 %&ggggﬂég%ga%%‘?oﬂ%fex%gaﬁ%dgﬁstg}%% e
Morin and Mddeksisebutyrid ah@tsucdinief acids) (M. Hi dseenetdal.Ic dfin,oDeterthinatiom ] metal/
el ect rophoresi s-Qptim zation _of _corr%l exi ng . agent concentrati onsg(ﬂl acti.c

aci d and 18ationsw-capillary elenteophersgis -ERfectof backgrgund caygietand cogplexing agents, I
Chromatogr. A. 675 (1994) 227-236). Francois et al. made a close study on effect of the

-

concentrations of lactic acid and 18-crown-6 in electrophoresis buffer upon the separation
of ammonium, alkali and alkali-earth cations by CE (C. Francois, Ph. Morin and M. Dreux,
Effect of the concentration of 18-crown-6 added to the electrolyte upon the separation of
ammonium, alkali and alkaline-earth cations by capillary electrophoresis, J. Chromatogr.
A. 706 (1995) 535-553; C. Francois, Ph. Morin and M. Dreux, Separation of transition
metal cations by capillary ; electrophoresis-Optimization of complexing agent
concentrations (lactic acid and 18-crown-6) J. Chromatogr. A. 717 (1995) 393-408). Shi
and Fritz , and Yang et al. studied on effect of aqueous-organic media on the separation of
ammonium and metal ions (Y. Shi and J.S. Fritz, New electrolyte systems for the
determination of metal cations by capillary zone electrophoresis, J. Chromatogr. A. 671
(1994) 429-435; Q. Yang, J. Smeyers-Verbeke, W. Wu, M.S. i(hots and D.L. Massart,
Simultaneous separation of ammonium and alkali, alkaline earth and transition metal ions
in aqueous-organic media by capillary ion analysis; J. Chromatogr. A. 688 (1994) 339-
349). All the above mentioned electrophoresis buffer systems contained muitidentate
complexing agents of donor atoms of only oxygen. Wang and Li studied migration
behavior of alkali and alkaline-earth metal ion-EDTA complexes (T. Wang and S.F.Y. Li,



and Friitz, and Yang et al. studied on effect of aqueous-organic nedia on
the separation of ammonium and netal ions (Y. Shi and J.S. Fritz, New

el ectrolyte systens.for the determ nation of netal cations by capillary
zone el ect hoglghpsss, J. Chromatogr. A 671 (1994) 429435; Qpciaéthr/00067
Sneyer s- Ver beke, W Wi, MS. Khots and D.L. Massart, Sinultaneous
separati on of ammonium and al kali, alkaline earth and transition nmetal ions
i n agueous-organi c nedia by capillary iong analysis, J. Chromatogr. A. 688
(1994) 339- 349). Al the above nentioned el ectrophoresis buffer systens
cont ai ned Migratioe nbeharriorowp| alkaln gand)caikalinsfeadtbn oretalt dom-EBIT Ao ntgmpleyese rand
Wwang and Li studied mgration behavior of alkgli, and kal i,ne-eart h. net al
on EDTA CHIREERYE 3RS AL Hrereatin ¢ Bl Samflegbgraiary electioptotesis Wik
PCT/ ST/ Offifkéct bbbt deReAGNAY Chroitoph k81 107901905 541559 BREA! T8 Akl

I on- EDTA conplexes and quantitative analysis of nmagnesiumin real sanples
by capi | | asgedahealtitiempteaoaglexing bgert odi denor atdnts 6fv ioalygén alek micbgem, The. results
Chromatogr. A. 707 (1995) 343-353). EDTA is a widely used nultidentate,
conpl exi ngshegeed that yEfingsbuffer sSypteah was nohsuitalleto spRarate- and detesminged

o ci am cEREE, B TG HREhETT ST AT BalkBicd MR e HpUIRLER "¢
publ i shed gaHyak hemg dvailitle dadfel sPpdtémb Whé demEisiabdBthe aapalRIIG 6L Sepaink

capability of separating all eight of the commpn gnal| 1norggnic cat;[ons

(NH err], eightof fhe costmen smal imorganic\eqtions (NHea[ldr r N , &, oYie] » Gall, Sal'eand) )
i th ti | uti f th fr i tativel _
Quant s cat | a1y b RIS, MEiuioho | 7 Blimosss e uaaliRY o Fpeniy o

sanpl es of GaRRlREYBEEIRIRMeARE dAtighs HPfehPldnile D fesSRIMBNoF 3irhplRS oFfcohipfex
cations. Therefore,” there is a need for invention of buffer to be used
f or anal yzimatrides and high variation afiiconeeatratiors ofithe eatlons Ahipdreforeayi thirehis glneed for
selectivity and re tion than the available buffer systens. OBJECT Ok THE
NVENT] QN FvendonSECERHIRT o e Brecor ARAYFRG B SAN IROriaGyeetia o it 19 Shapples

el ect r ophogaR i fséxséﬁhggytér@gﬁmﬁﬁo&ﬁﬁ%@m}aﬁ@uwuﬁ@@éﬁémg smal | inorganic

cations by capiflary e oresis w

OBJECT OF THE INVENTION

It is a primary object of the invention to provide optimized electrophoresis buffer at

low cost for the use in analyzing small inqrgénic cations by capillary electrophoresis with
indirect optical detection. The selectivity and detectability of a CE method using the buffer
of the present invention are high enough to meet needs of analyzing the small inorganic

cations in real samples of common analytical laboratory practice.

SUMMARY OF THE INVENTION

Capillai'y electrophoresis buffer satisfying the above need for analyzing small
inorganic cations are disclosed. The buffer is characterized by using at least a multidentate
complexing agent of donor atoms of oxygen and nitrogen for enhancing selectivity and a
chromophore co-ion facilitating indirect optical deteétion, particularly indirect UV/visible

SpCCtI'OSCOpy.



I ndirect optical detection. The selectivity and detectability of a CE

nmet hod using the buffer of the present invention are high enough to neet
needs of anal yzing the small inorganic cations in real sanples of conmon
anal yti cal WO98R#28ry practi ce. SUMVARY OF THE | NVENTI ON CapiRGE$Go7/00067

el ectrophoresis buffer satisfying the above need for analyzing small

i norgani c cations are disclosed. The buffer is characterized by using at

| east a multidentate conpl exi ng agent of donor atons of oxygen and nitrogen
for enhancing se]ecti,vigt nd chr ca-ion facilitatinpg indirect
optical detectidn® 89 %ﬁﬁ%a?ﬁ 9"’1 aﬁfglrgg%{]%})\'}&gf SPRPYP cf?%‘élc%%ﬁ gents) g
98/ 27422 chromophore co-ions. One of the complexing agents is a multidentdt&-bhS6P dort Qfoms>
An enbodi nent of the disclosed CE bu-f‘f)er conprises conpl exi ng agents and
chr onophor efexygemand fitrged, patticubaslyprigiiotigeetireanid  Othex cowmiplextghagents, fizayof
donor atoms of oxygen and _nitrogen, .partic rly nitrilotriacetic acid.

O her conploBRbs PN e 9t SHabIe, 1 BEvE o e SHEABAPRORS fo- 1o 7o be Droduiced
18- crown- 6., T : ' -H by 10t '

i1 1 ogen- oo e ERFARCE Stk AT hERRHEP LAHHARIAS  bRLEAR oM, to the .
el ect r ophorgedttophtiesi@ouffenn a particularly preferred enbodi ment, the buffer

conprises 0.1 - 5 nMof nitrilotriacetic_acid, 0.1 - 50 nM of 18-crown-6,
and 1- 40 mM oflmpgrpastiedaly, preferred embagimenta ithe puffen compsisese - H mhef

buffer is b bout. ,2~and t ion i i's made. in th
par t cul o g ERgeRa 0 s B or're BRWES. A 1-Cad ot Biiind A & Bfope e
di scl osed hignhisihatich. Thedesiald pH 6PMe bafeflisHetiiain/boii 2Rgiibokt 8! Ditectich in CE

60[err] C, and nost conveniently at about ambient (room tenperature. The
di scl osed CE rhadef én theopartieilar ene, 2t 234 un.cBiesstempstatereirange for i €F method sing

t ai Lnly nitril i.acetic. acid.and 18- -6, o IL.dione. h
1 s userOF dsplesed e 8 PRipantedniBinea s BELRED stouf PRt BOCRS and e

vari ati on olortBRERAY AN Ambiet RGIHR) EipkARiEl NI ng sinpl e or conpl ex
n

m xture of 1ons a neutral organi c-conpounds in a _
The disclosed CE buffer compositions can be constructed into a kit. The kit

contains mainly nitrilotriacetic acid and 18-crown-6, and pyridine. Such a kit is useful in
the CE analysis of small ihorganic cations, even in high variation of concentrations, in
samples containing simple or complex mixture of ions and neutral organic compounds in a
short time. |

Advantages of the CE bi;ﬁ_"er and method are improved selectivity, high resolution,
enhanced detectability, wide linearity of response function and good robustness in the

- separation of small inorganic cations in real samples.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig.1 is am electropherogram .s'ImWing the separation and detection of a standard
mixture of eight small inorganic cations: 1. ammonium (NH,"); 2. potassium
(X", 10 ppm); 3. sodium (Nz', 5 ppm); 4. calcium (Ca2+, 10 ppm); S.
magnesium (Mg?*, 10 ppxﬁ); 6. strontium (Sr**, 10 ppm); 7. lithium (Li*, 5
ppm); 8. barium (Ba**, 10 ppm) by CE using the disclosed buffer comprising



short tinme. Advantages of the CE buffer and nethod are inproved

sel ectivity, high resolution, enhanced detectability, wde linearity of
response function and good robustness in the separation of small inorganic
cations in H/pégrHagpl es. BRI EF DESCRI PTI ON OF THE DRAW NGS Fipgrkcoredd?

el ect ropher ogram showi ng the separation and detection of a standard m xture
of eight small inorganic cations: 1. ammonium (NH err]); 2. potassium
(K[err], 10 ppm; 3. sodium (Na[err], 5 ppm; 4. calcium (Ca[err], 10 ppm);
5. magnesium (Mg[err], 10 ppm; 6. strontium (Sr[err] , ‘10 ppm; 7. lithium
(Li , 5 ppm; 8. 1baiMyyridie] BmM nitdiQtribestc duid QFTAY mnd3imhe 1 ficmeineéed buf f er
conpri si ng WO 98/ 27422 .

PCT/ S&®7/ 00067 6.10 nM pyridine, 3mMnitrilotriacetic aeid (NTA) and 3nv
18-crown-6. Fig.2 1is the el ectropher ogram showi ng the peak identifications

oL 2 PO I B oo B B P e o

CE using the di sqgbqspas taufsécﬁﬁm MNa0, 3 pprﬁKi td"&albﬁlﬁﬁt(cfiﬁh%?ﬁaﬂsshﬁ phedfrh he
peak identificati on pot assi um (Kl err . sodium (Na[err],
5 ppm; 4. calci Wg?cép@pnq) in 3 eeayyatgr samplerhy; snsmmtgwmose]ibuifgr ppm in a
tapwat er sanple by CE using the disclosed buffer. DETAI LED DESCRI PTI ON OF
THE | NVENTI ON The buffer of the present invention can be enpolyed in a
capillary el ectrophoresis (CE) nethod using indirect optical detection to
si mul taneopﬁ ¥y S‘i‘é)ﬁ{eaél&:tﬂwﬂﬂendgia?&&hoiﬁﬁé khd poakGiaenticafbhdoE PfpotdsBiuba(K”,
properties contained in a sanple.” An early study on separ ation and

det ecti on of catllﬁrwnb)y 3CEO<Wlmh(de|5 epm)wm:xmt@n Vasppmlil §. mpgmesiwn et

al. (F. Foret et Beck and En t reporte ol e- based
buffer used in cé 93 | é})é’&?%‘?&g{“ﬁ aé 61?%&‘68???511’&%{0 cations
with indirect UV det ectlon(W Beck and H. Engel hard, 1992). Jones et al.

docunented a CE nethod in which 4-methyl benzyl am ne '

-
-

DETAILED DESCRIPTION OF THE INVENTtON

The buffer of the present invexﬁion can be empdlyed’ ina capillary electrophoresis
(CE) method using indirect optical detection to simultaneously separate and detect small
inorganic cations of similar properties contained in a sample. An early study on separation
and detectiqn of cations by CE with indirect UV detection was made by Foret et al. (F.
Foret et al, 1990). Beck and Engelhardt reported imidazole-based buffer used in capillary
electrophoresis of organic and inorgénic cations with indirect UV detection(W. Beck and
H. Engelhard, 1992). Jones et al. documented 2 CE method in which 4-methylbenzylamine
was claimed to be a chromophore co-ion and a compound was selected out of a group of
multidentate cheléting agents of donor atoxﬁs of oxygen to be a component of the carrier
electrolyte (W.R. Jones et al).

A CE method using the buffer of the present invention can be generally carried out
in the following way: Fill a capillary of about 5 to about 200 pm ID with electrophoresis'
buffer; Then inject sample solution of the small cations of ammonium, alkali or/and
alkaline-earth metal ions at the injection end of the.capillary in either the hydrodynamic or

the electrokinetic mode. In hydrodynamic mode an injection of the sample solution is made



was clainmed to be a chronobphore co-ion and a conpound was sel ected out of a
group of nultidentate chel ati ng agents of donor atons of oxygen to be a
component of- the carrier electrolyte (WR Jones et al). A CE nethod using
t he buffer wib 9grimzpr esent invention can be generally carri edpouisGowoedse
follow ng way: Fill a capillary of about 5 to about 200 [err]mID w th

el ectrophoresis buffer; Then inject sanple solution of the snmall cations of
ammoni um al kali or/and al kaline-earth nktal ions at the injection end of
the capillary in elther t he hydrodynam c or the el ectrokinetic pode. In
hydr odyna®y saisigsample soltian %mi e 1¥Jﬁ@l‘§’a‘1"ﬁ5‘l of the capillary o height relatiygyto the

98/ 27422

by rai si né‘ tsﬂﬁ?r?ﬂ %n 81Ir th[e Rxlla% f?rhaewlhlr*e eof: owe(éthod" m?‘liﬁ ebyc 3% ?rc@% sQ;QQ@

hei ght 1 eljad davfpid Solhitich @ebrig!th®sarsple s@lfutlbﬁl nt6 & ih|eRtivn bad oﬁth%hblﬁa@’ :etsy
injection is nade by applying pressure to the sanple solution to bring the
sanpl e solapplying & ncgattvn@ress}xmﬁ visubmdatghe ﬁn@cm end of yklm%nﬁ}araptpl spck ghe:

R Lo Sagale ofion Heo e g Gnd B B Pl SleahPRin o ok ibRefbis
el ectroki %Haagr ;ﬂ}?%pg*lfl% : tdg@No itfe 'éﬁ&’seopﬁlea&%ﬂ/dr?go %r%@'ﬁx@g:ﬁn&?s hﬁﬁ tROds

of the capi ecatlons Into the capil el ectrophoretic

nmovenent aagillatyeby elecsoptoretict xhovex(xﬁiﬂihd ebectrubstmcitiwﬂowf(EﬂFé, dbalkeflowrfithe
the capillary induced by, elect ic field nect_the i Jectlon end and, t he
ot her end ¥ rsideathe| gapillary dnduced l?éff"rlé"fm?o%nelq'ae C&HBEﬁtc,‘ ¢ hjectinm eed and, the o

Compart Moo 8 ARG 40 Bty B logt BRBlnonRAlurLf Rpfirone
capillary wker® ﬂk%ﬂd@aﬁﬁ thie cathed tof h potvebupphi reside] fespdctingly! Applyadi vditagy ofind

conduct current in the el ectro\%gorem S buffer inside the capillary to br| ng
t he cati onkk¥ftoSAkdt @smetegds ok |capnllem nombtmmaéégh electeisdield wimength plong the

detection en Lor.o t| nal a vel.engt h _at
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with a mcroconputer. The discl osed buffer contains conpl exi ng agents

enhanci ng mehitartoptical\signadiat appropnate wavelength at a place near to the detection end of the

"'1(

capillary. Record the optical signal with a chart recorder or mtegrator or collect the optical
signal with a microcomputer. -

The disclosed buffer containé complexing agents enhancing selectivity and
chromophore co-ions making indirect optical detection, in particular indirect UV detection,
possible in the CE separation and détefmiﬁation of small inorganic cations. Complexes
have usually different charge to inass ratio from those of the hydrated cations. Hence,
effective mobilities of the cations can be manipulated to enhance selectivity in CE
separation of the cations by introducing proper complexing agents in CE buffer. Unlike
the multidentate complexing agents of donor atoms of oxygen reported by other research
groups, the disclosed buffer contains essentially a multidentate complexing agent of donor
atoms of oxygen and nitrogen, particularly nitrilotriacetic acid. Other complexing agents, if
any, can be crown ethers, such as 18-crown-6. Concentrations in the combination of
nitrilotriacetic acid and 18-crown-6 are also éritical to the selectivity and consequently to
the resolution in the CE separation of the cations. A chromophore co-ion making indirect
UV detection of the small inorganic cations available can be a nitrogen-containing

heterocyclic compound, particularly pyﬁdine. Desired pH of the buffer can be adjusted by



chronmophore co-ions meking indirect optical detection, in particular

I ndirect UV detection, possible in‘the CE separation and determ nation of
smal | inorganic cations. Conpl exes have usually different charge to mass
ratio fromwbagsarfzh the hydrated cations. Hence,. ef fective nofitt/ksEymmoss
the cations can be mani pul ated to enhance selectivity in CE separation of
the cations by introducing proper conplexing agents in CE buffer. Unlike
the nultidentate conpl exi ng agents of dongr atons of oxygen reported by
ot her research groups, the disclosed buffer contains essentially a

mul t i dent ateddingndiluted irprgepénacids (Gwnexamytle psrcblorisxggjdnhydrdchiotic agidner nitric
particularly nitrilofriacetic acid.. Qher.conpl exi ng, agents, if any, can be
crown et heraé‘,‘ﬂgﬁewaﬁ'éz %@sz 6%4'8ch%%’§§€ch?$%%° F‘Hg)'he combi nati on of
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chr onophor aigiletriateticedtidi in hdncantatioly’ rdegecof i ih MM td6 mMal Andthar gmiplexing
cations avail able can be _a nitrogen-containing heterocyclic conpound,
parti cul ar |agemhi il Gicrewn-6ds p cepcepfration rangeipfit §.& mMaa 59anihijA chremophore covign
08/ 27422 . D ge . . SE7/.00067 8
addi ng_di | ¢ BYFHRS & panesrason aEe of oh g 1999 A esiied GH RS ST RTOYeER
aci d or ni tiboit 2Gbthboff 40DeRti6én € nshle( P theeyatiBhiar fefbddEndf i, Cat 549601 The
acid). In a particular enbodi nent of ‘the disclosed buffer, one conpl exing
agent is nitemperature sangeifor aGE methed using dhe disclosed bufferisqireforablynvonductdray

Anot h | ex| i - CrOWn-6 i trati of 0.1 mM.
Lo 50 MM ASEPBHHET S 80 o 306 RSt eam sV GO AR, (G EDAFIRSTBRa. v
to 40 mM Desiref @lifanae liflg hid WRERsEP O berrdOc MO hitiftzed 0! £alyjZ2Mhd $mall

made, in the particular e ment, at 254 nm The tenperature range for a
CE net hod usbrpgnicheatidns i sampleb wohtinihg spmpleesratdnypler nolixtitre dbf cdbns endvaeutral

about 4 [err]Cto 60 [err] G and nost convenjently at ahout, anbjent, (rqom
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for these cddtection end of thé eiﬁilliﬂym.fagﬂ‘@eeds than those of transition metal ions and other

large cations. Neutral compounds and anions migrate at even slower speeds. Advantages of

the CE buffer and method are improved seiectivity, high resolution, enhanced detectability,.

reduced analyéis time, wide liﬂearity of respbnse functioh, minimized interference and
good robustness in the separatibn of the small cations in real samples.

The practical usefulness of such increased selectivity and resolution .obtained by a

CE method using the prcsent. buffer can be illustrated, for exémple, using a tapwater

| sample and a seawaier sample. Both the samples can be separated with sufficiently high

resolution for the purpose of qualitatively screening and quanﬁtaﬁvely determining the

small inorganic cations.

EXAMPLES

The following examples are helpful in the illustration of the invention disclosed
- herein, but not construed as a limit to the disclosure, or the claims to follow:

Example 1



smal | inorganic cations mgrate in the disclosed buffer fromthe injection
end toward the detection end of the capillary at fast speeds than those of
transition nmetal ions and other |arge cations. Neutral conpounds and ani ons
nmgrate at Q2B wer speeds. Advantages of the CE buffer arRCHIGITHOE e
inmproved selectivity, high resolution, enhanced detectability, reduced

anal ysis time, wide linearity of response function, mnimzed interference
and good robust ness in the separation of €he small cations in real sanples.

The practi usef ul ness af s ch i n ased selectivit '

obt aPlned b S epareon, B GiHRSPR t%é‘aﬁ‘?*’ége‘m"“ﬁﬁz‘?fg?m@&ﬂ‘l hlkgﬁ aﬂ@hmfmh

exa e, u awat er sa e. Bo e sa es
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can be separated wth su esolution for the purpose of

qualitatively s candagl mlmctuwaﬁthetfmlbwu’tg/e@ht smnail ihorgadib eations vas peepgesd: C
cations. EXAMPLES The fool |l owi ng_exanples are,helpful in the illustrati qp of
the i nvent povmenium G- )nkitham (Lpoc snsiura (e +)r wrotpsaigmy ()i mageesiyra (Mg

di scl osure, % 13 WO 98/ 27422
PCT/ S®7/ Oﬁﬁﬁwé@pgrba. “"ngeg%g )Iaa%i egﬁg{r@oaf )a standard ni xture of

anmoni um  al kal iAl@BQluﬁbh@%fbe?ﬁﬁﬁrw uaﬁatgabatep@ﬁrebmuﬁk?y High&Othhh @ 3NIECbirained
buffer A standard m xture of the followi ng eight small I norgani c cations

was prepar evith aiNrNOpure elapune] water systent (WMEG4). Blgctropboresiswasaieeforthyd in a
t [ K , | t ti

(Srerr] )m £l R TR f?})(uwx%}fﬁ R e R R AR

resisti V' %lﬂpf a§ Hﬁ”ﬁ tdtal leﬂﬁhfﬁ?rl?&n""‘gﬁg'd@t BEWHD AR }‘iﬁh@ r

system ( El ectrop oreS| S. was- perforne used silica cap

of 50 [err]uwm étﬁp;ﬁxﬁglﬂymmmaﬂ' polyimidegoating. 'IEfefcapﬂlav;ewaengtthedfxnmhhe (ﬂam 4cbhr y
was 45.0 cm and t ot al 57.0.cm The ,detection w ndow of 2 nmm was  made
by stri ppi R t He WEA@&I% >21091 Qéteé@&t (Ligear Tingtrumpats). ofRe \%B‘uﬁﬁst"ﬁ‘ﬁl tgn

into the T ls%erﬁﬁillr purged for precondmon with water (2 minutes), 0.1 M sodium hydroxxde &)

minutes), water (2 minutes), and followed with the buffer (5 minutes). The buffer

u

comprised 10 mM pyndine and 3 mM nitrilotriacetic acid (NTA) and 3 mM 18-crown-6
(pH = 3). Between runs the capillary was washed with only the buffer. The sample solution
wa.;s introduced into the injection énd of the capillary in hydrodynamic mo.de by raising the
injection end immersed in the sample solution to a height of 4.0 cm relative to the other
end of the capillary for 20 seconds. The injection end of the capillary was then lowered to |
the same level as the other end. The injection end and the other end of the capillary were
connected to the buffer in anodic and cathodic buffer compartments where the anode and
the cathod 6f the power supply reside, respectively. A voltage of 18 kV was immediately
applied to the ends of the capillary to conduct current in the electrophoresis buffer inside
the capillary and to bring the cations of interest to travel from the injection end toward the
detection end of the capillary. The detection of the cations was made in indirect optical
mode by on-capillary monitoring absorbance at 254 nm. The electropherogram was
obtained with HP 3390 A Intég_rator (Hewlett Packard). The electropherogram obtained is
'shown in Figurel. |

The separation was completed in about 6 minutes. The resolution between any peak
pairs of interest was greater than 2. Peak identifications in Figure 1 are as following: 1.
ammonium (NH,*, 10 ppm); 2. potassium (K*, 10 ppm); 3. sodium (Na*, 5 ppm); 4



of the LINEAR WIS 200 Detector (Linear Instrunments). The capillary was
then sequentially purged for precondition with water (2 mnutes), 0.1 M
sodi um hydroxide (5 mnutes), water (2 mnutes), and followed with the
buffer (5 m The buffer conprised 10 mM pyri di ne and
nitri_Iotrig‘ggﬁsc azgid (NTA) and 3 mM 18-crown-6 (pH = 3). Befpmdggrﬁggﬂgosﬂthe
capill.ary was washed with only the buffer4naThe sanpl e sol ution was
intraduced into the injection end of the capillary in hydrodynam c node by
raising the injection end imersed in the sanple solution to a height of

4.0 cmrelative to the other end of the capillary for 20 seconds. The . _-
i nj ection efalciim &G@’hch(bppma;rg TRASNCEEY \%erlecpﬂ‘@;tﬁhétrg‘&ﬁ\é“l( el108pm) -

ot her end. L N [ B end of the capillary were
connect ed tl‘%ﬁ%‘%ﬁ??@&g})ﬁiﬁg}g&éﬁgm%gﬁ%di c buffer compartnents where

the anode amBkafpR Zathod of the power supply reside, respectively. A
voltage of 18 kV was immedi ately applied to the ends of the ca iI2I+ary to
conduct cur iSsparatien @ahd defestion opisodizny Na)f patassiuig (He), trhagnesipinl (MgY), xalrium

det oot on eRiol Tyasabalst FESs bY AR B ARElPBfobE"C ot one was nade i n
i ndirect optical Aagaviy QRyteRia Mkted Wit ©45 Hon HyRR a@f(aggwﬁgﬁﬂ(%m%:rnﬁe

el ectropherogram was obtained with HP 3390 A Integfator t Pac

The el ect r odheetmgional),othemidilettdi ty 300 wimes rwith svater. The Ditheer sxpeniraentaincomiitions
conpleted in about 6 m nutes. The resglutjon hetween an eak pai(s_of

i nterest wasVee thersemerasdhess in Bxamplede FPBEE‘PHBFH%EI‘PIH Q%‘%%‘r%és how inEigure 2.

f ol | owi ng: ' .  endi Si : 3. <l - 3.
Sodi um ( Naf ik WRREURDLD o aPn7A, spdiuck NG MR 1LY, 5~ EodBBum
PCT/ S@7/ 00(hfg*30 cal cium (Ca[err], 10 ppnm); 5. nagnesium (My[err], 10

ppm; 6. strontium (Sr[err], 10 ppm); 7. lithium (Li[err], 5 ppm; 8.
barium (Ba[ &¥amplad ppn). Exanple 2 Separation and detection of sodium-

Seavat o sanBPEDoM et o o RLET (HEY B o btk ) catdiin®
(Ca™) in a tapwater sample by CE using the disclosed buffer :
A seawater sample was filtrated with 0.45 ym nylbn syringe filter (Cole-Parmer
International). The other experimental conditions were the same as those in Example 1.
The electropherogram obtained is shown in Figure 3. _Peak identifications: 2. potassium
(K*); 3. sodium (Na*); 4. calcium (Ca®"); 5. magnésium (Mg*").

SUBSTITUTE SHEET (RULE 26)



A seawat er sarrple was 45 [err]mnylon syringe filter

( Col e- Par mer Internat_Lm‘m Ii“mHIl[jD!ﬁt ed by 100 tinmes with water. The
ot her experinental co n|s wer & same as those.in Exanple 1. The
el ect r ophewogs/2repbt a| ned is shown in Figure 2. Peak identi PCESGOTMDET 2.
potassium (Klerr]); 3. sodium (Na[err]); 4. calcium (Ca[err]); 5. nmagnesium
(Mg[err]). Exanple 3 Separ at i on and detection of sodium (Na[err]),
potassium (K[ err]), magnesium (My[err])}l cal ci-um (Ca[err]) in a tapwater
sanpl e by L ng the disclosed buffer A seawater sanple was filtrated
with O. 45C%"W$n nylon syringe filter (Cole-Parnmer International). The
ot her experinental conditions were the sane as those in Exanple 1. The
el ectropherogram obtained is shown in Figure 3. Peak i dentifications: 2.

pot assi um (K[ ery sodi. Cl um err sium
(My[err] ;nl UESH'J%#? g{plﬂ(bt% n]tgxmn%t &g'f mg lgeht aiid dt1east
PCT/ SQO7/ 8ROBY chiorbpddied-ion, forlidé fl?"a capma@meafwha;@lsnﬁé@ww&mﬁ&te@t ng at

| east one conpl exi ng agent and at | east oné W chronophore co-ion, for use
in a capi bptiay detbatinnrto separate, identdy hodl detetniine suhiall eatiomyinisampleslet ecti on t o
separate, identify and determne snmall cations in sanples. 2. The buffer

of laim]l ri atel y adjusted.to between about 2
Lo about & by Theartgss bf Clai hnagior 8 o egoe p il Cpcibates G Vopnese. o
organic a qm{. ic GRS o HNO! §%n o fer
of Claim %b(\g/h%erelg%&tﬁ#e w gﬁﬁgrmphore %;H?%Q’ﬁfg"ge any nit rrg eﬁ-zaﬁs o _
cont ai ni ngs CEICGOH oy CH,COOHpoa nixtude therBbf buffer of Caim1l V\/nerel n the

conpl exing agent is a multidentate conpl exi ng agent of donor atons of
oxygen and nityoge uffer. of Claim1 wherein an additj onal
Co)r/rgl exi na ag@h‘i uffer uir@lax 9»3515615 the UV chromop]hore co-?on may be any niltrogen—

containing heterocyclic compound.

4.  The buffer of Claim 1 wherein the complexing agent is a multidentate complexing

agent of donor atoms of oxygeh and nitrogen.

5. . The buffer of Claim 1 wherein an additional complexing agent, if any, may be a

crown ether.

6. The use of the buffer of Claim 1 for separating, identifying, and determining small
cations in samples using a capillai"y electrophoresis method with indirect optical detection
Wherein the small cations maji be inorganic ones including ammonium ion(NH“)
common alkali metal jons (Li", Na*, K") and alkalme—earth metal ions (Mg?*,Ca*", Sr**,
and Ba™").

7. ° The use of the buffer as in Claim 6 wherein the voltage used is between about 1 kV
and about 50 kV.

‘8. The use of the buffer as in Claim 6 wherein the capillary is made from fused silica
and the internal diameter of the capillary is about Spm to about 200um. |

9.  Akit of an electrophoresis buffer of appropriate pH for use in capillary

electrophoresis using indirect optical detection containing a UV chromophoré co-ion of



crown ether. 6. The “ mﬂﬂm of daim1l for separating,

i dentifying, and det Wﬂ ﬂu ions in sanples using a capillary

el ectrophoresis nethod*witht4ndiréct*optical detection wherein the snall
cations nayobs&2i4enr gani ¢ ones including ammoni um i on( NH[ er r PCT/SGYMUIG7

al kali metal ions (Li[err], Na[err], 'K[err]) and al kal i ne-earth netal ions
(My[err], Ca[err], Sr[err], and Ba[err]) The use of the buffer as in
G airm 6 wherein the vol tage used is betWeen about 1 kV and about 50 kV. 8.
The use of. the bu h r

Used” s I EREGHEPRHiEme R ierfhalic bofheo it B iadehfaut limplefink delnlfdompt 1) m 1 o
about ZOCHt%ELFbx)%enaﬁdh’xitfogQﬁaﬁd‘a%hﬁﬁiétﬁ&horeS'S buffer of appropriate pH
for use in capi-llary el ectrophoresis using indirect optical detection
containing a UV chronophore co-ion of WO 98/ 27422

PCT/ SG7/ D0 6Thelkit of Clany 8rwhetein the N chiernephory od-ian efnifyogandsontaininigt i dent at e

10" The. Afeseevetc ZoRPOHHS PP AR SRR Do BosrRyAp M. o

ni t rogen-contai ni ng heterocyclic conpound is pyridine in a range of about 1-

M t 0 abopf. Hhd WMl ofidain$Gilkieln e riiftéhte LoRHRXIh %"énﬂw dorBPRlofsor

conpl exi ng agent of donor atoms of oxygen and en Is nitrolo

aci d ( NTA9xyigenand aitpgenis ritrolotrideetic aditl (NTAD drua ramgeidf abéht OThmM td abfut 61 ai m 9
wherein the crown ether is 18-crown-6 in a range of about 0.1 mMto about
50 mM 13mMihe kit of claim9 wherein the el ectrophoresis buffer pHis
about 3. ' '

12. The kit of claim 9 wherein the crown ether is 18-crown-6 in a range of about 0.1 mM
to about 50 mM.

13. The kit of claim 9 wherein the electrophorcsis buffer pH is about 3.



