ANALYSI S OF METALS I N ACI DI C SOLUTI ONS RELATED APPLI CATI ONS Thi s
application clains the benefit of U S. Provisional Application No.

60/ 615, 81wp 2bedmadroect ober 5, 2004, the contents of whi clrcarusévsnatsy:

i ncorporated by reference. BACKGROUND 1. Field of Invention The present
invention generally naaNA&LYSIS OPNVETALS INFACPDICISOSUTIONS particul arly,
the present invention relates to the analysis and detection of netals in
acidic solutions. 2. Discussion of the Related Art The matrix of a solution
sanpl e has a pronounced effect on the detection or quantification of trace
anal yt es deg&gﬁm&i nstrunments. For exanple, an acidic matrix
may obsc i) quantification of the nmetals. The difficulty
of detecting, identifying, and/or neasuring nmetals in acidic matrix exists
for a nunber of different analytical tools. Faor exanple, an acidic matrix
can obscure t HeigrppEeationslamg thebspslitof Bay: ipé?]“%?’n§ AQHECWPQI a5 6P/R13.8 1
chromat ography. Acidic matrices are also problematic in nass spectronetry,
such as ifiletliOttobez Sy 20Wiy fleadnishtsoffsvhichsse lquehytincorponated biyleferespract ronetry is
generally the techni que of choice for neasurenent of parts-perbillion (ppb)
and sub- BPACKEOYROYNDICh as parts-per-trillion (ppt) of elenents and
conpounds 1 n solutions. For exanple, the present assignee, Metara, Inc.,
has devel oped an aut omated i nprocess nass spectronmetry (I PMS) tool that for
the firsty ti mpghbPweetffy S such as sem conductor manufacturers to detect
and quantify the chem stry of wet process baths and cl eani ng sol uti ons.

Unlike tradit iﬁ%%lres%slﬁve%[)lgﬁ éér%?ﬁfyrrgla{eg% e{nmﬂto?’solhﬁ&sl. %e&a%%@ﬁi'aﬂﬁ%hé S

present invention relates to the analysis and detection of metals in acidic solutions.
10 2. Discussion of the Related Art
The matrix of a solution sample has a pronounced effect on the detection or
quantification of trace analytes by modern analytical instruments. For example, an acidic
matrix may obscure the detection and quantification of the metals. The difficulty of detecting,
identifying, and/or measuring metals in acidic matrix exists for a number of different
15  analytical tools. For example, an acidic matrix can obscure the detection and quantification of
trace metals in ion chromatography. Acidic matrices are also problematic in mass
spectrometry, such as inductively-coupled-plasma mass spectrometry.
Mass spectrometry is generally the technique of choice for measurement of parts-per-
billion (ppb) and sub-ppb levels such as parts-per-trillion (ppt) of elements and compounds in
20  solutions. For example, the present assignee, Metara, Inc., has developed an automated in-
process mass spectrometry (IPMS) tool that for the first time allows users such as
semiconductor manufacturers to detect and quantify the chemistry of wet process baths and
cleaning solutions. Unlike traditional mass spectrometry instruments, the IPMS technique is

automated and requires no human intervention. In contrast, the use of traditional mass
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automated and requires no human intervention. In contrast, the use of
traditional massspectroneters such as an inductivel y-coupl ed-pl asna nass
spect r omawenogdi@PbB) requires hands on attention from rcghisgedsnassaed
personnel. The use of ICP-M5 is typically "open loop" in that a calibration

curve i sgfdctrsietestsadl dshnasdRyivélpRousied-plashi n@egkatom@EqUCRMS \eduires

concentrated (or diluted) solutions of the analyte of interest are

processegg{dl%rgg%g&tfogﬁo#n%g@é%ﬁégr&%%dand the results recorded. For

exanpl e, m-sol uti processed, then a 20 ppm sol ution, and so

on. Having establis 1S calibration cury, a _user. may th anal yze the
solution of i hﬁ%??s%%%’;’\q% bgr%ltc?lg'g GPER O(S’ngltﬁ?toarﬁaﬁﬁ@%%g%ﬁ ésef?%t t he
calibration curve, a user_ may determ ne the am)u%} of . the analyte, If, for
exampl o, cataidisheskipie BScry. da ERBATF I Ep EFERRE ROICRETAD (5B HiluiR® sobitgpret the
calibration curve recordings, a quantification of 15 ppm may be assuned.

But | P- Malyteof mitaxest agerppovessed thresgioths éCRMMS instrament and the. resvilis exposied. Forer e
may be response shifts caused by the difference between the matrices of the

cal i br at bofinsié, aN@kh sletidnBaysiee rbesssdd0the ¥ 20Pba. soluftiohiddasiod] Elampr i X
shifts in conposition, the calibration process nust be repeated. These

response g '1{sgée§%mycaﬁ&aﬁ&glgge, LRYAH hiyWed i e ofndalbE Riations by

experi ence ni Cl ans. tradi t’i ona SS spectronetry anal YSI'S Was

Cuch e, FRRBRAToADR b e Akt s AR PR R R oo en

t echni ques, however, |PMS instrupents are "closed | oop" anpd thus d ot
suf fer f rEeRts Sisrasalyisnilf, dor expmplen thepgiopssdics ﬂg‘ﬂ‘ixbeé‘vﬁ?ﬂég%ééﬁﬁ’m%ﬁig ol s an
automatic sanpling of the solution of interest, spiking the sanple with a
cal i bo at ippm calibratier dirvé woordings, a qrentfiiakien of nprine magbe eesgiedg t he i oni zed
spi ked sanpl e through the nass spectroneter to produce a ratio response,
and anal yzi ng BuhECF-MS @okespaosetotespdaieshifise thae.avitiven theasmanbs yt e in

t he sanple. Unlike prior

response shifts caused by the difference between the matrices of the calibration standard and
the sample. For example, if the acidic matrix shifts in composition, the calibration process
must be repeated. These response shifts may be rapid, requiring frequent re-calibrations by

15  experienced technicians. Thus, traditional mass spectrometry analysis was inappropriate for
application requiring continuous and unattended operation such as in semiconductor
manufacture. In contrast to traditional techniques, however, IPMS instruments are “closed
loop” and thus do not suffer from response shifts.

In an IPMS instrument, a processor controls an automatic sampling of the solution of

20  interest, spiking the sample with a calibration standard, ionizing the spiked sample, processing
the ionized spiked sample through the mass spectrometer to produce a ratio response, and
analyzing the ratio response to determine the amount of an analyte in the sample. Unlike prior
art open loop techniques, response drifts are not a problem — the drift affects the spike and

sample in the same fashion and is thus cancelled in the ratio response. Thus, automated

25  operation may be implemented without the necessity of manual intervention or recalibration.
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art open | oop techni ques, response drifts are not a problem- the drift
affects the spike and sanple in the sane fashion and is thus cancelled in
t he rati owoes@uas®2 Thus, autonated operation may be i nmpcenspesmdsssist hout
the necessity of manual intervention or recalibration.In addition, stable

and r el i'ghldgitRBesta1é Y leBatds sper@ibnly assted GRein@nb eghbodinient, theaiseis  of
atmospheric pressure ionization (APl) such as electrospray to ionize the

spiked SADLSrOr RQHE oni bilEn Heen RlcABLILRORRGRS idiie BOGSRES Bfdpkat | on of

nmol ecul ar speci e | PM5 technique is applicable to the

ovel - anMeEEig A kg Bb AL BT Bipaso o e e st BRARHE S R mp BRSO

in the detection and analysis of netals in an acidic matri sing this

t echni quie IRMSdechaique iy, c%10|tg¢,@rg§'s§rcgag@al Sﬁ?eéé’@%tfaqeﬁrg?]#er anal yti cal
techni ques such as ion chromat ography. An exanple of an acidic matrix is a
comul yearseatratioesini ng sol uti on duri ng sem conductor nmanufacture that is
known as Standard C ean 2 solution (SC2), which is a solution of

hydrochl ori c meiglte(théhovel ddidoganpepes propetdied ¢k JPM S redhnighe challenyar yi ng
ratio. SC2 may be used to renove the netallic residues fromthe surface of

Si 11:con el et Y alithiata SR o 6L Seack TRl SKeBingThR pBgue0ON Tal i o

for SC2 used 1n sem conductor” manufacturing is one part of HCl to one

part of % H2 to Si arts.of ul [ s . e ti nuous
decr ease Oﬁeclvﬁg%i)eé% @1?9&8 Al pcrgsne%@tog@er 3%@?‘3:%@‘3%@%‘\.1‘? g;smll b §§€ ased
control of the contam nants i? praogess so| utions qi}lljch ai SC2. Cglntrol over
the cont ShfPREINEEME. ARsSERRIAOL B acHE madms s afoEnenly-HsdHleanmg sPIEPN i t h t he
el ectronic circuitry during device fabrication. Thus, the quantitative
det etfri ndtiimgnsearicondnetarmamntctet s isriorn as Standarid{deans? solutiond S 2hdudient
SC2 solutions is of imense inportance, for exanple, in the optim zation of
a solution of hydrochloric acid (HCI), hydrogen peroxide (H,0,), and water in varying ratio.

O

SC2 may be used to remove the metallic residues from the surface of silicon wafers by

forming soluble chloride complexes. The most common ratio for SC2 used in semiconductor

manufacturing is one part of 37% HCI to one part of 30% H,0; to six parts of ultra pure water
15 (UPW).

The continuous decrease in the geometry of semiconductor devices requires increased
control of the contaminants in process solutions such as SC2. Control over the contaminants
is important because SC2 comes in direct contact with the electronic circuitry during device
fabrication. Thus, the quantitative determination and management of metallic contaminants in

20  fresh and spent SC2 solutions is of immense importance, for example, in the optimization of
semiconductor manufacturing yields.

Due to the high matrix of protons and chloride ions in the highly acidic SC2 solution,
an online determination of trace levels of many metals is very difficult. Such a matrix
obscures the analysis of metals in analytical instruments such as mass spectrometers or ion

25  chromatographs. For example, because the metals will not be ionized in an electrospray
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sem conduct or manufacturing yields. Due to the high matrix of protons and
chloride ions in the highly acidic SC2 solution, an online determ nation of
trace | ewsbo@io4smrmry netals is very difficult. Such a nmetmiusabssisaes t he
anal ysis of netals in analytical instruments such as nmass spectroneters or

i on chr oL ARBSess, EUor ARG maBegRUBEBEcaRBtahsive ot detedt theen.i oni zed in
an el ectrosprayi oni zati on process, a correspondi ng mass spectroneter cannot

measure of, dete %%eent d? gtiﬂg% %és?o?‘f&ﬁzati%ﬂ Sikhi o hﬁu@ﬁ&el%—ﬁ&%?eﬂlaén?ﬂbﬁi%ﬁ&ﬁar@ uch as

i nducti vel'y-cou ionlzation are used, e correspondi ng nass

spectronet er, cannot be subjected to such har shl L di I i ut
instr urre\’ﬁegrfg?‘r& S mg tSB?C%é)Fgﬁeé 53151'06% %@ECP&%& %?Ch%hh%rgaﬂwa%cflasglc iﬂagﬁp
metals in such matrices often involves the dil gﬁ?l on of the patrix to_.reduce
Che mat rividhel frsitimen daruiep a4 orTSFIses BOPIeae 1 b A AL ShECHS TSt o
tends to dilute the netal concentrations to i measurable |evels. The

backgr oumdirives sftendueslwseheadilttioe ofitHeunaidx td reducetthametriceioet thuddileinn afuch

that the mass spectroneter cannot detect or accurately characterize them

As an al jenpatd ydcertthionBéfithatalsendbe Elutathe afced chicehigdionatdimmicaswallor at i on
in an offline process. But volatile species such as boron or nmercury are

then |os fevelgpf{?@yﬁzkgrghﬁd H&E’@Me}‘wﬁﬁﬁﬂé LBl ia #5beRBHESrhi®onS QAN 18AtGH4 he

sanpl e preparation r the analysis in such instances. Accordingly, in nost

cases, if a problemis detected, su as_ Lpurities i : si ng
of defecFP$§%ﬁF ?WﬁFW§dﬂ§9§” %%ﬂ%%g&ﬁF%gggﬁﬂéé iﬁ%g%%@%mﬁﬁéﬂhgo enti al

| osses will be high. Regardless of the anal ytical tool% usiad for .the

anal ysi smg¥ ba eliminataddiyricaleand o RAPRERILOP ibd} REPEeSY Pyt YR Ak pappeipsSuch

mai ntaining the integrity of the SC2 sanple starting fromcollectjon to the
end td aasborsh st mBnrysxatheh dgst. SdRreoheraitupeplly sequjnes 2410 48 hwrrdogpmples at ed

t enperatures, between about 600C to about 750C, and at this tenperature the
mat ri x ofheSEApleHrePanaith Gor the aallystsein Sudingthiaes.t Aecordingigniamhst cifsed, iftn SC2 ar e
continually reacting with other

problem is detected, such as impurities in the SC2, processing of defective product will have

occurred for some time such that potential losses will be high.
Regardless of the analytical tool used for the analysis of acidic matrices, another
15  problem with offline analysis is maintaining the integrity of the SC2 sample starting from
collection to the end of analysis. For example, SC2 cleaning is typically done at elevated
temperatures, between about 60°C to about 75°C, and at this temperature the matrix of SC2 is
dynamic in nature such that the components of the SC2 are continually reacting with other
components and can change over time and with temperature. Thus, by the time the sample
20  reaches a laboratory for analysis, the sample may not be in a representative formulation as it
was at the time of collection. In addition, the SC2 matrix is a strong absorption media for
airborne soluble contaminants such that if samples are exposed to air at any stage during
sampling, transportation, or analysis, the matrix of the sample may be altered or contaminated.
Moreover, the cleanliness of the sampling containers is important and a large amount of time

25  and money is spent on cleaning sampling containers. Also, metals present in the sample
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conponents and can change over time and with tenperature. Thus, by the tinme
the sanple reaches a | aboratory for analysis, the sanple may not be in a
repr esentwoizv@/fomul ation as it was at the tinme of col lPeTtisems/obis42
addition, the SC2 matrix is a strong absorption nedia for airborne sol uble

cont am NgyionsisblaB aht drfadscibih &g Wik ofxtRavadidee This, thi amoyntsifaige therr i ng
sanpling, transportation, or analysis, the matrix of the sanple nay be

altered or p‘fé’ﬂ.taﬁmvé‘ é’nﬁi% %rsg&}ég{%c&r@ﬁn&lb@ﬁ% Ba&g&a@}tzgg B SN

. arn
cont al I'IE?S I'S 1 npor e anount of tine and noney is spent on

cl eaning s ling containers. Als net res ANPE |LUki on
may pl at @agﬁn?s %FC%%S Jﬁ'lﬁ‘sgﬁen[ WBOR}\%C{P@ eg?na{hggﬁglgeﬁfgtitsﬁ or 111’12 g%@%ﬁ%}kg&glﬁ%%l nt of
time the sanple is allowed to sit_ in the sappling container before being
anal yzedowaranyusdesiteble cpntarenagisa FinlE, m&@ﬁ%.maiﬁgn’ gﬁ%@@ﬁ% 8ported that
even the cleanest of sanpling containers can | each out many undesirabl e
cont afri naotficaticinneInhatrixesfoehéraldy pdses high irisk of enatanpiastionsarisample gprodififdtipi cat i on
of matrixes generally poses a high risk of contam nation or sanple

modi fi cafy.pfntlrRbt thateatiestthé henjlotebhe hacuticy bfithesabselgens anhlysiefonalt of acy
of the subsequent analysis for all of the reasons stated above. Thus,

of fline gnal Xsesq c%%%"vgl ?‘hl%%oﬁﬁﬁéiirﬁlyg%td’finﬁﬁs i deidié Hﬁﬁ'ﬁ:@?&&?mhﬁ‘h@&fcdi ngly,

there is a need I'n e art r I nmprov techni ques for detecting and

characterizing netals jn acidic,.matrices. SU Y, [ change
resin proces s%ﬁgoréﬁng&, ﬂ“%eds s lﬁg}ﬁet arrgﬁr %%grog@nﬁg%}fng}ﬂdéé@ gécﬁ)‘l d%%dg){d'lg e
metal (s) may conprise netal cations or netal conplexes. In this process,
the resi pharactexizingmetaly inagidig mptiigeak| y aci di ¢ netal conpl exi ng reagent. Sone
of the functional groups in the resin are thereby protonated and bind to a
resul®i nSUMVMBARYonpl exi ng reagent ani on. Advant ageously, the activated
resin then neutralizes the acidic solution such that the netal (s) nay be
detected or characterized while the activation of the

A weak anion exchange resin process is disclosed that neutralizes an acidic

solution. The metal(s) may comprise metal cations or metal complexes. In this process,
the resin is activated using a weakly acidic metal complexing reagent. Some of the
functional groups in the resin are thereby protonated and bind to a resulting metal

15  complexing reagent anion. Advantageously, the activated resin then neutralizes the acidic
solution such that the metal(s) may be detected or characterized while the activation of the
resin limits trapping, adsorption, and precipitation of metal(s) within the activated weak
anion exchange resin. The activated resin may then be regenerated using a strongly basic
solution such as ammonium hydroxide such that samples of the acidic solution may be

20  continually analyzed using the weak anion exchange resin.

These and other features and advantages of the present invention will be more

readily apparent from the detailed description of the embodiments set forth below taken in

conjunction with the accompanying drawings.



resin limts trapping, adsorption, and precipitation of netal (s) within the
activated weak ani on exchange resin. The activated resin may then be
regener atwo 20ad/0ag79a strongly basic sol uti on such as amworwsedpdssmz de such
t hat sanples of the acidic solution may be continually analyzed using the
weak ani gRIEFIRSORIPEEON. OF DRAWINGSt her features and advantages of the
present fnvention Wil be nore readily apparent fromthe detail ed
description of the enmbodi nents set forth below taken in conjunction with

the acco rrpanybfg_rp%g,\eoggg%m@@ R EREH AN ED OuBRAMKNGE th Gidik Bhaweft he

mass spectrum sol ation, wherein the acidic matrix of the SC 2

ss spect an SC2 on, W acidic mtrix of the SC:
Fla o SHBRE TRa s Ce Rent R artu B SRR A Blydod #A R 2 T

matri x of the SC-2 solution has been reduced in accordance with an

enbodi ment of _the invention. FIG 3 _sho diagramillustrating an

appar at us f or FH&w Fhomstheast g riEumd rrﬁlﬁ%aﬁawﬁ&w erﬁE’(L:![B? asifedgtiE 9f an
enbodi ment of the invention. FIG 4 is a flow chart for an | PM5 process

i ncorpor e $EG2xohtion has bdeinrredueei dhaceppsianes withian cabed i ebthgiinyengan.

enbodi nent of the invention. Use of the same or simlar reference synbols
in different figures indicates identical or simlar itens. It is further
not ed t hat th@I@rasiongs dagramalluktentite anapparames frecubliAng EKDIDESORIETI ON
Reference will now be made in detail to one or nore enbodi nents of the

i nvent i oRayiWBid SecbiBntdWRRLH @Mbotinenb6f BesSfentiedl Wi th respect to these
enbodi nents, it should be understood that the invention is not limted to
any particul ar enbodi nent. On the contrary, the invention includes

al ternatives, gigd} fJ CAGY QRS fRRd IPUY BB IR oo rdg LRRRIIidhatidohe spirit

apparatus in accordance with an embodiment of the invention.

10  Use of the same or similar reference symbols in different figures indicates identical or

similar items. It is further noted that the drawings may not be drawn to scale.

DETAILED DESCRIPTION

Reference will now be made in detail to one or more embodiments of the invention.
While the invention will be described with respect to these embodiments, it should be
15  understood that the invention is not limited to any particular embodiment. On the contrary, the
invention includes alternatives, modifications, and equivalents as may come within the spirit
and scope of the appended claims. Furthermore, in the following description, numerous
specific details are set forth to provide a thorough understanding of the invention. The
invention may be practiced without some or all of these specific details. In other instances,
20  well-known structures and principles of operation have not been described in detail to avoid
obscuring the invention.
It should also be understood that the application of this invention allowing improved

analytical capability of metals in acidic solutions is not limited to any one analytical method.
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and scope of the appended clains. Furthernore, in the follow ng

description, nunerous specific details are set forth to provide a thorough
under st amnstorgosafs1toke i nvention. The invention may be pr &ctriuseaswsishout some
or all of these specific details. In other instances, well-known structures

and pri nehdhRofohy AREARLIRGhEEMEt 1 affeheEby ARSEE HiabeEs,ieithetdyaiubpressicavdi d
obscuring the invention. It should al so be understood that the application

of this ] B i ' OMESk LGal @ﬁ@%’el' ]-Q%F]Hﬁ in
acidic so J&?%}%@ Sl’ggllrrlrgatwglronh{igé to aa?lljg/moeyrigng%é?itl C tér{e}%ého T ;elﬁ%ﬁog of any
anal yti cal t hod. that .is .affected by .acidic matrices, either b
suppress?%’r?%q‘r aﬁ%ﬁ?tﬂlﬁbg? QOQ&WR@P?'X modi fi cati on of anal y%/e si gnal s,

by damage to the instrument or by any other artjfact wll tfenefit dromthis
i nvent i on. PrBeesinggeidis mpteicepavith dpion gehanggresigveids Higmged ?ré%?ﬁﬁo“é%tﬁ‘?ds t he
probl ens associated with prior art analyses of netals in such matrices. In
- genes al with priondreanatyfsespofondtalsin such nptieeninegtnbpl, membseofgfroblems eechange
resins in the analysis or detection nmetals in such matrices. For exanple,

the acti ¥@sdfi@Uishé Aseldfeor @&hihgeaysinds Gidunhiysis GRdbion nietasth dutlon, t he
nmetals nay be trapped in the resin voids or precipitated through reaction

Wi th, fof,.gxam o‘?’exé}}{ﬂ%%é Q&ide%{&ﬁlﬁa k&gg@&h{ @ adsbEnE RS 1HRYdREN, o di zed

to formprecipitates. I's tra sorption, and precipitation effects

are quite obl tic in the anal.ysis of .nmet.al s in i dic matr] .. T0
avoi d thgﬁg’isﬁpﬁgﬁ’%pﬁﬁﬁ fnné’? B a%g?éec}pé%%%gl?mgg%%(m W&hg?(gxeé ‘%gﬁlﬁé resin
is used to neutralize the acidic matrix. In (?eneral, an ion_exchange resin
i s an or Behpedpims.niraddiionnthe metals mgw bgprdied IoEn BESIIRlY o[RS {PPPES:t ached.
Dependi ng on the properties of these groups, an ion exchange resin my be
cl asH) f i edbogsios] dandgrecipitation offeats ara giishprekichatigin thesnalysis of negtala i asiliexchange
resin, the functional or active groups that have been coval ently bonded to
matrices.

To avoid these problems with ion exchange resins, a weak anion exchange resin is
used to neutralize the acidic matrix. In general, an ion exchange resin is an organic polymer
to which active groups have been covalently attached. Depending on the properties of these

15  groups, an ion exchange resin may be classified as either a cation or anion exchange resin. In
an anion exchange resin, the functional or active groups that have been covalently bonded to
the resin backbone are positively charged so that they may exchange negatively charged
counter ions (anions). An anion exchange resin may be classified as either a weak or strong
anion exchange resin depending upon the basicity of the active groups. As suggested by the

20  name, the active groups in a weak anion exchange resin are weakly (rather than strongly)
basic. Generally, a weak anion exchange resin uses tertfary amines or polyamines as the
functional groups but it will be appreciated that numerous other functional or active groups
having a sufficiently weak basicity (and suitability for covalent bonding to the resin) may also

be used.



t he resin backbone are positively charged so that they may exchange
negatively charged counter ions (anions). An anion exchange resin nay be
cl assi f i edoasoci4it¥er a weak or strong ani on exchange re®Ccm/Uuse@snsssay upon
the basicity of the active groups. As suggested by the nane, the active
groups in a wWegkordidn eXGRARODIES,ithe WEak atakdxrhdripa kdde istphciied $i 4 ongl y)
basic. Generally, a weak anion exchange resin uses tertiary am nes or

POl yam N8 cbfid 436 bl GV GRARTIAYPEEK JHPFE BEn@PRIGERAIRH olcBRtbnn

numer ous™ 0 ronal or active groups having a sufficiently weak

basicity nd suitabjli for cqvalent_bonding. t.0 r.esi al be
dsed. To FAPAR 1A st kherdh BEREh O RS S B R el DR
packed in a suitable colum such as one constructed from PEEK of  PFE

t ubi ng. Mereby braeanjrinsg Withip a Svitable- OIS Thavaid dis ReREPEEROFEEL Hithode of
operation be desired. In a batch node, the resin need nerely be contained
wi t hih atrspritg bisrptont aidierprecintation pfimetaks hyraphoreershargs gedim teawekt anion
trappi ng, adsorption, and/or precipitation of nmetals by an ion exchange
resin, tggh edR O sexabanteith asolntionof 4 wedklpadidiv ateed complxiag salganti on of
a weakly acidic netal conplexing reagent. As used herein, a "weakly" acidic

met al Comr%:ugg&[ %gg?iﬁgdap A b %iﬁ{c]ﬁnété’l RipRaaRNEad2aMicRgs B BRI Ang a pKa

rel ati ons or the functional” groups in the exchange resin is

such that ,a supstanti al tLo the [functi. | ar r, f

un- pr ot oNRPFC ]Pﬁﬂm%§6%£@$%ﬁ¥§“% dﬁ%@ﬁ??%§&$ggémﬁgﬁggﬁ%%ﬁgﬁggﬂ%gareagent.
Regardl ess of the particul ar, weakly acidic netal c | exi ng reagent used to
acti vat eswai&anﬂélsnomontqféhf-‘r%ﬂ}%ﬁ#@owaml&ﬁé@-m%@wemqr SRRRPETEHO BB WSAEH of
its functional groups protonated. This protonation requires dissociation of
t he Weakhgideoetalcompteaingaeagehtexi ng reagent, resulting in the formation of a
nmet al conpl exi ng anion and a protonated functional group. This anion wll
have a cert ai RepardRd\6f tBS pdrtidullat weaklylueidic meahaineslefinnrnganatedgo activatesuch as
a

the resin, the resulting activated resin will have a portion of its functional groups protonated.
This protonation requires dissociation of the weakly acidic metal complexing reagent,
resulting in the formation of a metal complexing anion and a protonated functional group.

15  This anion will have a certain binding affinity to the protonated functional group (such as a
protonated tertiary amine) as known in the arts.

The activated resin may then be used to reduce the matrix in acidic solutions. To
neutralize the acid in the matrix, the activated resin should have sufficient number of un-
protonated functional groups. For example, as discussed previously, an SC2 solution includes

20  hydrochloric acid (HCL) as a constituent. Because hydrochloric acid is a relatively strong
acid, it will protonate virtually all the non-protonated functional groups in the resin that
remain after treatment by the weakly acidic cation complexing agent. These protonated
functional groups then bind to the chloride anion formed from the donation of the proton from
the HCI compound. The resulting treated SC2 solution that elutes from the column is thus

25  virtually neutral in pH, the HCI molecules being bound to the functional groups in the resin. It
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protonated tertiary amne) as known in the arts. The activated resin may
then be used to reduce the matrix in acidic solutions. To neutralize the
acid in twe w2 the activated resin should have suf Pcriuseaososssver of
unprotonated functional groups. For exanple, as discussed previously, an

SC2 sol Utk bersdterdst Rnemnesdha bt & campibtd taklo)alas il LuhcGhbitastnabRecause
hydrochloric acid is a relatively strong acid, it will protonate virtually

all the - . j a i . [ Ratt i er

Fr eat monEo B s P b Bl e R e PP et e g
functi onal oups. then bind.tg the chloride anion forpned fromthe donation
of 't he. prBUBHE PRI SR btpt R FSsil et B el el Bty o
that elutes fromthe colum is thus virtually neutral in FH, t he gﬁ]

mol ecul edspeehiereipumeuializedeshall Hus pahigfer & %aﬁsof /¥ jup instead [o PH ek BIGhd be
noted that there need not be a conplete renoval of the acidic matrix to
enabl & détequodtoncomentritamas tobarablafdr dlre asfoamsededmmlysish & odegmpde, efgivent ri x

renoval necessary will depend upon the particular anal ytical instrunent

that wil bndietidas@@] @y BE Q16 &Sddidte mRel quileiaé@blatoltif th¥ acidi mued isirugallved
"neutralized" shall thus not refer to a pH of 7.0 but instead to a pH at

whi ch the Qﬁﬁto? sfgRcentration is tolerable for the associated analysis.
For exarrp(? e, a vae’n' anal ytical tool nay be able to detect netals quite

accurately if e acidic,matrix i eutralized.to. H of | 6.5 .Wth
respect to théﬁ %FFEFé? L? By arbaiéfsésco[ri%S ciign %Jé?eéﬁgu}%l(ﬁ%g@%e%ﬁ#ﬁa}béee%rgm%i tabl e
organi ¢ and i norganic weakly acidic netal conplexing reagents tq activate
the resi and erasse wenkhy acidie mgtal garpplepng pgagentgtoactryate the desiyinglude ??Q%méfci d,

et hyl enedi am netetraacetic acid (EDTA), nitrotriacetic acid &NTA) ,

di et h§| eneitly dcativ acpennbaadd,igtycali¢ abid, BEFnedieminstesraectiia atid€EPEDA) , gl yci ne,
and i m nodi acetic acid (I DA). For exanple, acetic acid nay be used to

act i vat e ngrot@ddefiadi@ QK eAl), Wickliy1éregiantadpeataheric axid iDTPA) retsilonediBeb@use of the

weak acidity of

(EDA), glycine, and iminodiacetic acid (IDA). For example, acetic acid may be used to
activate a column packed with the weak anion exchange resin. Because of the weak acidity of
the metal complexing reagent, it is believed that only a relatively small percentage of the

15  functional groups in the resin will be protonated. These positively-charged functional groups
(such as positively-charged tertiary amines) may then adsorb or bind with the metal
complexing anion formed after donation of the proton by the weakly acidic metal complexing
reagent.

Note that one could reduce undesirable proton levels in harshly acidic matrices by

20  simply eluting the acidic solutions through a column packed with a weak anion exchange
resin. But recall the problems discussed previously such as metal retention and trapping,
precipitation, and oxidation, which cause undesirable memory effects and other errors in the
detection and quantification of the trace metal concentrations. If an anion exchange resin

were simply used to eliminate an acidic matrix without any other processing, these trace metal

25  analysis problems would remain. However, trace metal analysis is enabled by the initial
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the netal conplexing reagent, it is believed that only a relatively small
percentage of the functional groups in the resin will be protonated. These
posi ti velwochavgem2f uncti onal groups (such as positivel pcchse@sd3iserti ary
am nes) may then adsorb or bind with the nmetal conpl exing anion forned

af ter dopabhth Ffihd fesin By FhORedRYy ddidic weak bymplekidi ecageitalt is betievekihagthiseagent .
Note that one could reduce undesirable proton levels in harshly acidic

matri ces I i Jo j ] cked
Wh o STl SR 8 Rkl Sht il BIOOMI B KU

previously such as netal .re tion.an i .ecipt tiat-L.on,

oxi dat i on?étc\mﬁea ﬁn‘i%ﬁﬁg%gtﬁﬁﬁ’étiﬁﬁearﬁ ¢ %81%13’/ e él%g?%ﬁgﬁrg Iﬂshb%?lé‘%rart%a?é&g Tn the
detection and quantification of the trace tal concentrations. |If an anion
exchangeme@beampleriag apipp il haed Werke l?lﬂ‘flﬂ%f‘ toa@’ie @F‘EOWIT%QC%W?J%‘BHP any
other processing, these trace netal analysis problenms would remain.

However , than sdléthertmiride aeiby &i the SE€2esnmbibad s, thsehlioride pripmexchenrges sthdke t he
resin by the weakly acidic nmetal conplexing reagent. It is believed that
this tregkAEfimpledueanian.” Thaijotityyofshembtapesnasietiageniods witichdswoatbimenal

groups in the resin already protonated and associated with the resulting

metal cogp exd 8 a{?ﬁ%}otohg inl ? Beb iseuesh bheim HRindnEtiAd BaRRofpldxehgani on

wi |l have a weake ding affinity to the protonated functional group than

i 11 the chloride anion.in th sl Ut | i i
cchango S R he Al R i 3 T i ioh Yoes 0 osbliic o Bpord 20 P

| exi i i || thus combine with the renaini tqns in the SC2
Col Ut | onetens chy RelaH BT BHHS BALTHE PP B R R BARRIRe t he bul k

of a weak acid in solution does not disassociate into protons and anions.
Thosk0 netahpleompherd sigbitisathe metalni ddwantagegushy; thedosmloxing Hitkemefte t hen free
to conplex with and stabilize the netals. Advantageously, the conpl exing of
t he net atomplephe ¥hiog sahi Bacante vithanaale ised @ftviiont suet thitst is sasily slshssobieted such
that it is easily disassociated
even in a relatively gentle ionization process such as electrospray ionization. Moreover,
because the metal complexing reagent is weakly acidic, the pH is kept substantially neutral,
for example a pH of 6.7.
15 It is further believed that the weakly acidic metal complexing reagent provides a
further benefit besides complexing the metals in the treated solution. For example, a weak
anion exchange resin will typically have a certain concentration of hydroxide ions distributed
through the resin. For example, although a tertiary amine is only weakly basic, it is basic
nonetheless and thus will have a tendency to ionize with a water molecule such that the
20 tertiary amine becomes protonated and a hydroxide anion is produced. However, activation of
the weak anion exchange resin with the weakly acidic metal complexing reagent eliminates
these hydroxide ions from the resin prior to treating the acidic matrix. In contrast, consider
what could happen should the resin not be activated by the weakly acidic metal complexing

reagent. As the acidic matrix flows into a column of such un-activated resin, any hydroxide

25  ions near the entry port of the column will be eliminated by the acid matrix. However, the

A
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even in a relatively gentle ionization process such as el ectrospray

i oni zation. Moreover, because the netal conplexing reagent is weakly

aci di c, twe 2péd/iis4s79ept substantially neutral, for exanplPeTarspidsoBssé2 7. |t
is further believed that the weakly acidic netal conpl exing reagent

provi des anatnix ¢dntinudsan bt neutiigediasst fonpthexigh thet dodunme siech shat thetshitibn aedred

sol ution. For exanple, a weak anion exchange resin will typically have a

certain cercitponidfe d@imﬂywﬂm@v@emjleoa&ﬁin?! Thi, lh?)&@ﬁid%%@éﬁﬁld?sﬁﬁ bk BRekséht FOr
exanple, although a tertiary amne is only weakly basic, it is basSic

t hel : ol s : j : | e
uch ¢ hat "TRe oy iy Y (A EaC ThERAEABHAL Sk SRS pOnPIMTL B T

pr oduced. er ., acti.vation.of t weak api on...exch e resin with the
Reakly: acPi ety Ghriis b the dnsEhmiioatnd e abuE BREBE wy R sBrtctene f r om
the resin prior to treating the acidic matrix. In contrast, consider what
could ﬁapﬁé??@ﬁ'féﬁi d the resin not be activated by the weakly acidic netal
conpl exing reagent. As the acidic matrix flows into a columm of such
un-activat ed r Esgardleangf thy imotigmifer ihervecaklyacididmetah¢anyplgong reagent (vehettmer itrm
will be elimnated by the acid matrix. However, thematrix continues to be
neut ral i zebref fetd] bomBlekihs OuBidrbkide (Rl roduttish 6ha Eddahiniti oFObMY, TR bapehs t he

exit port of the colum will have little acidity. Thus, hydroxide ions
coul d sti Lky;Brqmyasenk ARGl ek ctRAbL rdlinlddd Bralddfic ' PG iGuidydr oxi de
i ons woulh tﬁ%s tt)),e avalingggclr‘g to reac% Wlétf‘? met a@réhﬁ?%ef‘gjﬁgm@g%’gﬁs‘ﬁ‘fﬁ

i pi d h ' he..abi.l i . d/ h '
retal b rOURPRPCe SRER B ifRE Honta e Rl BB e R e ng
or 8 Dby Aaeioh stk Rieet e Shen e 06a Bk DGR gt RoBepkel vHaadGak

ani on exchange resin are dramatic. For exanple, Figure 1 illustrates a mass
spect r um pels cdlibratignisiaodard WoKread Gmand dilD ppb dDMSrepikes iThe ofsuliGg Barspleut i on.
was then electrospray ionized and processed through a mass spectrometer. Inspection of
Figure 1 indicates that the spectral response for the metals does not exceed an amplitude of
10,000. In contrast, Figure 2 illustrates the mass spectrum for an SC-2 solution with the same
15  calibration standard and spike. However, rather than dilute the original SC-2 sample 1000
times to reduce the matrix, the spiked SC-2 sample was processed through a column of
activated weak anion exchange resin. The resulting sample was then electrospray ionized and
processed through the same mass spectrometer (with the same tunings) as used for Figure 1.
Advantageously, the spectral response for the metals shown in Figure 2 has increased at least
20 10-fold over the prior art dilution technique of Figure 1.
Having treated the SC2 solution, the weak anion exchange resin is easily regenerated
with an appropriate strong base such as ammonium hydroxide, sodium hydroxide, or
methylamine. In the regeneration of an anion exchange resin, the protonated basic sites are

returned to their neutral basic states. For example, a protonated tertiary amine would be

25  reduced to a neutral state upon regeneration. The regenerated column may then be re-
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To reduce the matrix effect, the SC-2 has been diluted 1000 tinmes and then
spiked with a 10 ppb calibration standard (Ni, Cu, and Zn) and a 10 ppb

| DMS spi kwo 200v041®2ul ti ng sanpl e was then el ectrospray ipomusea)sassss2
processed through a nass spectroneter. Inspection of Figure 1 indicates

t hat t he aspreidrisltreasaoRnsd thowedkieaoidit aletal doeplering rexgestad bareadyrl i t ude of
10,000. In contrast, Figure 2 illustrates the mass spectrumfor an SC 2

sol ution wﬁt§4ﬁzéa€ot§é@§rn RlorBtialcirhis (vaNe ahstAAg tRhkdce mepgyever, rather than
dilute tﬁe original SC-2 sanple 1000 tinmes to reduce the matrix, the spiked

SC 2 sanpl e Wag RLOLRTSRE L YO0 GRAIHINR £h Al Rhed Rk 0N xCchange

resin. The res g sanple’ wa ospray 1onize processed

t hrough t he sane SS ectroneter (wth the sanme tunings) .as used for

H gt o 1 DA pRAT A R RO TG ST R e BOHEE: FopDERE SEHET s shown | n
Figure 2 has increased at |east 10-fold over the prior art dilution

t echnb queotysacEhayides of manswihey suitabletpolymeane Aezak enign cuhangavesipésgenaialln
exchange resin is easily regenerated with an appropriate strong base such

as anmmonistipplisyl o s ifeten ofieeds) mhivhdnopaitier, beodense(glyesing)ian @ordns (thdveoporous
regeneration of an anion exchange resin, the protonated basic sites are

returned réﬂls% hehd te Bt UealisdfR8d Rertihal RRtivEIYinR@YAHR] 8 thSpRiQlATGhesr thertiary

am ne woul d be reduced to a neutral state upon regeneration. The
regenera%ggscolunn may then be reactivated by treatnment with the weakly
acidic ne é%'conplexing reagent to be ready to neutralize another sanple of

acidic matrix il.e stabiljzi the trace netals. As known i he art, the
pol yner backb&if&rHRe 80%%121% Al Sm%énart%’%f’alﬁl% Orb@’pﬁlif%élag)&bagy nt heti c
pol ynmers such as styrene-divinglbenzene copol yner, acryli.c,
pol yd8cchrgorrisaies aeolwmny 00 paeked siithaaisak apionprehange msw«a?\é()ﬁ it dhange
resin is generally supplied in the formof beads, which may either be dense
(gel r esiselsdtionrvap@ridQselecn forapotutions torair elumnlI0d. Fec brringplie ifthobohm3@d her ei n
is relatively insensitive to the particular formof the
has finished eliminating an acidic matrix, it is regenerated through the control of selection
valve 310 to select for a suitable base such as a dilute ammonium hydroxide solution 320
(such as a 2.0 M solution). A pump 325 may then pump ammonium hydroxide solution 320
15  into column 300. Selection valve 310 may then be controlled to select for a suitable weakly
acidic metal complexing reagent such as dilute acetic acid solution 330. A pump 335 may
then pump dilute acetic acid solution 330 into column 300 to activate resin 305.
A solution 340 having a harsh acid matrix such as an SC2 solution in which trace
metals are desired to be characterized may be spiked using a spike 350 and allowed to
20  equilibrate in a reservoir 355. The nature of the spike depends upon the type of analysis being
performed. For example, in an IDMS technique, the spike would alter the isotopic ratio of the
analyte being detected or characterized. Alternatively, in an internal standard technique, the
spike would contain a homologue to the analyte being detected or characterized. In either

case, the spike has a known concentration such that the analyte (the metal(s) of interest) may

25  be characterized using a ratio measurement. A three-way valve 360 may then be switched to
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beads. Referring nowto Figure 3, an exenplary matrix elimnation apparatus
301 that incorporates a colum 300 packed with a weak ani on exchange resin
305 is ilwobnecasem2 A sel ection valve 310 sel ects for aPrswlusteosn3ise2 ent er
col um 300. For exanple, if columm 300 has finished elimnating an acidic

matrix, z!dIoWé QI8 hedriiderpuugl B ashe wthttamcd pafiosef the equilibraat g@k&10 t o
sel ect for sw abl e base such as a dilute ammoni um hydroxi de sol ution 320

(such asg erMeWu]lﬁﬂSO%eev gwme?z@@m{@éaéch&nvaw (BB e Be Bothionsd de

sol ution Into col umm 300 el ection valve 310 may then be controlled to

sel ect for %gaﬂf'\%glﬁﬁségg? &npﬁ% %n%&o ?&{‘% e&)ll ?&ﬁgﬂ[éttreﬁfé‘&@gﬁéd dilute

acetic atl®¥ en purrp ute acetic acid

solution 330 into colum 300 to activate resin. 305, ol uti 340 having a
harsh acsanpiefpmeobmm Wevillhusciave g G‘Pélﬁﬁn%t’ﬁx &HPJE‘ﬁtefl (i 33& are desired

to be characterized may be spi ked using a spi ke 350 and allowed to
equi 13 br stalslized. he érser mofals i3BShe beechazacterized &Wemn@@g@éﬁmﬁ upon the
type of analysis being performed. For exanple, in an EDVS techni que, the

spi ke woisglurabdtSicH 3@ e kpqirometk (1t dfustrdted)aMalpytvenbeflngnt Getremiesh or
characterized. Alternatively, in an internal standard technique, the spike

woul d comg g ﬁkﬁ %&E{%ntaﬁd 5&%@&%&; ﬁo@%hféﬁngqie%m%ceg insGhREACA er i zed.

I n either case, has a known concentrati on such that the anal yte

(the netal tere V. urenent.

A t hree- (, %)’a?ﬁ% g n’gi\) atﬁ% Ogl\t/i\natc%&gﬁ%l ﬁlwsggcﬁf& ngug’h asga syringe
punp 365to w thdraw a portion of the rated e a

reser voi Fessasts. 'ﬂ'ﬁﬁ"é"éf%/éi@%éhe\/t@ﬁa?é@a@ﬁ]& Bﬂu%I @gk% ?W:pr ﬁ#en be
controlled so as to allow punp 365 to urrpthe wi t hdrawn _portion into

col uhh 300uldRakect forthe evalsitak btremm] QORF@M%PWP Berhediith WRUBIGHHE | t s

acidic matrix elimnated and trace netals stabilized. The trace netal s may
then be ¢UPWaGY@Es Fesshuy sacleay afies fendiivaionnet! Y thisfashion, samples 340 may be

analyzed continually 24 hours per day for several months without changing column 300. In
one example, trace metals Na+, Ca+2, Cut2 may be detected in the range of 10 ppb (parts per
billion) in 5% H2S04 having a pH <2. To form the column, 5.6 gram of weak anion

15  exchange resin in free base form was packed into a2” x 0.2” PEEK tubing. The resin was
then activated by flowing 10 ml of 0.5M acetic through the column. Excess acetic acid was
then washed from the column with UPW. Then 2 ml of sample matrix was treated through
the activated resin bed. The treated sample matrix elutes from the column at a pH of 6.7, near
to neutral as can be tested by any analytical instrument.

20 As discussed above, the IPMS technique permits automated analysis of both trace
contaminants and constituents in liquid and gaseous solutions. An exemplary IPMS tool for
trace analysis is disclosed in U.S. Ser. No. 10/086,025, filed February 28, 2002, the contents
of which are hereby incorporated by reference. The machine control disclosed in U.S Ser. No.
10/086,025 is readily modified to control a matrix elimination apparatus such as described

25  with respect to Figure 3. The resulting IPMS process flow is shown in Figure 4. In step 400,
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i nstrunment such as a mass spectroneter (not illustrated). To prevent
effluent fromcolum 300 during the regeneration and activation acts from
ent eri ng wbeoanalypei cal instrument, a valve such as a 3Peayst@swess3Y5 at
the outlet of colum 300 may select for a drain during these acts. However,

when t heﬂfersﬁﬁgvﬁqs SarRRled ok 6 &Eﬁ?]e?@b%%ks@&@tio@'gﬁkes\éﬁé Meendihbtabietih thesel ect
for the analytical i1 nstrunment. Columm 300 may be flushed with ultra pure

wat er (UPW .370 .as RVER : is
ashi on, PURHRLgR HHES SBlohaldR raR il B BRGHHANON tibhergl Bod B

sever al nths witho changi col u 0Q. .In e exanmpl.e trac tals
Na-+, Ca+g$01éﬂ§40261‘%?&9- nsguep g Galsq el tﬁ%ﬁ%‘&”&f"?% SB%%SEF‘P&"’%@?' i11ion)
in 5% H2SO4 havi ng a pH <2. To formthe colum, 5.6 gram of weak anion
exchange See&on1/f G,Qg Thesesuitingppiks sng sxtrasiedispmnple mnay then pave its pp1cie  upi ng.
The resin was then activated by flowng 10 ml of 0.5M acetic through the
col un. metesdimestd h sl 405vmslischeed, dasdxechple; eith réspect ¢ Bignred. t ThelRated Then 2
m of sanple matrix was treated through the activated resin bed. The

treated SRR QP mby tHeh BE RchéPRAyiBEzEPAndPloREsed iPiinRks Pedtront@@fin btop
neutral as can be tested by any analytical instrunent. As discussed above,

the |1 PMS, techni p 1 R i ] ! ts
and const4 }1 'ue% uLlﬁr?’ ?fa?&t“?fp% gasfe}lgdlza{g g%)[%ég%rlélgﬁtsﬂ.E%ﬁgegﬁgla%t?@%%%&%gol
for trace analysis is disclgsed in U S. Ser. No. 10/086, 025, filed February
28, 2002met éﬁ%ﬁ%ﬁ%@%ﬁ?ﬁﬁ%&e hereby incorporated by reference. The
machi ne control disclosed in U S Ser. No. 10/086,025 is readily modified to
control a mat ribg aboverdeseritied smbpdimeats pf thersescaidn RSO PISSRCIRIVIPCHEOECt to
Figure 3. The resulting I PVM5S process flowis shown in Figure 4. hi step
400, the slamphidvd mdet limitingd Viariony chioges eardmpidificationsmoaydwanadsiwithiosh. Spi kes
are often unstable in the ppb concentration range yet should be roughly at

t he sane jepReRNbALhio hvestiddia ilfBiabed Rpstd THefebahasiehiekdaimbhus, step
400 al so includes the dilution of the spike as discussed in U.S.

encompass all such changes and modifications as falling within the true spirit and scope of

this invention.
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Ser. No. 10/086,025. The resulting spike and extracted sanple may then have
its acidic matrix elimnated in step 405 as discussed, for exanple, with
respect twoRguier93. The treated spi ked sanpl e may thenpoe/ush@stoszspr ay
ioni zed and processed in a nass spectroneter in step 410. hi step 415, a
ratio regPpApasf romthe nmass spectroneter is analyzed to determne a trace
nmetal ioN(S) concentration in the sanple. The above-descri bed enbodi nents
of the prlwmj nvention are nerely neant to be illustrative and not
limting. Various changes and nodifications nay be nade w thout departing
fromthis inventign . in its broader aspects. .Therefore, the ended cl ai ns
enconpass-al | 40€ Oéwgﬂa%%almaﬁﬁ&?a?ﬁﬂg8f%?%£8§°@£1?’11 Helpding %ﬁ%sf?ﬁae true
spirit and scope of this invention.CLAIM5 | CLAIM 1. A nethod of

neut r al | 2netal uskig avwieaki snieT cxohaRge rgsie, PHMIISIEA i ncl udi ng at | east one netal
usi ng a weak ani on exchange resin, conprising: activating the weak ani on
exchagge resi mciivdtingaheveakit yniew extihangeteain withnpivealilp gcideagent conlexingak| y
acidic nmetal conplexing reagent partially disassociating into protons and
netal conplRxi Ag W&idmhﬂtﬂ%nﬁﬂmndg +AEdrt PRIl P HREASciating o pR@dnsani on
exchange resin are protonated and bind with the netal conpl exing anions;

0 TR Bl SRS TR bR e

ani on exchange resrn. conpri si ng:

subsequent .to the neutraljzing.act, regenerating.the weak ani on exchange
resin w t'ASIA A RTBRGHY B%‘i }”Elds}%ﬁhﬁﬁeéﬁ?ﬁ Ompiexmg ons; and.

neutralizing a sample of the acidic solution with the activated weak anion exchange

10  resin.

2. The method of claim 1, further comprising:
subsequent to the neutralizing act, regenerating the weak anion exchange resin with

a strongly basic solution.

15
3. The method of claim 2, wherein the strongly basic solution is ammonium
hydroxide.
4. The method of claim 1, wherein the weakly acidic metal complexing reagent is

20  selected from the group consisting of formic acid, acetic acid, oxalic acid, glycolic acid,
ethylenediaminetetraacetic acid (EDTA), nitrotriacetic acid (NTA),
diethylenetriaminepentaacetic acid (DTPA), ethylenediamine (EDA), glycine, and
iminodiacetic acid (IDA).

5. The method of claim 1, wherein the functional groups are selected from the group

25  consisting of secondary and tertiary amines.
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3. The method of claim2, wherein the strongly basic solution is ammoni um
hydr oxi de. 4. The nethod of claim1, wherein the weakly acidic netal

conpl exi nyoneayamt2i s sel ected fromthe group consi sti ngcofust@snsss4aci d,
acetic acid, oxalic acid, glycolic acid, ethylenedi am netetraacetic acid
(EDTA), nitrotriacetic acid (NTA), diethylenetriam nepentaacetic acid
(DTPA), ethyl enedi am ne (EDA), glycine, and im nodiacetic acid (1DA). 5.

The et h%d of "I%ll a'e?ﬁc;]d Ofvyﬁu Lei %ﬁg& & ﬁgfngnal groups are selected fromthe

group consi sti secon ary an Iary am nes. 6. The nethod of claim1,
further conpr|51ng spi a sanple and sanpling the spi ked sanple to
produce the s&RKIE iy %E%éldic solution. 7. The nethod of claim 8,
further conprising: ionizing the neutralized sanple; and prqcessing the

i oni zed neut r shinpbug thempiked spmalerdp produpethe sampledt theadia sAuien ze a
concentration of the at |east one netal. 8 The nethod of claim7, wherein
the i@gnizing act conprises electrospray ionizing the neutralized sanple. 9.
The nethod of claiml further conprising: analyzing a concentration of the

at | east one MBleghethdd b QaineEtfupthérz@ehpsidingl € using a nethod sel ected from
group consi sting of ion chromatography, capillary el ectrophoresis,

colorinetry, %I%qugt ﬁé?ﬁx%hké%f‘sangﬂé in@l fluorescence,

i nducti vel y-coup asnma nass gct'r onet ry, optical absorption, and
I nductively Copl% (lzegsqng lchae 1cr)rr?ized ngutrafi%ed sea%p?es {noanmg ses(f)téétpor{neéter:%o (charact% a

concentration of the at least one metal.
10
8. The method of claim 7, wherein the ionizing act comprises electrospray ionizing the

neutralized sample.

9. The method of claim 1, further cc.)mprising: analyzing a concentration of the at least
15  one metal in the neutralized sample using a method selected from group consisting of ion

chromatography, capillary electrophoresis, colorimetry, atomic absorption, optical

fluorescence, inductively-coupled-plasma mass spectrometry, optical absorption, and

inductively coupled plasma - optical emission spectrometry (ICP-OES).

20 10. A matrix elimination apparatus, comprising:
a column packed with a weak anion exchange resin; and
at least one selection valve, the at least one selection valve being configured to
select between a source of a weakly acidic metal complexing agent and a source of a acidic

solution including at least one trace metal such that the weakly acidic metal complexing
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10. A matrix elimnation apparatus, conprising: a colum packed with a weak
ani on exchange resin; and at |east one selection valve, the at |east one
sel ecti orwoaba4bb®ng configured to sel ect between a somctarsedosasssenk| y
acidic nmetal conplexing agent and a source of a acidic solution including

at | east queat iridbe acidicadohgisemiyhajuédtiallvgdisl tirawgh dhecoliha) the adiplcasivtigagent
and the acidic solution may sequentially flow through the colum, the

acidic so{hg;elb9|ge;r@%g@yhgg@| ng neutralized. 11. The matrix elimnation
apparatus of claim 10, wherein the at | east one selection valve is further

configured to select for a basic solution for regenerating the weak anion
exchange resi n 12. The matri x elimnation apparatus of claim1l, further
conprisin nal (i i nstrument 00{1 ured to tElhar acterize a,
concentra ‘ © 1R 1 XRRigaiqn pparatisiod claim toh@’hﬁféﬁ’c apt lead ogppelestion. 13,
The matri x eI i mnation apparatus of claim 12 wherein the anal yti cal

i nst r dnenvalevisiitisessonfigwse Haseirst Etvadsic sglutiph yorgeganeratingdhe Weak aniar i X

el imnation apparatus of claim 12, wherein the anal ytical instrument
conpri sesexhamgsespectroneter. 15. The matrix elimnation apparatus of
claim 14, further conprising an electrospray ionizer to ionize the
neutralized sanple for introduction into the nass spectroneter. 16. A

nmet hod of characterizing at |east one metal in an acidic solution,

conprisin sa ’ he sampl e; activating a
weak ani ng exc aénllélgg lrxeési?mﬁ&ﬁ(ghéi)g Weakl f%ﬁg{:lﬁg Jé"rpr!ilg{ ARG '&iaﬂ%ytlc al
instrument configured to characterize a concentration of the at least one metal in the

10  neutralized solution.

13. The matrix elimination apparatus of claim 12, wherein the analytical instrument

comprises an exchange chromatography column.

15 14.  The matrix elimination apparatus of claim 12, wherein the analytical instrument

comprises a mass spectrometer.

15.  The matrix elimination apparatus of claim 14, further comprising an electrospray
ionizer to ionize the neutralized sample for introduction into the mass spectrometer.
20
16. A method of characterizing at least one metal in an acidic solution, comprising:
sampling the acidic solution;
spiking the sample;
activating a weak anion exchange resin with a weakly acidic metal complexing

25  reagent selected from the group consisting of of formic acid, acetic acid, oxalic acid,
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reagent selected fromthe group consisting of of formc acid, acetic acid,
oxalic acid,glycolic acid, ethylenedi am netetraacetic acid (EDTA),

ni trotri awetzna/meciod (NTA), diethyl enetriam nepent aaceti ecaaisdoosDIFRA) ,

et hyl enedi am ne (EDA), glycine, and imnodiacetic acid (IDA); neutralizing

the spi kgdceRdii€ ofhilénddieniackiryrtedacie GRDEA), alitréiabakgeid @ETA), and
characterizing the concentration of the at |east one netal in the

neutral i zef é}kﬁ%ﬁ@@gﬂ%&&% LN (’;})Tﬁ&i SYRASHRBIRNYED A glythe, é}ﬁlt hod of

claim 16, erern aracteri zing ‘act “conprises: ionrzing the
neutralized aﬁi&eﬁed s(ﬂ@lr@ into ions; obtaining a mass spectrumfromthe
i ons usi HGT8 ¥ g meter, wherein the ratio neasurenment is forned
fromthe mass spectrum 18. The nethod of claim 17, wherein the.ionizing
act conpri seshepedizingdhe éR}k?‘Bi"ﬁn%HI?@’}tgi]@e. aef‘l’{éte[jré?'fei%émé’fl eXPhANET 1B fALr ei n
the acidic solution conprises a sem conductor processing solution, 20. The
met hol of cl aichard@erizihg thei qencéngragionpt e dtilbagrong meda 98 ithegnesbhligsdspikednpri ses
SC2.

sample using a ratio measurement.

17.  The method of claim 16, wherein the characterizing act comprises:
ionizing the neutralized spiked sample into ions;
10 obtaining a mass spectrum from the ions using a mass spectrometer, wherein the

ratio measurement is formed from the mass spectrum.
18.  The method of claim 17, wherein the ionizing act comprises electrospray ionizing.

15 19.  The method of claim 16, wherein the acidic solution comprises a semiconductor

processing solution.

20.  The method of claim 19, wherein the semiconductor processing solution comprises
SC2.

20
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