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601: GENERAL INFORMATION

601-1

p ,. irIp AnIIIiiIiceI MnIIII Val. ,

In recent ,an, hip performance liquid cbromatopapby (HPLC) hal JIOIIIl in
popularity .. a detenlliDative step for residue aD8lyIiI, mill today it iI aa:qJted ..
comp!emenlaly to the more tradilioaalpa liquid c:Iuomatography (GLC). HPLC
provides capeho1 itiea not po8IDIe with GLC, _ imponandy the ahiJity to ....
rate and quantitate raidues ofpolar. nomolalile. and JleaHpNle mendclh 1bae
characterisIic: mah HPLC the detenlliDative step of choice for IDIIII)' 'Mb,",
previously beyond the app1icability of muldn:sidue methodology.

601 A: PRrCJPUB

HPLC dewIoped ItI:IIdiIy during the late 196(M .. hip efR.-::Irftcy....... p.nide
peekings and impuhed inmumentation -.re proetnad. In con_ to d Om'
column liquid chromatography. HPLC UIelI IUgh ..-un: JlIIIiiIlI; Ibon. IIlIITOIf
columns packed with micropaniculate pbaaes; IIIUi a deteCtot" that continuonIIy
records the concenaalion of the 1aIiiJlIe.

HPLC syatena DIe the principles ofd Inl mIumn c:bronM'Ilaphy in an aaI,ti
cal instrument. Devdopment of HPLC hal been dilecdy reIated to neIJaNI!qr of
suitable bardwan: (colunma, puIiiJII, inlet .,..-. low dead volume fitIinat, -.)
that aIIowa Jliecile Bow contnil under the eIe9ated Jli IIes Deelied...weIT.. the
ability to manufaeh1re a wide variety of column pading maraiaIa in panicle lilies
of encting micron (pm) dimemionL

In con_ to GLC, where the pi mobile phase iI inert and does not alI"ect
lIepU1Ition ofanaIytes from one another. the 8PLC mobIIe pbaIe iI aiticaI to tbiI
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SeparatiOilS by HPLC ate achiCftd
UIing the fhoe '-Ie opeIational modes
(FJgUIe 601.0). The mode choIen for
a particuJar appljcarimt wiD depend on
the properties of the analyte(.) to be
aepaaated aDd ddamined. FCIi' aaidue
deteaminaticm, • for HPLC~
in general, BPC _ the _ widely
med.

HPLC bad Ilmited use for routine trace muldreIidue~ in the ..."".... of
sensitive eJement«leetiw: detecton. Early demopmeDt worlt relied ..haao, on
refiac:tive index (RI) or fixed wavelength UV IIbIolbance defecIDn. Ni:ither detec>
tor demoDlll'alCd lAlflicientlCDSitivity or selectivity for' _ in trace .aidue -IJ*.
In the JDid.19'101, the fIuorelIcencc deteaor _ ahowa to ..oride the n ~ ~ iIed
sensitivity and specificity for peslicidCll that ate iIlIllinDy fluol'CllCCDt or am
be chemically labeled with a fluorophore. ThiI.-db!d in the lint paxtka1 app1i
cation of HPLC to multirelidue pesticide determination (see method- tor
N-methylc:aabam Seetinn (01).

resolution. Choice of mobile pbale _ IeCOOO only to the c:boiIle of opeIlIIiDg
mode in determiniDg the suicabllity of the .,..em to produce the desired~
tiona.

1baeate two variatioaa withiD the fhoe
opeIatioDal iilCldClI ofHPLC opeaatioa;
thCllC diltinetioJll ate baaed on the relaii¥e poJaridea of amJonary aDd aooWIe
phaaea:

1) _ I pi-. (NP) c:hmn9eopap1ay: I1IIIjogvy phaIe __ polar .....
the mobile phase; the 1::J:1ar analJtea ehate line; analyte reteDaioo _
ina .~d by deueaaing phase poIIai1y.

2) leu • pi-. (Ill')~ "P'kmaay phaIe _ .. polar thaD
the mobile phaIe; the _ pOIaa' analJtea ehate linI; analyte reteDaioo is
ina ~ Ii ~dby ina! iog mobile phaIe polarity.

601 8: A«l ES a= lPERATDJ
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LSC is IIIdWfoneplII'ation ofilomen and c:Ja.eI ofcompo_lilli,diffi9ing inpoIariIJ
and number offunetional groups. Itworb batwith compounda dwhave RIuhdy
lowor intennediate polarity. HigblypolarcompoundamayuieoaaiblyadlotbOD the
column. Poor LSC separations are usually obtained for chemlc:aIII CODiaining only
nonpolar aHpharJe ll1&stiiUelliL

ILC, also CI1led partition c:bromaiopaphy. lmoha a aoIid mppon, IIIWI1Iy IiIka
gel or kieIelguhr. medllmkally coated with a film of an otpllic liquid. A typical
system for NP u.c is a column coated with 8,B'-oltJ dipropionluile and a DOPpoiar
solvent like heune .. the mobile phale. Analytes are ICJlIII8ted by panitloning
between the two phases .. In solvent extraetion. ComponenIS more Iolub1e in the
ItlIIiomuy 1iquid _ more slowly and elute later. u.c bas now been rep1aoed by
BPC for _ applic:alionl.

601-3

!£CILW601p r .M~Mor1ll8I~. I

BPC _ a stationaty phaIe dw is chankally bonded to aIlka gel by raetiOD of
silanol~ with a Il1bAintted organOlilane. UnJike ILC, the ItaIioDary phaIe is
not altered by mobile phale development or temperaiIiie c:IIanF. AllICIhaaIS can
be used, praaturation of the mobile phale witIl the lt8Iionuy phaIe is not _
quired, and gtadient e1uIion can be uIed to bnpitne resoluIion.

Specialized appIkaIions of BPC have been degeloped for ioal7ed CXlIIIPCJUDCII.
which are highly _ Io1ub1e and gmeralJy not well retaIned on RP JiI'c em
UJIIIIL Retenlion and IeJllIiUion can be Ina aed by adding an lIfIl.II'OPIiat pH
buffer to IUfJPi\* ionization (ioa supptalion chromatogntphy) or by fonn1ng a
JipophiHc ion pair (ioa pair cbrotnatography) beth een the analJte and a NWmtei'
ion of oppoIite~. The I'eIU1tant nonlonic species are separated by the .
column techniqJJes UIed for naIUI'a1ly nonioaic orpnic molccula.

Ion Il1JlPI' tOD is the ptercned method for IepIII'8IiOD of__ adlk and J.a,
for which the pH ofthe mobile phale can be 8l§uated to eJiminatr analJte~
lion while remaining within the pH U IllIbility I'lIIIF ofbonded aIlka ph e The
analJte is c:IIromatogtaphed by RP HPLC, usually on a C18 coinmn, uiDgmem.
nol or acetonluile p1uI a buffer .. the mobile phaIe. The technique is ClfteD
ptefetTed over lEe (see below) bc:gnw C18 columna haw: hJIber ......nvy.
eqn1Jibrate &oIter. and are gmeralJy easier 10 use ieprodndb!y COiiip8ied 10 ioa
evhangw: ph_ SCrong adds andt- are usually ICJlIII8ted OIl an ion eli hanp
column or by iOD pair chromatography.

Ion pair chromatography is uIed to IepIII'8te __ 01' ltnJIII ...idI ort- .. well
.. other types of OIJlIIIIic lonk: compounda. The method lmoha _ of a C18
column and a IDllbi1e phale bufrered to a pH wlue at which the analyte is mm
p1etely ionl7ed (add pH for '-. blIIic pH for adds) and CODia1D=z an lIfIPIO"
pliate ion pairing reagent of opposite dwF. TrialItylammooi IS are mm
monly used for cOmp1ex acidic ana1ytea and a1tyIIUlfonk addI for blIIic ana1yteI.
The lOll pIIiD separate .. if they are neutral polar motea...... hat the euct mecb.
nism of iOD pair chromatography is unclear. Retention and lIe1eaivity are .hied
by the chain length and concauration of the pairing nagw.. the C"OIICC'IIttatioo
of otpllic solvent In the mobile phaIe. and lIS pH. Retenlion ina eel up to a
point .. the chain length of the pairing reagent or ilS c:cmcentratioD iraa In,
then dea Plel or 1ewe1I off [1].

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

SECT1CJN 601

601-4

Compcl"lIIds not ioniad at the operathe pH wiD not pair with the r g It, but
they may ItiII be lIIl'OIlgIy retained by a CIS column dcp-nding on their aJkyI
1tJUCWJ'e. In this ClIIe. however. mendon wiD not mere- with the wlditinn ofan
ion pairiDg reagent. and IOIDe deu He in mendon may oc:mr. probably due to
reagent competition for the aationary pbale [I].

Ion Ex...... CIInwMt .......,.

lEe is used to~ ionic c:ompoundI. MicropartlcuJat insoluble orpnic polJo
mer resin or silica gel is used • the IUJIIlOIt. Ncptively c:Iuqed IUIfooic add
groups chemic:ally bound to the IUppOIt produce ItrOIlg add cation evJumaol
(sex) phases. PoUthe1y c:barged quaternary a!DlDCMlnun ions bound to the~
pon produce IlrOIIg I-e anion ncbange (SAX) pb ec 1be _ widdy used
resin suppon is cro.Iinked c:opoIymerprepared from ItyIeIle and clivinylbenzeDe.
Mobile phases an: aqueous butfen.

Separatious in IEC~t from compelidon bete: en the maIyta and pnohI!e JIb
ions for IIita ofoppoIite~ on the llatioDaly phase. Imponant Iactoia CQDII'llI
ling n:tendon ana selectivity indude the size aDd c:barJe of the lIIIaIyte ions. the
type and coocenll'ation of other ions in the buIfer system. pH. temperabUe. and
the presence of organic: IOhenti.

Ion chromatography. a subc:aregory of JEC. hal beeD wed primalii)' fOI' ....
tions of inorganic c:adonI or anions. Beau... a oondnnhity cIctltaD: is -u,
empla,ed. lOme means is required to reduce the ionic coocentnlion and. heDc:e.
the background conductance of the mobile phase. A IeCllIDd ion ezch-nge~
prellOr column to convert mobile pI-e ions to a JlOCICXlIIducting C'A1'f'OUIId may
be used. Alternathe1y. a ltalionary pI-e with 9CIY low nrbange ...* ii, may be
used with a dilute. low conductance mobile pI-e CODllIining ions that inrenct
strongly with the coIumn.

Sia: .." 'OIla. ¢ • apIcy

Two imponmt subdivisiorJa of SEC an: gele£"M'"don duwn.....~ (GI'C)
and gel fill1'ation cbromatognphy (GFC). lwei orpnicIO~ orpnic
polymers and other anaIytec in orpnic IOhenti. GFC lwei aqueaua .,. Hi- to
separate and chancterix biopolymers such • pureina and rnJdeic adds.

The chemiR de'IIe!oping an HPLC method _ 6nt ......-tt the properties of
the anaIytec of inrerat and c:hooIe an HPLC separation method dIat flat abs
lIlhan... ofthOlle properties. Many of the rd"et_ in the bihIiopapIry (5ecdon
6(8) offer guidance to ;Qtbae chokes. A geoenl. aimpIIIied guide fOI'
selecting an HPLC mode to the propenlea of the lIIIaIyte(a) is m-n.m
in FJgUn: 601<; the guide is on the pri...irlea ofSa7der and KiJtIand [2J.

/0



The following I-.lc oomponenb are typiaIIy included in an HPLC .,... ("r
un: 601~): IOhent nx..oit'(a); optional gradlent-fonnlng dnice; one or _
precision IOmnt delitery pumps; injector; ana1)'tical column and optional
precolumn and guard cohmm; column own; dereetor; ruorder. intqntor. 01"

computerized digiraJ aignal pmce='ng device; and eeociarrd p!rnnNng and ....
ing.

If

&11-5

&:CIDI &11

-woW&>2lXD?

No~1IC

M+mFJ--..,.cIIiw .&1

Y.
No

........,

............
BuIde till S LP dli. III HPLC MDdli
n-t on InIIvt& c!l8I id& iItb)

E IIIitttrtn~ ICIl
"too". 811 ......

l!IranlIIw 1pajAiL? UK
IPC 811 ......

11'. ~18. paIor
Y. erg ......

No LIe
6a; paIor
erg ......

IPC LIC IPC
11'.~ -.; paIor ........ pi-.
~ erg _ teN. Mf•• cIaO
--. erg-

p " ... AnBIiliceI ...... Val. ,

1biI scheme c:aIlegOr1zes anaIyta • either ionicflonbable (and therefore _
101ubIe) or nOllionic:/nooionizable (not _ ooIubIe). B-t on Ibe8e cIiIdnCl
lions, and on the polarity of the anaIJtea, the diagram provides gmeral ruJea for
chOOling an HPLC mode of operadon IikeJy III IepIIIafe the anaJyta.

601 C: NmlIJM3IlTATDJ A/IIJ NPARAnB
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For analytical HPLC, lJpic:aI flow _ DE 0.5-5 mLlmln an: 111m.ed by ',"ii!jl"
operatiDg at !IOO-MOO pIi. Although JIUIDIlB an: ClQlIIble DE hip P lie opcnt
tion, ltIte-of-theen 25 em x 4 mm id collJmns wit6 5 pm .-kiDP 9JIkaIIy po
duce 1006-2000 pIi at 1 mLlmin. High III f IlIlI'eIlhould be awoided ..... &'.. they
CODm"bute to timjted column life e.i'......anc:iea.

Aleudli ar--
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Columns are usually receiftd from
IIIlIIlUfacbJre with a J/4-l/I6" zdv or ldv
oudet fitting and a J/~ DDt and cap or
a Jeduclng mUon at the inlet (L", not
l/~ in size, but uuitubIe for J/~ !DIJinI).
Figure 601.fIhows a complete ldv fitting
connection between a column and a
detector. The column filS IIJUldy inside
the mln'e. steel end fiaing mil is RaIed
by a hiP~-- fenuIe. A 2 IIID
porous frit is teated betA ~n the
colnmn and end~The cnhmm and
detecror are~ bya ubottJensth
of Rain'e. steel (or polymer) bJhing.
The cohnnn • also connected to the
injection fthe using a zdv or ldv fitting
and a Ibort length ofJlainle. steel cub
ing.

r'V"--- QOl'i1

lAIIri'*d .... PM.. ' .",.....,.........
frarnLC-UI!- F , ............1

....-

p r .... An8IJ ' .. MIruII Val, I

Band broadening can OCXUI' not only In the anaIytic:al and guard c:oIumna, but aIIo
ill dead 1lO1ume ill the injector, detector, or phnnblng connecting the wrious
componenlB of the HPLC IJIIlem. This
efI'ect, called elltt'lKo1umn dilpeniOll, ..,..101,.
must be minimi-t for high d6ciency. CDUm 0UIIIt AFI....lIiinl••
The proper choice and UIe of mblng
and fittings are aitical ill this npnL

HPLCS, em"""""
derivatization, • used ill Seaion 401 for~ may be needed 10
comat analJta 10 compounds that can be detected with the Jequhed 1CDBitivit,
and!or selec:tiYity,

""' • Figure 601:e iIIuIcrates tbree
types of cohnnn oudet fiuinp. The
con.entional fitting (i) used in GLC
and perallaboJatolJ pIwnhinl{ bM
excessive dead w1ume; It bM been
modified 10 produce a zero dead wJ.
ume (zdv) fitting (ii) in which the
metal column and the mbillg are
butted up diJectIyagainst the Rainie. PI QInoailluilll~ lriJn ( is
steel friL There is evidence that the et.IedI; 111- UIiIln; (II) Idit .
DabJreofthebJhingconnectioninthe /RIp'__ '" ' , "'...... .., 8ano, .... -

zdv fitting may lead 10 IOIIle _ in =2.~'lII7I:r"...".=UjulI'" u""'"
efliciency, eupec:ially if the connection -
is not made carefully. The ldv fitting
(iii) improves efliciency by UIe of a cone-ub~ distributor connecting the pue
or frit at the end of the cohnnn with the bJhing. A typical dead volume for the ldv
fitting is 0,1 JI1..
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1i:••'.........tnllMJ.........-....
A variel¥ of fittiDp~ avallabIc ... can be finaeNildJtencd to the degree DeCl

CIIlU}' to &ealminlCII IlCC1 tubing at 2OQO.6OOO jiid. Ali of thae~ '-cd on the
usc of polymeric ferrules, but IODIC Iunoc a IlCC1 nut,~ othus~ an plallic

If

Flgura801~

..... 111111. 1a.- o.dYaIl-. ......

IIV..... 75 .... _pop.?! =:*__ iW. UI • L"
_lIaIIn, J.W•• "'1.IjIoIlurllh. P. '1'"
flIJn 8, _18B.)

EDanal mJumn eml 6"". (FIgura 601-e aDd 601
t). wbic:h were formerly pop"lV. ~ DOt dunbIe
during repeated l!tIlIcbmenlB and remcwU. lbUl,
the iDtemal fittiDg. praetkaDy Ilandlud today. This
1IlIelI female threads iD the fiaiDg body aDd a male
nut (FJgUn: 601-g).

um.... Unio..~ fittlnp ... coanect two piec;a
of tubing. The DlOIt CXIIII1I!ODIy~ lJpC • the
iDtemal thread Idv lJpC (Figure 601~). 1hc union
• not drilled through c:omplcldy. but a Ihon (0.02")
web of IIIClllI • left Ixtween the two piec:es of tub-

~1~t:c~~aI::::;:~~02n:
ing ends do not butt againIl ach adler • iD early
JJdv unions, there ._liaDynodc8d1IlIIumc added
to the system through their UR. FOI' this I!. an.
they~ commonly c.IaMified • JJdv nnioal This
type ofunion baa rc-r ..1 mbly. Ie IRnrNy. and
cubing iDterchange pmNcn. than the early bull
together JJdv lJpC.

llaUm_

FIgura 80111
SI ndBrd ..... 1111 Fiaing

AI hIT of JIll' I FiaiDp con" of four parII:
the body. nJbjng, ferruJc, and nut. The nut aDd

fcrruIc~ slid onto the IUbc end, the IUbc • p""'" an the way iDto the fitting
body and bdd there IICCUIely. the nut. fingeMigbtened. and then anochcr three
quarter blm • made with a wrench. This proc:edwe should __ that the fcrruIc
• pi IIcd ("IwaRed-) onto the tub
ing. To replace the fcrruIc. the tub
ing _ be cut aDd the fittiDg re
made. When UIiDg fittlnp to mn
neet system mmponentl, the nut
should be firIReMiIlbtened and then
lightened a onz.hliJfblm more with
a wrench. If leaking is oblcned, , .
IliKbtly more lightening should be _
sulicient to compIcte the lIClII. Over-
tigbleDing of nUlB can lead to fifo
ling distortion and lcab.

FittiDg mmponenlB £tom difIerent
manufacturen Iunoc dill!miJar de-
..... lizes,and thread lJpCI aDd~ -.ally not intmrbanl hie FcnuIls £tom
dilfcrent mann&etllrcn have unique shapes. but they~ -.ally inter±arl hie
bccauIc the front cdse. dcfOlmed when prm!i1 OIIto the tubing. BOAeiU•• a
scncraI rule. it • bell to purcbaIc an 6ttiDp and~ £tom OIICman~
curer. Ew:n fiaiDp ftom a given manufanurer dif£er • tly ..... al • of manufao.
lUling tolerances. BOWCia. this • of conc:cm only mil:robore coln_. _
which dead 90lumc • a peater COJIIidcradon. FOI' thae c:olumDs, it • bell to not
even iDterchange fittlnp £tom the _ manu&etlI!'Q'.

SEC1lON 601
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They are l-t JIIOIIIy on frequently atlached and delached hip pmlUJl: COlliif'(!.
dona, such • between the injector and column or column and deteaor, and tw
polymer tubing _ lines from the injector or detea«.

Fiuinp mUll be kept free aI IiIic:a puticIes. wbich may ac:rateh _fatea Let !n
the ferrule and union and CIIUIe leab.

'raIIIn«- StainJeea stee1 blbing is-nable coftilihen:ially that islUpPOledly relIdy tw
immediate UIe in HPLC systemL It is machine cut, ~ed, and debwled ID
provide perfectly lICJUlIie ends. It is aIao cleaned by 1OD1ClIMn, r-iYated. .-bed,
and rinaed with a II01¥ent such • isopropanol to eJ!minare resld"al din or oiIa.
Despite dliI careful preperaIion, it is a WIle prec:audon to rinae new tubing with
mobile pbaae under operating pimure before using it.putaIthe HPLC.,.ran.

The mOlt cxmuNlIlly UIed tubing tw connecting c:ompoaenta aI cbe c:bnJmalD.
Kr'lIPh is 516 nip)e= atee1, 1/16" 011, with different ins!de diameu:aL Tubing with
0.01" (0.25 mm) id is commonly l-t in ...... where dead wlume _ be~
mized ID maximize efliciency, "8.. between the injector and c:oIumn, pteoo!lIlihll
and column, columna in series, and column and detea«, and tw prepariIJI puIae
damping IpimIa.

Typic:aIIengtba aI tubinK c:onneaiona are !1-6 an. Tubing with 0.005 CII' O.oor id
isl-t to connect miaobore or short 5 JUD panic1e size columna ID ddecton and
injeaon. Fi1tering ofsamplea and IOhenlB is espee!pDy critk:al1D peiUit ckwilJg
of dliIlllIITOW bore blbing. Tubing with 0.()!.().05" id is -nabIe when 1d'I is not
important and low reslnnce ID Bow and Jll'C'IUiC drop is des!aab1e. For enmp1e"
1 mm (O.Of") blbing is often l-t between the pump and -mple bgectar.

Tubing can be eat to any required J.enftb in lhe laboratory, but it is impcwtanl Dot
to distort the interior or _lor during the poceIL The oimp1elt nIetbod isID
ICOI'C cbe tubing c:ompIeteIy around lhe Ouuide with a file and then bend it bid
and forth wbiIe holding iton eidler side aI the lICOlC with two lIiiIOCItbjawed pIIen.
The ends are filed IIIDOoth and deburred. and lhe mbing is thorougbIy 'm
with aohent. If the bore should become doaed bp the bending and IiIing, the tnbe
can be reamed out with an lIJlP'Opriate driB bit before finallDIOClCIring and...
Ing. A number of types ofmanual and motorized tubinK amen are available from
chromatography acc mory IIIIJPIIen. Proper a ...ing J tubing ID mate Ieak~
connectionll is an art that requires conalderable practice.

A1thouP Ilainl= Itee1 tubing and fiainaI are J'llDdard tw.,. 11M using capnic
and IlI1t-fRe aqueous aohenta, c:orroaioa becomea ap=with butIiea. cxwnaht.
Ing salta. particu1ady baIIde salta at low pH. HPLC c:ompaniea bate ,..u.Ne a
variety aI acceaDries that can aohe dliI prob1em. Theae indnde t!tinbun biah
pi Ire aptem cOIuponenta, for _ in the Bow _ at all pointa aI mobIe
pbaae contact, and d1llJJium or polymeric fIuorocubon tubing with id vaIuea Jimi.
Jar to atainl= atee1. One such polymer is Te&eI (ethy1ene«ua8uoroelh,1ene
c:opoIjmer), wbk:h can wlthlland p.-urea aI !lOOO pal or~. (Te8on is m.
ited to PP'IIUP'I <1000 pIi.) TI1lIJJium and polymeric pJumNng o'lllJ'OlleDlB are
eapedaIJy w1uabIe tw biochemical HPLC and ion c:Juomatnsiapby.

Rd"erence 5 is a valuable lIOUJ'Ce aI information to help -*I many tubing inIIaI
1alion problema.

601-9
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5, LeIib. Leab are reladwly e8IIf to deu:ct in LC iDIcnImeala 110 " .. liquid
will be visible around a 100Ie Baing. A 10Is of.,.... pi lie wbeD UIing a
COllllaDtwIume~ is a common sign that a IeaIt II1II)' be pi el !DL IftbiJ oa:un,
an flttlnp, eapeciaIIy ample vahe and column fittlnp, mould be chedred and
ligbtened if Dec: 'Y with two~ wrenches. Cue _ be JaIren DOl to
mmighten. If leaking does not stop. the fauhy fiulng _ be repJwa:d

B01 D: SCJLIISII75 AM) FEABENTS
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The mobile phaIe in HPLC is em-n for ks ability. in mmNnarion with a panM:.
Jar column, to povide the required aeparation of the .mIytcCI). The aoheDJs wed
to prepare the mobile phaIe _ be of high purity. _ often HPLC gnde.
apecbophotometric grade. 01' disdIIed &om an.p. appualUL Otba- faaon of
importance include COJt, YiJcosity. tozidty. boiling point, cowp Uk" UV II.
parency Cif a IN detector is wed), IU Cif an IU detector is wed)........ paaaure.
fIaIIb point, odOl'. inenn_ with leapect to Ample compounds, and ability to came
corrosion. Choices of sohenll and reapll cannot be made without careful COD

sideration of the dl'ect their presence can June on the entire HPLC I)IIeiD.

Sohenll and rcageull wed in the HPLC~ IICp and in sunpIe ....
radon procedures preceding HPLC mould not:

1) came degiadadon 01' unintended P"JC1ion of the .mIytcCI);

2) came the sohent deIhery .,.... to ma1func:don;

S) came daJMF to the maIytkaI column;

4) came cIamase to the detector; 01'

5) contribute noiJe or marKed or dea! Ird detector ie....AR for the
.mIytc.

POI HaW PiCJNes •

Many of the prnbIenM with~l;:: arIae 110 w .. of the pI;- _ of imp&
rides, addidu.... dust or other matter. 01' diwohed air. 'Min, lea of
80DJe apedfic potential problems with 80henll and relpll and ma ed ..
tiona follow.

Dejp I llee AnaIyta can be~,:t.sohenll andHl'IT* wed in the -
tJaction and cIean;t: of the 01' in the IICp ilIe1E AnaI,tc
chemiJtry is usuaDy in advance, and r geall likely to came degt..taricm
can be avoided. UIlI:llpeCted reaaion of the aiWyteCI) will usuaDy be~
auated by poor or no recovery of the compoundCI) througb the method, or by
detection of additional reaaion produc1Iin the~ 1ICp.

The presence of impuritiea in aohenll 01' rLlpll is oftal the came of such
maezpec:Ilfd reactions FOI'"'IDIp1e, lilICieJ of mdi11tlng .-11 in aohenll June
been found to degrade N-methyIaubImat pior to their deleamiaarion byHPLC.
Purity of an rcageull wed in ti'lKe level determinations IIbouId a1wa)s be K high
K posaible.

11. n .......,,,_---.....
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Dk ...e-. The presence of diIIolved s- in IOheDIB cmJIPOIIioK the m0
bile phase is a IJIl!ior ClIUlIe ofpnu:tkal problems In HPLC. Cal buhhIa cia coUect
in PUIDpI. the detector c:eII, or other loc:atiom in the HPLC.,-em. 'Ibis am lII£ect
the replodudbilily of the wlume deJivlm:d by the pump. or IaIF bubbks IDlIf
completely IItOp the pump from working. DeteCtion am be alreaed in Yarioua
ways. With the UV detector. air in the de1KlOr cell am ClIUlIe seriouIIy ina cd
detector noise or IUgh abIorbance. DiIIohed 0115fii am intelfere withde~
at short Wlne1engtbI. as OXigen abIorbs radiation at <200 nm. SohalIB InUIt be
-deg' ed,' a topic OOYeied in Section 605 B, Mobile Pbaae PrqJenIion.

D ,., tID Co' • HPLC columns are eaIiIy c!arnapd and hl......w: to repIa£ie.
Bases am remote the funetioaal groupe from bonded HPLC pbaam. Theaefore.
bases should not be used in anaIjses imoIving BPC unIea their Iemotal prior to
chromatography am be -.red. Bonded phases are UIUlIIIy ItIIbIe in the pH nnge
of appnwuwely 2-8.

~~and~am~ri_~or_the~

of the c:Olwnia ille1f. If tIUa happens. the pi!II ~R drop IICru. the riJmn tOr a
gifal flow will gradually ina ! iii c. and the riJmn IDlIf CftIUIIaDy be- i.lilt oom
pletdy blocked. Filt1ation of the Ample I01utioD and mobile phase to lemoR:
j>articles~ JIIII, and the 1IIe ofan appropriate prec:olumn and prd eoIunm. are
JeCt'mmended to protect the ana1ytkaI column. Partida c:5 JUIl IDlIf be of mD
cern with IOI1iJt columns and detec:ton.

Any mobile phase. apedIIIIy one containing _ter or metbanoI. am dIwohe Ii1k:a
gel in .mmodiMd and bonded IiIic:a gel colwnnl. A precolumn CODDining Ii1k:a
gel am be positioned between~ and injector to IatUiate the mobile pbaIe
with IiIic:a gelID that the ana1ytkaI column is not dIwohed.

Both precoIunms and prd c:oIumns are dill" cd In Section 60! Eo AnaIydcaI
Cohunn Protection.

The potential for damaae to the column by reaam" used in poH<01unm
deriYlldzatiOft ill un!lkdy Iiut not impcwoDIe It the Bow of the mobIIe pbaIe II
Itopped. poIIl-column reagen.. am dlIfuR bIIct. througb the riJmn dfJllent 01It0
the column. 'Ibis am JeIU1t in deterioration of the riJmn ...'jll'
D • tID DU I .. The potei1t1a1 tOr rEgent dam F varies with each dellee:ld.
Ita ItrIed abow:. the compi Mity ofdiIIolvedS-In IOheDIB am ClIUlIe bubbks
to apperr in the de1KlOr cell and inte1fen: with the anaIjrir. Tnca ofO1neu are
incompan"ble with eIectrochemicaI deteeton operatInt in the recIucdvie IIlllde;
OXigen can also ClIUlIe quenching In fIuore.:ence detecton, 1ndlug to reduced
rensitiYity. nee ing oflOheD.. ir mpDred. Porour ~E.:=--blc
detecton am ~ by the presence of JIIII1ides ~.2 pm. . of rot
~.. througb a 0.2% JUIl 6Iter ir errential when uring tIUa type of detector.

Sahad .....Idw. Many REgent gnde ROhalIB conlllin Iew:Ir of impwida that
IIIlIke than II_dIBble for 1IIe in HPLC. Sometimes the Impwliia are added
de1iberate1y by manufaauren as 8llrimridlQl", rtabIIben, or d_uing ......
For example. cb1oIotOnn UIUlIIIy conlllinr up to 1.0~ metbanoI or edumoI, and
teUahydrofuian may conDin butyIated 1lydnaytoIuene or hydroqnInone. There
impurities IDlIf ClIIIIe inaeaaed or deCH Piled detector rerponre or c:hanI'e the
mobile phase rtrength and!or relectivity.
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In lOme ClIIeI, incompatibility of • sohalt or reagent with the IIPLC .,--. am
be determined in adYanc:e and InOidecI.In the c:aIe ofUDkDowa impwitia, pr0b
lems will be recapiwd only during use of the cbemk,,); carcfuI hi; iptImt will
be needed to determine the cause of the problem. Eva; mic:roorpn..... in m.d
equately pnrified water am cause • high badglound IignaI in _ delIeCIlDn (_
Water, beIow). Wbeneva- pOllible, IIPLC grade IOhentB lIhouJd be .-I to~
pare mobile phalla. Spectral or pesticide grade IOhentB may not be adequately
pure for IIPLC use. SolvaltB should be adequately pnrified and taa:d before 1IIe.

w... Water is puobabIy the IIlOIt COJDIDOUI1y.-l sohalt in IIPLC hH... of its
role _ the~ sohalt in RP mobile phmes It is aIIo ODe of the
_ cIif6cult sohaltB to purity and maintain in the pure Itate. Purity of water iI
especially aitk:al in the detennination of trace residua, when delIeCIlDn lin:~
ated at high IeUlSitivity.

Purification of water:J djodDadon, even triple diatiDadon, iI in'l'tequate hH ...
wlatile and codiatiIL organia will not be nmlCHeCl. Bouuded RP coIum.. 1UilI
c:oIIect theIe impurities mer long term _, wIuldu am alter the puopeudei aCthe
column or IOIUIetima produce IJIUriouI peab. Water am be pnrified by ....1Ja.

don from potallium penuuun~'Z.,I': tbrouIEh II COlIne grained G-I8
bonded bale column that is •• regauee-a with acetoaituiIe, or by
means ~. commercial water purificatioa IJIIeIIl.

One widely.-lwaterpurificadoo .,.mu (MiIIipon: MIJB.Q) I'"HiF'. cIiodQrd waIII:r'
tbrougb • prefilter c:artridg1: to eliminate part!ndatn; then tbroup 1eqO_da1
c:artridga ofcban:oaI, ion eublQlge reIin, and 0rpneK-Q; and IInaIIy tbroup II

0.22 JIiII mter. The aaiYated c:ban:oaI c:anridae _ oupnic='.. that
can interfeue with ..-:nuKopk: detecton. The mDed bed ioo_
c:anridge(I) _ inorpnics IQId iom-l oupnia, _ -n_ imp1rities =A-ed
from the c:harcoaI; this n:mavaI is eaentlal for puoper operadoo of eI lUcile"'"
cal deu:e:torl. The Organell-Q. c:anridge eliminates 1lIIY ' ......in..... 0IJP"ia" in
addition to traeeII ofmaterial leached from the ion evbange eatnidge. 'Ihe final
0.22 JIiII mter re.-- microIcopic: JIIUI1icIelI and miuooIpllionw not eJimiuuated
by the JIIevioul cartridges. ThiI tiItradon step protKtB c:oJnmn fiits, mJumN, and
JIOlOUlI tJow.tbrough detec:ton from JIIUI1icIelI that could dog them. It aIIo mlni
mizes the JIOIIiblIity that microorpn..... will pow wd6rimdJ to came II ~
around detcc:tor sipaI. The quality of the feed _ iI iwpuCMlll and the • of
me pwifk:ation.,.mu iI extended if. leub.. ,_-...,--. is indudI:d Ldo en
the prefilter and carbon cartridges. ThiI .,.mu Iouuen the I.-e Jewel of 0IJP"ia,
inorpnia, and mic:roorpniImI.

Miaoorpniams such _ bKtala and aIpe nuuIriply r:apidIJ in _. ThadOre,
even when using water purified in the -.merjust deIc:ribed, it iI wiw: ID dIIcanI
all ranain..... water at the end of each week. The IIPLC .,--.lIhouJd be fIuIhed
with methanol to destrof 1lIIY mk:roorpnilml that blne entaed it dwing the
week. At the beginning of II new work week, the _ r_voir should be" ted
with methanol prior to mJing with newly purified water. Grouuth of mic:roougao
..... can aIIo be prevented by adding 0.()2lJ, iOCIiwn azide or acetonitrile (wbic:h
is present in IJlIIIIY RP mobile pbaIes) ID the _.

Purified water is best stored in c:arefuIIy c:IeaDed giaII contalnen. P1-kizcl'l
can leach inID water SIDled in pJastic containers, inteafeuing with RP I"'" or

Tc_.............. (1!MJ----
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CODtaminaring the column. Teaching of meTlIIa from II- exmlllinera is 11IIo a
poosihUity, but this is usuaJIy lela ofa problem than introduaion oforpnic impu
rides.

HPLC grade water can be purcbucod from a number of 00IIIQ*J;da1 _ 11dI
water can be used IUCCeIIfuIIy • received for moll lIppHcaticm,

The following purity chec:l can be used to tell water for appIkabiIity in HPLC:

• Pump 100 mL water through C18 column.

• With a UV detector in-line, nm a linear gradient from 0 to 100'1. metha
nol at 1 mL/min for 10 min and hold for 15 min.

• If the UV baseline shift at 0.08 AUFS is <10'1. and ftrY few peUs of~
5'1. full sc:ale deflectioD are obiiened, the water is pure .......... for moll
lIflPIicatiODl.

At...,It'1e. &ebmitriIe is 00III1IMlIIly used in RP HPLC mobile ph !I Manufilo.
turen' spedficadoDJ for HPLC JOheDt purily are usuaJIy1-ton aa:epcabilityfor
UV detecton. Specllic:atioDl for fluorescence and elec:troc:bemlca detecblJ, are
very diflintlt to define bece1_ of the complellity of iDltrumeDllI1 pmamea:n.

HIe lI'I Another of the IIIOIe COIDlDOllIOM:n1l empIa,ed in RP HPLC is metha
nol, which sufI'en from the IlIIDe inadequacy of~ • -.DtriIe.
Methanol_ the disadYan. ofprodudDg reIaIhelyviJcoul Jo1"ticmJ when milled
with water, giving rile to much higher preIIUIt:I than with other mobile fib-.

0I1uJ1 mI SuI.... Some chlorinated JOheDII are ......1ivd ap1DM ozidatioIIe
breakdown by addition of ..... lIIIIOUIlII of metbanoI or ethanol. Alc0hoi will
increase polarity of mobile phases and morten eIutioD limes in NP HPLC. AIJo,
reproducibility will be affected beauIe the cxmcentradon of JIlI1PIlFft will wry
Jli8htly from batch to batch.

Cblorinated JOheDII can be pun:haJed without JIlI1PIlFft. or the ....1izer em be
reaamed by adIOrplioD onto alumina, or by auac:tlcm with water folio "cd by
drying. UnmNlhed c:hlorinatod JOheDII may J10wIy dec""1pC!J(', prodnriDghydr0
chloric add, which degradeJ coh'mDI and corrodes mir' steeL 'Ihe rail: of
deco"'1-.itlcm may be acceIenatod by the presence ofother JOheDIL HJdroc:bIoric
acid CaD be reaamed by F In, the JOheDt through acdvaled IiIica or aJc:inm
carbonate chips. Sohenll em be ItIbiUzed with amyIeDe to atoid chae puNems

GiIIapie6IIIl. [4] nOfled probIemJ JUCh • ina tiled detector response and~
OnDon of equipment when ethyIeDe dicbIoride or methJlcDe c:hIoride _ used
in HPLC mobile phi !I The problems described weR utributed to a rearrion
between lOM:nt impurities and stainI_ steel upon pmJoaged CODlIICt.

..... Ethera c:oalllin addithes to NlIe them ....mat pesodcLe fonDation For
example, tetnhydrot\DaD is often 1iPd by addIticm ofsmall a_II of""
roquinone. 11dI compound ahJorbs UV radiadOD and 10 mreafaes with UV lib
~rption_ deteeticm. It em be .emowed by ctistIJIing the JOheDt fi'om potw'",,,
llJdrmdde pel1elI. IDhibitoI'free 1etiab)odrofiua JhOuJd be IlOIed in a diut. boule
and 8uJhcd with DitrogeD after each use. Any permddeJ that fonD mould be
periodicaDy removed by adsorption onto alumina

601-13
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Be70nd the concern ovoer damage to HPLC ifIleiiIi that can be auerd by r gm..
and sohal.., it is important to prorec:t the health of the ana1yIt. An _enell of
the tollidty of the chemicala in UR is _tiaI. Can _ be llIken to minbrriv
npoIAln to toxic chemicals. See Reference 5 for more 011 laboratory safety for
HPLC ana1ysis.
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Be.........

BJaDk wnp!cs should be analyzed to Meenaln that DO inred6eaKa from n gUdS
(or gJ ware)oa:ur~Rcaga1t bJaDb an are' iaDyiwpollaat when
using ncmspecific optical IUCh .. UV or RI cIetecton.

s.fetyPI"8'.'"

s...... ae-HM·.
ExtrKlB to be~by HPLC _ be cleaned up (i.... illled6ing ureau....
tiws~)~dy to pennit ideJlrifkaricm and quautimiOD of ..........
and to pnw:nt co»wninaricm or harm to any put of the HPLC .,.rem. The
column and/or detector may be impaired by injection of dirty-.ape'ially
when many llIIIlpIes an lIIIlI1yzed.

Cleanup procedures for trace residue determination by HPLC _ be dew:IafIed
to lICCOIDmOOate the selectivity of the detector. DiIIohed intel&:aences In the
IlaIIIple solntion that appear In the chromatop'llDl .. eJ[Q'll peab __ be Ie
m~ Any materiaII that will be IItrongly adsorbed by the c:oIumn __ alia be
~ to pnw:nt their affectinJ chrollllltOJP'*Phic c:haracreriIIia ofllle column
causing baseline drift, or appearmg .. apunous peab In IIIrer clJmmab'G'-

A recent innovation comhi_ cIeanup ofthe oampIe dlIIaet In-line willa the HPLC
determinative step [6]. A short COhJmD of sex rain npI_ the~loop In
a m1JOttHPLC iJgec:tion vahe, where itdli:aiwIyIei' • 1= the mWJre,~.'*
hJdrochIoride. from the dlIiaCL SohaIt flushing of the column wb1Ie the Ihon
column isltill oIRine (diIc:annecIed from the analyticalcohJmD5d ;up
and lIl1hItitutes for tnditional separatory funnel puUtioninp t lIWiILh-
ing of the YII1ge p1Bces the dean column in-line willa the anaIydcaI column
for eIutioD and determination.~ coupIed mJnmn ~ricm and other mnI
tidimemional wriatioDl [7] provide simple. rapid anaIJ* willa mIninJmD 80hent
UR.

s ••naidluu

Removal of particnIare matrer in lIle IlaIIIpIe soIndon II aitiauI for HPLC -bility.
Both mJnmn frl.. and the top of the column )18' ting can becooIe c:L aed by
particIea. leading to ina Elied bBdt )ll'mnn and ad_se efteaa 011 em-.
graphic raul.. to al" ofdeaeuc:d column d6dency. production oflplit peab,
lie.

At a miniDllDil, -mp!es should be r ~11 duongb a nvnmeldal dad!ln;don
apparatus, IUCh .. a ayringe and a 5 pm filter pad in a SuuImty adapter. before
injection. In residue deteimInation, Jl'i"'ng wnp!cs duongb 6Iren willa <1 pm

,...............1(t/IMJ----
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pores is~ If the detector In UlIe is of the porous fIoIMhroagh type. the
sample ouId be fibcred to I'eIDlMl partIcla >CU JUIL In addItlon, In-IIne fillaa
placed ahead of the column CIID be URd to pnwnt c:lotIKiDg of mhpnn frilL It
is important to c:JJIUI'e that the~ Is not lost on the liTteimedium, C'.II'" iaDy
for quantitaliw: determination. 'Ibis should be derennlned by anaIysiI of -mph
fortified with known cooantrationa.

Semple SoIweut D I ' •

Sample euncm should be prepared for iDjecdon using IOiw:nIS that hate beaI
deli .. ed In the same IJIlIIIJlel" • mobile phaIe lIOIvenlS <lee Sectloo 60!1 B. Mobile
PbaIe Preparadon). 'Ibis will reduce the poIIibiIity of problems when the sample
IOhent mien the detector ceIL The sample solution itself should not be cJes ~
because evaporation will change ilS concentration.

..,...,of"."'&I: al

Ideally. the sample should be cIiwcJhed In the mobile phaIe. 'Ibis pchJCft the .
of the IOhent peak. thereby aiding idenciflcation ofearly eluting oarnteJ'::b h
alIO awida sample preripi1ation on or before the column, which CIID In the
1011 of peaks for the aDalyzed sample lind appearance of unknown, JaDdomIy
eluting peaks In c:bromat.ognunI from .w-quent iDjectionI. 'Ibis c:ouId oexor. for
eumple, if the mobUe phase iI metbanoVwater and the sample iI cIiwolwld In
neat methanol beon_ of inIOlubility In the mobile phaIe. Ita a preca"tion afta'
using a different sample IOhent, the column should be flushed with a IbOIIg
IOhent that Is compalible with the column. followm by equiliInIioa with the
mobile phase before Injeclion of the neat sample. Ullrasonic: mbdng IIIlt)' aid in
dislIolving the sample in the mobDe phaIe or a similar II01ulion.

If the sample _ be plt:pIII'CCIln a BOhent dIfl'aaat from the mobile pbaIe, it
should be compah'ble with the mhpnn•• cbe • )lOIIible to the mobile pbaIe In
colDJlO8idon, lind of w krr elution ItreDgth if this iI Cl"" hlrn~ with lI01uNlity
requiremenlS. In addition to po-ib~lepm iJlilarion • deIc:ribed ahoIoe,
injecdon in a IlI'OJIF BOhent CIID cause tailing. Ifa IlI'OJIF BOhent _ be
used, the smallest p«W''ble lIOlume be Injected.

QJ1 F: IfJDLJoaSTAMJAJOS

General procM"1'eI for 1ItoI1IF.b.~~ ofriulons ofllllll1yd.
caliefeJence and'" for pesdcid~ ~ are ww:aed in Seclioa 105.
PreparaIion, 1ItoI1IF. and liability are dac:n'bed In greater detail in RJeaeoce 8.
The nalUre ofHPLC IIIlWs it the pn:.faied detennInalhe Itep for iiIlIiif ......bIe.
~. or easily degaaded pesticides For thiI reaIOD, the Ilabilityof the~ jPIe

in the lIOIvent URd to prepue andanll101utions requires panic:ular _don.

ConslcIeradons for the choice of a BOhent for prepuing ItoCk andard ri.limw
are the lIlIiiIe • for chooIinx a lIOIvent In which toinF~ (lee SeaiwJ 601
E). IfIlahllity permits, _diu-d solulionl should be ptepal' in the moh1e pbaIe
to be URd In the HPLC lIIIlI1yIIL HOWCKi. iiIlIiif pesdcid'" haw: limited ability
in "reaclhe-lOhenll, such • methanol or water. often URd for mobilc ph el For
eumple. the fimgidda thiopbanatMDethyl, captan, folpet, lind c:apcafol can be

601-15
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IItOIed iDdcfiDitely in benzene, acetone, 01" iIooo Ialle, but they qaictly dqpade in
metbanoVwater.

Altemativoely, stock IAIDdud IOlulioIlI can be~ in • 1eII reaahe I01wDt
with. fairly high wlatiJlty (6.g., acetone). Worti1om-.d8rd I01utIoaI can Ibm be
prepand by evapontion of the wlaDle I01wDt an .uq- and "Ubwqua>t
diIIolution in the HPLC moblJe pbaIe 01" ocher appopdale 101wDt.

8eIw:ne ill • good I01wDt for JIlOIt peqIdde ICandards, but • f01ddly maba •
use inadvisable. &ooctane and hexane diMohe JIlOIt OfPOOChlnrine pat'.....;cIet;
iIooclane', low wIatiJlty minjmi,... ewpontive '- during -lIlle, but also pre
duda lIS use in~ when: it II deairable to evaporate the originaIlO1wDt prior
to diDolutiOD in the mobile pbaIe. ChIorofonn is .-fuI for triazines, meth,k:ue
chloride or methanol for c:amamat .... acetone for benzimidarolc rdalJcd fimgi
ddea, and methanol for phenylurea heJbldclra

Becau... of JlOIIIbIe deterioration due to enporatioo and/OI" ~NIilJ, it..,. he
Deeea.JY to remaU stock IIaIIdard lIOIutionI fRquendy. J!ennw -.d8rd .....
ence materiaIa are often aupplled in limited quanliliea (<100 mg). use of ...
crobaIance II piddled for accurate -...ing oflow mg q..an~desofl'.'odud for
piqIBilIdon of stock 101utiona. Direct preparadon of dDute aulUIioaI in ibis way
can also reduce the Dumber of dDutiona required to make the wodang l'andml
IOlution.

'Iber IOIutioDa are preplll'ed at CODcenttatioDa ,,11tabIe to the cIebecIm iD __ and
the dj--eted JeveIa of peatiddea in aampIe euallClL QlucenbUioaa of_",
II!l!Ddard IOlutiona ahould doaely matdl m- in oampIe eua_ for the _
reliable compariloo of peak heighlS or _ FOI" gmeral acrcming pwpcm 01"

muItireaidue analyaiI, worting II1aDdard I01utiona can he made up • mixbu.. of
pearicidea resoIvab1e by the method.

StaNIlty of_d:ina _dud aoIutiona ahouId he CIOIIfinDcd by periodic • eM .eri
son aplnat newly prepared lOIutiona 01" frah dilutiona of lind. auIudaaa. Suli IS
.-d to prqIIIll: WIOIting IIaIIdard auIuIiona abould he COIIII!pflNe with the oampIe
sohent and the HPLC .,-m (pee Secdon 601 E) and mould he chected for
copwninanlS that could~ iDteifere wi!h the anaI,IiL

Stoll

Stod atandud lOIutions abould he IIfDred iD an e.j.............. refrIaoenlor at
Sf" C. Bemene IOIudoIl8 can freeze at !her ,empenmrea and ..,.CIlIli CIIiltaiD
era. Orpnoc:hIorine peatidde atod aoIutIona can he IItOIed for at te.t 6 JDOIltha
wi!hout deterioration. OrpnophOlPhorua and c:amamate auIUIioaI are 1eII1'abIe
and abould be dfac:arded U month. after pRpMItion. Some l'aDdud auIuIiona
degrade quickly and DiUIt be made freah at te.t daily.

P..sf&8IJC8S

[lJ GihJdiI, DX, and Waltera, s.M. (1990)} Asr8I:. OJ!. Aut. QIa 7S. 7~761
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6t:2 A: lD.1JM'ISfl H =101

Co1umD seIeaioD is not a ItrlIightforwlll'd procca The bat ....-m is to IeUdl
theIi_ for wod. published on a IepUlUion that is the AIDe .. or IimiIar to,
the one that needs to be acxompHshed. Many of the lefea_ in Sec:rioo 608
cfiacus columD aelec:tion techniques for different Amp!e Lypa. and IDOIl column
JDaDuflIcturen have published guidea and ie'"lmic:al data sh_ that wiU aid in
columD seIeaioD.
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p r'" AnlljU wi M8ruII Vol. I

The nature lIIId dimeDIIoDa mthe column peekinlr. togeIherwlth the _ m!he
mobile pbale, IarRdYdetermine the 1deuMt, and efIieiew:y m!he .epnIioa that
is aem-:d. HPLC cOlunms are peeked with small parddes (-0, 5-10 pm) __
ing a DlIJTOW sUe distribution (approximately ± 2O'Jl). The DIe mmicropartimJate
materlaIs requireI that the mobile phaIe be pumped tbrougb the column at hip
pressure. Columns can be prepared in the 1Bboratory, but mostllDllJyala pun:baR
commercial prepeeked, prerated c:olumDs.

An HPLC column II a higbJy dlideDt IDler, and aD)' p81tknJate _ or III"'"
retained impurity that is injected will remain on the top. To prneot detaioraIioa
of !he aIUIIJtic:al column, a guard column should be inIlaIIed Let" eD it lIIId the
injection device. The guard columD is dilc:arded or nopadred after a eenain Dum
ber of Ample injectiODL A AlW'lUion preco1umD lituated bebi: til the pump and
ugector device may be wed to eDIUn: equiJibrium between the biO~ in a
Jiquid-liqukl cbrollllllOlP'aPhY ayBteJD, or to pRVeDt diIIoIution of IiIica from an
unmodified or bonded Iilic:ia lIDlI1yIicaI co1umD. Although coIuama of dlllieaent
sizes have been wed, 25 em X SO mm id colunms peeked with 5 or 10 pm IIatioD
ary phaIe material have pnwided adequate aeparadoD in a HRM""'e time tOr
many applications.

A knowledge of the chemistry mthe Ample, often deteamiDed by IOIDe IimpIe wet
chemistry experimeDta, combined with a ',.muadc: uial ande~i is
probably the method UICd most often in column seIectioD. Ifthe wei&bt,
~ of solubility, and moIeculsr or ioak: IItrUCiiU'e of the maIyte are blown, •
mode of lIe)l8i'alioD can be seJected as disa s:d)ll'eViollsly (see f1pn: 001<). 'lbe
iD08l appropriate column tOr that mode is then-chOlleD, t.cd on the aperieuce
of the IIIIlI!yst, columu JDaD'Ifacturen' recommendaticms, or a IeUdl ofibe Ji.....
ture.

Faams impor1ant in producing effidcm~ coIumDs include iIUl'OW partide sUe
distribution in the pac:lIng and miDimsl dead wlume in the tubiDg, 6tiiDp, cells,
and other compoDeDt8 of the HPLC iDatrument.

MOil peebd colunms are made from ndrless steeL 10 addItioa, ........bidp
co1uDms are common and radia1 comptaSion coIumDs piepared from healy waD
poI,ethylene e:at1l'idsa are available. The latter coIumDs are ndilIIIy c:ompreved
in a hydJauIic press duriD.~ to minjmbe wid~ and wah effects and
thereby iDaease column eIIicienc:y.

11••_ .... 114-1 (11941___lIIIll2I
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SECTION 602

Uqaid-SoId a..-w.......,
UDlil_...:r;::1e me blId been made Clfllquldeolld cbroma'''i9l1pb:y (UIC) ..
pesticide • Now. howeia. a column ofporoua pphilk: c:arboD, a IIOIIpOIar
kP adsorbent. has been succenfully.djlied to the detenniDalioD of
ethyienethiourea (E'll1) using a strongly mobile pbaIe [1]. Such columna
ofl'er lIIabiIity fOl" appIicaIioDa requiring pH exu_ mel are COI"J"'o:mmtary to
riJka.based columna.

Moat lIDal,tlcaI HPLC .,-ems _ JtP c:hromatopaphy on aIIi-.t. II Cl8 or C8
bonded phmea OIhel'lP bonded p1Ctinp inclUde ahoae havioc CI. CI, e-t. e
12. cyano. phenyl, dioJ, 01"~ puuJII- In JtP mode.the~II
hychuphobic mel nonpoIu. mel mobile pbMa are re1aIPIdy polar ( _
with methanol or aeeumitrile). Nonpolar ample componena are III'OIIIdY re
tained, and~Denaare le8 maInecL Bonded coIumDa are liable"mel
reproducible 10 Donbonded columna with phyIlcalIy adIoItJed cwdnp
wbich they have almost completely repJaced The JDl!ior JimitaIion is the __
pH range for column stability.

Moll Cl)ftIJM"idlDy _DaNe beaded ph-. are 01 the IiloDne typei SiO&Il
They are prepared by reacting surface ailaDol groups on alIica with an
orpnochJorosllane f&8U1l, the orpnic ponion 01 wbich II the IIIIlIiet.y to be
bonded (oct)'I. oaadeqJ. phenyl,~ qanoptopyJ, *-). Pw \Ii. can be
pn:pami, for eDlDpJe. by UIing mono-. di-. or tric:hIoroorJa' 10 paodute
produca ha9ing difl"uent c:hroDuuopaphic properdeL Monoch...OOi\p"............
ract with silica to forro a lIIODOIDOlecular laF 01 bonded orpnic gtoupa. Di- 01"

trichk.iOOlp"OP1anCS ract with alJica In the plelIeDCIC 01a prolic r gent to form
a linear or c:ra.Iinked poIymeric laF. the IIUUCIUla mel plopeatiea olwbich _
not ..wen de&ned as with IDOnomeric ph-. Polyma' 00Dded ph I have poonr
_ traIII£er c:banIaeriaIics buthigherJoadaNlky. Some 01the AI • & lIIII'aClIeCI
lIilanola on the alJica IUI'face after the primary beDding reaMion mar be u:mowed
by eDckac:EE::!:.;:uch inwlw:s reaction with a Ieaa buJIty reagent such u
uimetbyl . e.

Tie ? .....,ftlM_ RIl_1llIlIIII
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MOIIt <If the curn:nt bonded RP co1umDI hue 5 JUIlIPbedalIillc:a _ the t.e
materiaL Pore size ranges &om~ nm, with 86-120 om _ COIlllllOll.
To increllle the range of pH ItlIbIIity, bonded columna baviDg po~e
divinylbeozene (DVB) polymer as the bue material haw: been cieft:fopect.
Another approach is a bale material compoeed of Mamina coated with a
polybotadiene polymer Jarerto proteCt the bonded IIWface from aaack by bJdrux
ide: Scability up to pH 15 is~ for lAICh co1umDl ......... aIumiDa is Mable at
this pH.

Shott chain ph_es lAICh .. G-2 lIIld C4 are 1.-1 to reduce bJdropbobic inleJllc
Dona in IepUaIiDg hlgh molecular wapt aoalytes. lOCh .. proceiDs lIIld peptides.
Cyanopropylp~ can be 1.-1 in NP work by seJecthe intmJetion. with the
cyaoo functional group or • a Ibort chain RP material for ICpUlIIiOII of polar
aoaIyta. Diol pbau•• whOle ItI'IICQJreI iIl'Iohoe two h)chOltt group _ -g.. lit
carbon atoDII in an aIipbadc chaiD, are te. polar thaD IiIIc:a lIIld are 1.-1 in both
NP lIIld RP cbrom.atelRJ'llPhy. Phenyl pba,es are prefIlII'ed by the reaai_ of
dimethylpbeoylcblorosilaoe with Iilica JICl They are n-roJar and hue Y'"!"
affinity for aromatic compounda. Cydo"haylp~ have IIdecdvity for aIiqdlc
compouOOI compared to lUaigbt chain compounda. Some RP co1umDI are '
deactivated to optimirA: oepouadon of baIic compounds without laiIiDg 01" need fur
mobile phMe modifien for ion pIIiring or Ion~.

The determInathe IIep of Sections 401. 405, and 4Of, memodl for N-medltl
carbuna"". IUbIli1uted meal, and benzjmjdalO1es, iCiIJb lively. provide e.all.......

of applications <Ifbonded RP HPLC to JX8IIdde rCIlchie analyBiI.

loa· ....

Four types of micropanicuIate p;dlnp are _!!able for hIP pcrformma: ion
......hange c:hromatograpby (JEC). PoIyii:,.ene-DVB polymeric ael n:Iin pmtIdes of
&-10 JUIl diameter suhItituted wIIh lonogenic groupI _ die eartiest of ihae
packinp The amount of DVB added for the polymerizalion raaioD determioeI
me degree of CI'ODllil\ing and. hence, the pore struaure. 1leaina with <.6'-' DVB
are DOt pre8Ure IIah1e and cannot be COIIIIiIered HPLC pzcJrinp Slow cIifIipjap
of anaIyta within the polymer matrix and the resulting poor efIIcimq led to
dew:Iopment of peDicular ion exchange materiaJI, OCT • dllg of a .- COR, an
intermediate ......iiDg of silica, and an outer ion exchaDga' polymer film. n
Illllk:riaJlIUIfer from low dlidenq due to their reJaiheIy large panicle me aod
low ADIpic cap8dty.

SiIiaHIMcd ion nchange padiDp are prepued in a manner IimiIar 10 other
bonded ph Controlled poroIity gIaIi column pzc!rinp with anacbed bydro
pbilic polymeric groupI can be uied for high Ipeed IIql2iMiona of large ionic
moleaiJes mch .. prordna aod nucleic lICida.

VInuaIly an COIDIDCl'dal ion nchangwlllllltllriall amlllin .dfunaw (1troIiI caIioa
nchange), carlJoxyIaw (weak calion ncbaDF). ietnal\yla~ion (1fi"OIII
anion exchange). or an amine (wal anion exchange) function•• poup. The
cap8dty <Ifexchan..... is a function of the pH ofme mobile pbaIe. FuD nchange
capacity iI eshibiied by dif(erent eJlchangen at the foIlowinIt pH m.-: lIfI?DC
cadoD, above !; wal caIioD, above 8; IiroDg anion, below l; lIIld weak -.
below 6. The wide exchange range of IttOIIg=:e:ma\a them _-'d
for genenl analytical WllI'k. The pH of the IIioblle CIOiitroll reieDlioo by iiB
effect on the ionic nature ofbolh the ample and eJlChaDF sites.

T.......... 94-11118111Falm__1IVlI!I
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IEC Iw been app6ed to detamiDadon of J"C'Iidua of fOrmetanaIe hydrochlo
ride [2]. A strong cation nc"anp m«banlom II used b che c:hrvnmb'19aphy of
tbia ionic n:sIdue.

RP ion pm c:hrvJll8lOlll'llPhy II an lIIternadve 10 me. k • an ntemIon of ion:fPb IlIicn cbrollllltOlP'aPhv, in which weal acidI or billa are lIepBIlIIed on an
bonded column bY addition of a pH DlCldIfIer to the mobile phase 10 __

that ana1ytca are in theJr undJeocj.rrcf fonDs.

In ionpair~.a charpd otpDic: c.....-..HI. added 10 Ihc mobile
phase to form a neuuallon pair with an lIIIlIIpte ofoppnoilC· c:haIp.F«~.
an aIlyIsuIfonate can be added 10 cationic IlIDlpIa and tctrahutyIa-IUmpb._ 10 anionk Inlwgncel. Ion pair c:Ilromafutp'ap II ouItabIe b .....
ing Illiztures of anioDl, cadoDI, and neutral pdJetmces; the pH of che mobile
phase wiD supple. the ionk chuactft" of ODe of me tJPCI of ioDI, wbiIr: the:
counter ion wiD react with me other type to form ion ~. For C'lIImple.
tctrablttylammonium pb••tc buffered to pH 7.5 can form lOB pUs with ItroDg
and weak adda, and the bufFcring Pappi 11m weak~ iona. Ampbotcric mol
cculea can be c:hromatographed with eiTher quatemu)' anlinc or IllIfonatc counter
ions at an lppIOpIiatc pH value.

~::r.:n(::-=~~>=~are~~~-:e~;;:
conccntradon. The longer the alkyl chain length. !he greater are k --.....
don tima can also be I<ljUIled by chanainlr 1hc c:ompoIitioJl of the: IllIOOQc JII-.
which II UPJaIIy a mimJrc of_ widi either methanol or acetoniIriIe.

~ ammonium sallI in .)b!)ne medium are c!amaIi"l to IiIica F1.~
UJDDI should ncvel' be stored in PlCh IOIutionL A pn:coIumn placed in ftoat oflhc
iJUcctor. 10 lIlIlUrlItc the mobiIc phase with IiIica ge1, • h;pIy ••conH'MiiwIN:I In
these IJIICDiL

An cumpIc of pestk'.-Je dctemJinatioo usinJ ioD pair c:hnmw•••apby (on a
bonded phase) is the detenDin.don of benrinQdaJc J"C'Iidua (Scaion 4Of). In
addition. two methods b dctandning raiducs of 1**..... and cIiqaIl_ the:
ion pair mechanism, one with a polymeric (PRP-I) coIuDm [5], and che aecoad
wim a IiIica column using NP mode chroJnatllIntph [4].

SlIeR"....

ScpanItions in the _ CKcbllion (SEC) modc are baled on IJ""knjllr _ and arc
CODuoUed by !he pore siu: of the packinJt ma'eriaL Panide sizes in 1hc 5-10 pm
range are used to pnmdc good coIinnn dlicicncy. Padinp for SEC include IICJId.
rigid organic geIs. pol'Olll si1ica, and conU'OUed pore F •

The JD9x' me of SEC in peJlicidc detcnninadon is for c:Icanup of P'Il!tues en
fiItty IImp1es by::t==tion chromatotJnlphy. rather than .. a cIctaminaIiR
step. The -. ;;Jring for this purJlOIC Iw been 1tJiene-DVB wpoIymcr
PlCh II Bio-Be.dt SOXS (Section S04 CS. Seaion 4(2). The Bio-B: dt SoX ICrics
offen csdution IimiD en- ~l4,OOOmoIccuIar weight; SOXS Iw a 2000 f:Sdo.
lion limit. The CK1uIion &mit II dcicrmined by 1hc amount ofDVB a"""'fuJIring
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~ tenDllIllIIt be m ,red In Older 10 aJmme the puameten ofa c:uIwnn.
FIgure 602. provideB a viBuaI iCplaeuwion of these tenDB:

The time from Injeaioa 10 the peat ml*jlliWD II known. the aetendoo time. t,
The releulioD time COIlIiIrB of two )lIlI'lI. ... and t'.. t" II the lime from btjecIion 10
emeigt:n.:e of the IOheut front, which iiIlty be IlOlird • a smaIllbift or diBlwhaooe
In the hr,);ne or a IOheut peat If the IIiiIp!e IOheut II dl8ieieut from the moIJiJe
phase and is sensed by the detector. t'r. the lIIljUBted _don time. equals ....
minUl .... t'rieptaeull the time that the analyte II retained In the ItlIdonaty phase.

At II the time bet"cen the pmlilld of two peaks, and W II the peat width detet>
mined between the InteneetionB of tangents drawn on the sider of the peab with
the baBeJIne. An of these time wJues am be m LII'ed In mm cIIn:cily OIl the

........
«>Ie:' 11 w. riI DDIumn P&i fa Ii__ PM Wi •

An HPLC column can be evaluated bymeasuring c:er1IIin performance c:barw:Iea:..
da or parameters, many ofwbic:h am be vis"pJiTed or mCln'ftd on the chr0mato
grams produced by the column. Column efficiency and peat IJIDIDdIYJdect the
quality of the column, whereas the capadty factor and selec::livity Indicate ill
capability 10 retain and separlIfe c:ompoundBofIn-.

of the geI,.-n. by the degree oflllirDtog that am occur In dl8ieieulllOheua.
Muimum npansioD of the gel oc:cun In reladgely nonpolar IOheua.=
IOlvents used Include benzene. IoJuene. ll)'Iene. c:arbou teirachloride. _
chloride. and mistura such • methylene chIoride/heane. The Dmp!e Ibould
not Interact with the ItaIionary phase In any way, "g., by adsorption. SaUoDary
phase with a smaller panicle size wiD provide greater peat capacity. and beaer
and faster separations.
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The capacity factor. k, m!& ,.... retmtlon c{m malJIe by the column ill~c{
column wIumeI. It ill affected by the~poIuity) C{Ihe m0b01e JIb-
and the IImIgtb (retmlivity) c{ the cohmm " A k value c{ 2-10 fOI" the
mOlt relained component ill peraDy for good raoIuIioDt but may be
higher for difficult sepuaUons.

SeIeclivity ill a thermodynamic factor that mellUreI the IIbiIi1y c{ a putic:uIIIr
column/mobile pbale comNnarion to provide difli::rent diIlIibutIon mDIboDa fOI"
two IAJlwanen. thereby onJling a dIlferent degree c{ retmtlon fOI" the two ...
_en. .. iDdkated by the meparacioD c{ their peak nunrima It illlIJIIlbc"'iP'd bya
and calcu1ated .. the ratio of t' vaIueI or k wIues for two peab, with the ....
value placed ill the numerator.~ ill affected by the chemiItryc{ the entire
SJIlCID, iDcluding the fuDc:tioaaIity c{ the IBmpIe compooena.

Efficiency ill a kinetic factor that intficareI the ability c{ the column/mobile JIb
combination to produce narrow peab. F.fRciency ill depeDdent GIl ,..ticIe -.
column dimensio... and packing lcdmique. It ill dctcnniDed by the Dumber c{
theotetical plata. n. and height equivalent to a theomical pilule. HE'l1'.

ReIolutioD II the ability c{ the column/mobile pUle combination to RJIU- the
peab n:presmdDg two 1Ubltanca. It II a fimetioll c{ effiriencT. 1decdvIty. and
retenlion and ill impuJied by ina '''I the ICplII1IlioD c{ the peab (ldeaioitt)
and/or by decrealiDg their width (iIlcreaaiDg dlidency). RaolutIon IhoaId be >1
to minimize error in quand~ aua1ydI. A retmtlon. k. c{ 2-10 ill -.ally _
lA·med

. Peak -tlDDliilUf dCllCribel the Ihape of a chromatopapbic: peak. n-.y I 'D
a IJIIIIIIClIic:a c..,.aian Ibape fOI" peab. but .,mmeay CUI be ...-.1 by _
column effectI, poorly paekd coluInDI. deterioradoD of peeting.~
be-.a analyte and packing. *' The peak 88fIIUDCUY faaor ill the ndo, at 1
peak height, of the diltmce betA eEn the peak apez and the bKk Iide c{ the
c:hrot'..... '8fiIPhic CIInIe to the dillance between the peak apez and the Croot Iide
of the chromatopapbic: c:une. A WIIue of1 iDdkateI a IjiiiiilClricaI peak, a value
>1 II a taIJiDg peak, and a value <1 ill a frondDg peak.

HIgher elBc:ieDcy. which JeadI to Iharper peab. it achicged by...mh· • with
-n. unifonn, tiptly paekd putides and optimized column 80lr IaICL HJgb
ldeaivity. which ill manifeIted byweD~ peak ....+jij. ill inftuenced-IJ
by the nature of the catioo.wy and mobile phala.
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Packing material

• particle type: me. shape. pore me
• bonded sumce type: functionality. mono 01' polymeric

• sumce wveaage: ('K> concentration 01' J1moIa/mI)

• additional siJyIalion

Column dimenoiona

[Requires that the -IJIWDbe definedbyapet:H1lngmobiJepbalelOlgeDtlllld
f1owrate. _solution compounds, IIIIdsohoenL Cwacterisda_be reI8Ied
to peak(s) that _ used to mIF 're each.]

• Minimum theoretic:al pIara, n

• ItaoludOll••

• Sdec:tivity. Cl

• C-apaeity faaor. k

• Asymmetry.AI

At a minimum, a new IIIIa1ytical column mould be cbeaed for efRciavy by c:lIb
IaIiDg and Jeconting the number of theoretical p1ara using an appopialle _
solution. 'IbilI value Is compared with the manufacturer's spedflcariom and used
in later column quality control ewIualions.

Expected minimum dlidency values are mCMll in Table 6OJ.b. In poeraI. em.
ciency (p1ara per meter) dea t ues with IaJFr 01' _ unIfunn .. column .-=Jr.
ing, lower rempenuure. ina tat d e:w:b-..lumn wlume in the .,....... IIIId IarJ'er
samples. FJlic:iency impruve8 when k = <2 unless e:w:tra<olumn eft'ecta are~
nanL

~w:e~~~~~t;e~
mendatiom are useful ..a guideline for comparing aDddd1"=.. but the
specifkaMm themIe1ws are no longer~ bec:aue of t improve
ments in HPLC column teclmology. Other protoWIs for column testing and ewaJu.
alion have been suggated. Fill' e:w:ampIe. Poole and Schuette [6] ckKribed _
conditions and specificalions fOr a 16 pm C18 RP column using a mmure of
resorcinol, naphthalene. and antbnlcene and a UV defeCtor.

Commerc:iaI boaded 8iIica RP wlumns from dllfeJent IIIIIIIUfactura are notequiva
lent, and informatiOll OIl the degree of hydroc:arbon UJV'eI1IF in a column is not
usually provided. In addidon. the free (UIlI'ellCted) 8Ilanol sites vary -r
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TBbIe BCJ2:b: Mnintm Efficiency V8Uls
{in that Ids d theui etiaJJ,.,.,.. tnBIlrJ.........

{'.oI!pe1)pe lOpm 5pm 5pm

poroDl RP bonded 12-10 55040 80-100

porous lilica gel
adsorbent 24 to

porous ion
ncbangas lOrIS

semirigid orpnic
sbre ndusioIl gelll ~12

cohmms IIIId 1IIlI»....... tUieJ.. and thele can hlne i'ip!fican! e8'eaII OIl cbem
topaphy of polar analytea. A tat ICheme deftIoped fw d ',.,Iug lIDd ..... lbe
cIs 'bOnded cohmms _ used to c:IaIIify 12 brands of cohmms into tbn:e
Ilil!lor gt'OUJlII baed on a hydrophobicity index. free lilanol index. and column
eflic:iency [7].

B02 E: ANALY7DIL aJL.l.JIt!W PHJleciDII

HPLC analytical columna are hlcnslve lIDd subject to daJnlI&e cIuring we. 'The
following items IDUIt be used to protect the column and proJoog its UIdW life:

FIIbn

A JW!Ior ClIUIe of column deterioration lIDd dan w: II the hriJdnp of paalimWr
lIDd chemical coDtaminarion at the head al the cohimn. 1biI can lead to Ir.u ,f
bad pr£. ire IIIId anomalous c:b:romatogJaph rauI1I. Particle buildup is IIIim
mized by proper filtaing of mobile phaIe 101veD.. (lee Seaioa 605 Ii) and by
c:hooIIing a IIUIipIe IOIteDt that wiD not ClIUIe precipitation (Seaioa 601 E). In
addition. in-line column filten help to eJjmjnate pammhile impurities.

Cohmms nOl1liliBy contain mJn'_ lied inlet IIIId outlet 8Ifcn or fitIs to retlIin
the column pKkIng. The pore _ al the frit _ be ........ than Ihe putide
diameter althe packing. ..g.. a 2 pm frit for 5 pm pac!dnB. Frils are either inaJrpo:
rated into the ends of the column i!W'1f or made an intqpa1 put allhe ooI"",n
end fittingJ.

Periodic: cleaning al end 6111". and fri1a in an uIu.onic .... in a ....... IlICh
• 6 M ni1ric add is recommended, apedaJIy wilen column bad 1* Ire iD
aE. ! Before iemoving column end fiuinp, the maam&c1urer'11kaalure Ihould
be read carefuDy for procedural inItnJctiona or nodfkadoo alany _ al-.anty
if the cohmm is tUm aput. Some companies~ end fiainRs OIlto cbe co1umn
with eposy and do not guatanlee the column if the~ II brolm.

, ••'........t(11811----
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Chromatography couipUia UIUa1ly IUJIPly a booklet cICIIc:rihing rec '-liiiwuMd
care and UIC of their coIumna. TopiCI covered lypkaIly incJude column deiuip
doD; direc:tiona for inidallntpecdon, connecdon, eqnilihration, opaatioD, rep
CIaIion. rqJ8ir. and ItOl'lIIF: mobile phase requiJements; and Infonnation about
IOhent purification. protector columna, and replacement of frilL Any IUcb 1itera
ture abould be read cardUlly and the SUfFIliona followed • c:1oIeIy • p08'''hle
The fullowing items dacrihe roudne handling and maintenance:

• Do Dotjar. drop. orvibnte coIumnL

• r- sohaIt throuP the column In the dbection Ip«'dfied by the manu
facturer. Ifa flow direction is jndicated. opCIalion in the ClfiPC"Iite din:c
don may diIIturb the pocking and reduce column efIidenc:Y.

A guard column is inIerted between the injector and analydcal column to 1*-"
the latter from damage or 108 of efIidency due to the paence of putknJate
matter or strongly adIOrbed impurities from analytkal.....p!a It can a1Io _ •
a saturator column to prewalt diIBoludon of the ltariouary phase. in addidoD to.
or instead or, a prec:olumn • deIcribed above. The UIC of a guard column is
espedaDy important when injecting reJatheJy aude sample exu_ or biological
fluida.

The tams "precoIumn- and -guard column- _ often wed intenin"l[ Ny. but
the two lJPes of columna _ different and _ IepUlUe priDwy Iimc:doDa
Precolumns are po8itioned in the HPLC system prior to the IlIIIIpIe injector. 1beir
purpoee is to _ the mobile phase with IUic:a 10 that the IiIic:a ClI' bonded
siJica auaIyticaI column packing is not diIBohoed during UIC. Preco1umns paeJred
with in~. coarse IiIica _ IUiIahle for this mobile phMe c:onditioning
functioD.

The UIC ofa c:ommen:iaI fWd column bavlng the lame partIc:le diameter p* lj"'l
• the analytkal column, m ctmJhin-don with low dead volume fiainp lIIid abon
lengths of connection tubing, abould CllUlIC _dally no _In dJ!c:iency. Guard
columna con!Rlning 5 or 10 JIDl putic:la can be purcbaaed in ther.c.;:~
disposable eutridga (often 2 an). They _ be~ if In the
laboratory. When a grater _ ofefficiency is not . guard c:oIwnns COIImin.
ing laIJF panicle (20-4.0 JIIll) miaoporous or pelBc:uIlIrJ::.!dnp can be dJ}'"
packed In the JahonItory using the lap and fiB method, but pellicular pocklnp
do Dot provide as much paoteclion beon_ of their lower IIUIface area.

GuanI columna _abon (2-6 an) ,tl...."Ible coh!II!N COIItaining the __ pack
ing • the analytkal coh1mn. The KUrd column _ be chmged fnlqueady••
dictated by the contamlnaricm Ievefof the samples, to emure that the lifetinie of
the analytkal column, which abould be several huncIrM houn nroning dme. II
not Ihonened.
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602-10

• When IllIniDg up the HPLC IJIteID, gnduaIly iDaaIe mJnmn Bow ..
and prasure to awid prUI1Ue mock and fonnarion ofvoids in the.-m
ing.

• Operate the c:01umn at a _t temperature UIing a column __ If

~~~~~~~-:
cienc:y and reduces openuug pn:.ure by lowering IOheat vilIaJIitT. H_
ever. thermal expaDlion of the c:ohmm wall can lead to Pnklng or c:baa
nellng of the cofumnY.!"ting and Ie. of efIidenc:y. Do not operaIe aDa
lytic:al columns at >60 C.

• ADow the c:01umn to equiJibme with the moN!e phaIe, • bvljc:wed by a
lII3bJe detector basdine,=:1" liug empJe Be IIUI'e that J.a. pre.
lIUI'e ill aa:eplabIe for the flow ..-.

• Cleek fittinp YisuaJly and by feel to be lIUI'e ther'e are no mobile P
Ieab. Leab too IIDlIll to lee may be detected by the coo1DeII offittinp III
thetoueh.

• PaniroJ'te matter can beovne caught in the Inlet frit, ClIIIIing bJ&b J.a.
Pleasure. RqJJace the &it III return the c:ohmm III the Jowat ....."bJe
~g prasure. AJtenwively. dean the &it by A bing wltb diIale
muic acid in an u1l1'a1ODic: b8tb, dry. and replace. Never reIDIJIIIt the
bottom &it fivm the column. Vile a precoIumn lIlter III lI'IOid the need III
change the inlet &it and pe-!bIy diIbJrb the columa packing. FIlter
umples that may contain purindarr IDIUa' to P:CiCLl con..mjg";'.. of
the sample vahe or columa Inlet &it. A com"'" n:ial cJarificarion lit that
attaeba to a syringe ilia c:omenieDt way to filter ........

• Do not overdghten column end fiUlnp, or.m-ls may be 1IIipped, au.
ingaleak.

• FJuIb the columa with a sm-t 1IICJ11115 than the moN!e P- at the
end of the clay Ifdirty lalllplea were iJgectecL

• Label columns with complete InfomI8rion OIl their~iden~
tory and conditions ofUlle. and reg oeration and IlDnFlOhenlL a
log notebook for each column fivm time of iMalhrion

• Do not ..m,ject columns to operating conditions that may cIcIII.., their
SUUCIIIre; be awn: of the appropriate IOhenl:l and c:oadi!io.... that are
compab"b1e with the panicuIlir~colUmn.

J:qject a tell miuure to evaluate efIIdency. sdectivity. 1. peak Ibape...........dIur
III the Iaboratory'l inIIIument quality -.uance requlraDenl:l <lee SectiOII8O! C).
ChOOle the tell miuure aa:ordlng to the pwpoee of the IeIt:
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Col. •sew.,
When DO longer in me. co1umnl should be equilibnted with an appopiall:
Itorage lIOhent, disconnected from the HPLC .,.rem. and the ends capped _
cureIy for Itorage.

p(
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• To c:oJIIIIIIn: a chromatogram to the one P."l!led with a pelwkrd
co1umn by the maDlIWtnn:r. UR the IlIJDC compounds and c:oadidoaa
specified by the mlllmwlUrer for comparable resu1lL

• If an mbouse test millIure for co1umn U. ilffil is needzd,pepaae it
10 conllliD the fon-ing types of cOlJlponenlS:

I) an unrellliDed (but DOl escluded) component for .1. ilffi~ of the
wlume between the panicles and in the para;

2) a minimally rellIiDed component (k. about 0.2) III _ ame...
ening ClII.... mainly by the iJYector. co1umn, and detector........_
the peak 1IOlume of tbia component wiD be IID8II, it wiD be a aitic:aI
test of the etfect of theae IJIteID componenll on performance;

3) a IIlOdemteIy rellIiDed component (k • I~);

4) a weD rellIiDed component (k = 7-20). ThiI compoaent is 6plio_
hrcu_ mile broadening wiD DOl be obvious bH a i - of the Jarae
peak wlumc; and

5) a totally t:l[duded component for determination of column wid _
ume.

Butfe.r lIOlutions and IJa10Ien I8llI can C8IiIy dam II'" column paetinp and ataiD
1eaI1teel columDl. ColumnI should be flulhed with _ after the _ ofbuIfas
and should newoel' be ItOred in such a IOlution. LSC c:ohDDD' are beat ItOred in a
dry organic lIOhent; RP c:01umnI in methanol, acetoDiuile. or a_/~
or water/methanol millIure <me ofwaterfree organic IOhent reduces IIiJica cfiIIo.
lution); IEC c:oIumna in a compatlb!e IOhent with the aame icm • the fOnn of the
ezchmger; and SEC COhm'lll in a IOhalt compadbIe with the Iii lJI.fLi*opertirs
of the packing. ColumnI are not normally Itored UDder pr_e. 'en'lM'ra
lUre and humidity of the Itorage area should be moderate and COI"PlCOt.

001.

Co1umnl should not be operated with ezcewioIe pre.lin: • tbia can crealI: a wid
at the column head, I'Clulting in a "cf:ificant loa of efIL~The _ of
increued had pressure should be etermined and Ilea- n 10 remedy
the situalicm. Piellure buildup due III partirolatel can IOIDClimea be reIieftld by
had f1uIbina" the column or changing the frit at the head of the coillum, The
simplest method of iemoving Ili'OIIgly rellIiDed material .19 bing with a IOhent
I1rOnFr than the mobile phale. Ifan_appropriate guanl co1umn iI in _. n;ju_
nation of the IJIteID should be JIOIIlble in _ C8ICI by merely replacing the
guanl c:oIumn.
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P , '1M AnII; , '4 MBruII Yd, I

A wid at the bead of the oolumn am be oIwaoed after lemoviug 1be iDIet fiaiDg,
Voids can be fiJIed with either P beads or the _ 01' IimillIr pwting •
origiDally in the ooJumn.

F1uabing with pure organic IOhenIl IUd1 • methanoL tr:trahychufwan. c:bJam,
funD, or acetoDitrile is uad'ul for repnenuing~phase CXl!mmw When
using any Ieria of-ties. the order of IOhenIl be __ to IUOIIlJ (ilOIIJIO'
Iar to polar for NP. and polar to DOilpoiar for RP). with CXJUidendioo oC mnmaJ

soIobility at each ..' Basic ~liea IDII)' be ~ed out with 1~'"..
phosphoric or acetic: lIdd and acidic impurities with 1~'" IlIJueouI PJlidiae. Bi0
logical materials and flua are reJIIOVed from RP oolumDa by lXbinlr with iIk'tbJI'
me chloride and making -m 0.2-1 mL iDjecIionI ofdlweth~dmiug
e1udoIl. 'I)picalIy. 75 mL of each WBIh aoItmt is used at a t10w IlIIe of0.5-5 mL/
min. Ifwashing does not I'eIIlOlIe adaorbed Impuriliea from me top oC dae cohmm
bed, the uppe!". coPtamin-ted .... of packing m_ be Ir:mmed with a ......'"
(exercising peat care to avoid scratcbing dae intemal column wall). and the c0l
umn repacked as desaibed abow: fur Ihe ClIIe ofa wid.

In aD aBel, me last -ti in the regeneration proceIIlIhouId be with a __t chat
is mjvlbJe wilh me mobDe phase. and dae column IIhouId be flnaDy re-equiIihnIed
with the mobDe phase, After regeneration (or between hing .... 10 c:hcdr.
propaa). a tat mixture should be c:hromaropaphed to -..- plate number.
t, and peak shape, Rqeneralion and return 10 equilibrium with dae moNJe phase
caD also be monitored bv keeping me column COIIIIC:Cted to dae defeclDr and
obsemng bu line drift. This s1iouId not be done if eluted impurides might COIl
wnin-te the detector ceD,

[lJ KrauR, itT. (1989) J. Lif. QiL .,.", It,16!lS-I644

[2J N"........nn. RA. (19911)]. AQACltJI. "'.1362-1!68

[5J Worobey. B.L (198'1) PaIic. &L18. 2~!57

[4J CbkbUa, T.N..andWalten,5.M. (1991)]. ....... OJf.AlI& a-. 'H,961~

[5J WaIten, MJ., II fill. (Nov, 1980) "RC'commend-dom for HPLC CoJomns.' LIB
2447. FDA, RocbIIIe, MD

[6J Poole.c.F,.andScbuette,SA. (l!l8t) CA"II W)"r 1 j ·tfClti , iF g."pp,
241-%52, EIIetier. NewYork

[7] Walters, M.J. (1987)]. ....... 0Jf. A_ CML 7•• 46&:4&9
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603: MOBILE PHASE SELECTION.
PREPARAnON. AND DELNERY

Mobile phMa for different HPLC moda Wft dac:ribed brieIIy UDder Moda of
Operadon (Section 601 B). Somm..used to preJIIIIe moblIe JIb-Wft diol' ! ~

uDder Sohal.. and Ragen.. (Section 601 D). 1bia~= addjrionpJ
considerations related to the preparation and delivery of • ph E

sm A: MRF PHASEme:,uv
Mobile phala In HPLC are UIUlIIIy mizturelI of two 01' _ 1ndMdual~..
with or without additional additha or modifien. The moblIe phaIe is ... lICtive
partner with the column In obtaining the required eeparatioD. The~ appa.....
is to chooee what appean to be the most appropriate column. and lhen to dalp a
mobile phase that wiD optimize the retention and selecdoity of the tylIteDL

The two most aidc:al parameters for nonionic moblIe p"- are III'CDIth and
selcctivilJ. Mobile phase strenath is related directly to polariq and 8biIily to cIiI
IOhoe polar IIIIIIIytes in nonmJ phase (NP) chromatognphy. while the oppoellr'
relationship eDtI for R"iuae phase (RP) c:hromatognphy. The pneralltn!r'lD'
for chOOling a mobile phase is to find a~t or IOhuIt JDildun: with the cmrect
III'CDIth to give ItwJua in the optimum 2-10 range. and then to 8ker the phase to
give the needed aeleelivil.y while maiDtaining die _ IItreDgth. Sohal.. hawoc
been c'a-ffied according to III'CDIth and 1IC1ectivlty to allow the aelectioo proa:II
to be al1east somewhat syst......de

Sohent ltIengUa for alty IOhoent is dependent on the ItationaIy phase 1IdIodIeDt.
An eIuotropic ICIies is a nmking of sohent strengths on a given ad8orbeat. Table
6054li1la sommt strengths for common sohal.. when used with dilruuat .·lton
aryphaRS

Table 60SbIho.~.. that are memben of the di&'ereDt aeIc:aiviI.y poupe; the
1Ohoen.. most Ptdured for HPLC are underlined. Co"lpA.nda in cli&'eR:nt PUlijI8
intuaet in different..,. with the malytes to be 1IC....ated. &t.:?;nolon~
lions, dipole fon:ea, and hJdrosen bonding. To optimize se • and impUiC
lepU8tions, m0b01e JIb- are JlI'CP8I"ed &om 1Ohoen.. in dif£uuat lC1eclivily Poupe.

NanIIIII.-.-an ........,

The eight PUlijI8 ofsoMmla IIbown In Table 60Sb emerpd &om Sayda'. plot of
sohal.. within a lriangle of aelectlvlty coollll",," iep_1ing ad.the p_
dooor. fI'OtOD acceptor. and dipole paaamelr'i' [I. 2). "".i..."m ada:livit, is 0b
tained if one sohal. is choIen from each group cloeeat to the comen of the
lriangle.lI8Ied on other facton, IUch •~ and UVahIorpdon popea1iea, the
three sohal.. choIen are UIUlIIIy dietbyl ether or methyl !a1-batyl ether (MTBE).
chloroform, and metlaJIene chloride. HelllIile is used • the I.e IOhoent to act
polarity (IOhoent ltIength). A binaay oDture of hellllllC with one of tbae three
IOhoenIi can be used to delr'i1lJin.e the appaopriate IOhoent strength, and other
binaay. lr'itiaay. and quatemary mimIrea with !be -1tI'eDllth can be talelIln
a ayotemaric trial and earor faahion for the required aelectivit,.The-nltIength
(P') of a oDture is the IlIiD of the product of the individual po valuea dmes
the wlume faaction for each compoaent 1Ohoent. Other uaeful combin.ticMw of

603-1



lUnderlloed IOMDlSare Ihoee,euenn,pelti.ed.

[Bolh 1abIeIrepinil:d wiIh penniwina olFJ rier ScIence I'nbHlhen, fnlm Poole. CoP., adScb-.SA,
(19M) 01-' i .}~ofCIa 7 , .,.;>Table 4.16, IJiI8e l!6O.]

alip'nric aJroboIa, W!hapoI

Jl7ridinedaWalha,lI:!RbJdm'iuan .mldet (esceptfi":wlil.m!de).sJpcoledlen, .., .......

fII7coII. beozJl aImIvd, ... acid 'inn-Me

lriaesyl pIHMpIwe. aHpharic~ aDd-..pol) ! .."" ...

.~DiUlIa, aaumitrk, prop,IaIe taibwale

aromatic h)cbiOCaibuol, mh'"'C b ..........dwil:d aromatic h)cbiOCaihoal, DiIIo ••n.w..,,_'
uomatic edten

fIuoro*uhoII, uraelO1, water, rieL.,••g.

I

D

m
IV

V

VI a)

b)

VB

vm

Table 6CJ3.6:

SECTION 603

Sol sA SeI.sA
tJV • 7 .., • ..

C. elf. IIefa
,

DC ... VIrw dlJ PM I • PM •
Sole..... - .... ..... ·C cP••·C .. C" Gnoip

iso-- lane 197 U89 99 0:47 0,1 0.01
n-b_ 190 1372 69 o.!O 0.1 0.01
methyl t-butyl etber tlO U69 56 o.rr t.5 0.35
bemene m l.501 81 0.66 U 0.52 VB
methylene chloride m UtI 40 0.•1 5.l o.ft V
npropanol t40 l.385 97 1.9 ..0 OJlt D

~ tIt 1.405 66 0.46 •.0 OJlt D

etbyIacewe l!!i6 1.570 77 US ... 0.58 VIa
cbbur..m tf!) 1.445 61 D.5!I 4.1 0.40 VOl
cIiolIane tIS I.eo 101 U f.8 D.56 VIa
aceilaie !I!lO 1.356 56 0.5 5.1 D.56 VIa
edwloI tlO U59 78 1.08 U 0.88 D

acedcKid 1.570 118 1.1 6.0 Llqe IV
acelOI1ilrile 190 IMI 8t OM 5.8 0.66 Vlb
metbanol 105 1.526 66 OM 5.1 0.95 D
.- 1.555 lOll 0.89 lo.t VeryLlqe VOl

TBbIe BCJ3.b: CIe 55i'bJtbJ ofSoiIoelIt Ss'sceMty

Gnoip Sale

I
I
I
U
I
I
I
I
I
I
I
I
I
I
I
I
I
I
1603-2

I



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
U
I
I

sohenta with dif&:ralt sdet:tivity c:hanIaeriItia plus mill'iblJity__ !been.~
of mixture compoeIlion Include mcthyIene cfdoride, MTBI, and aa:umitriIc m
Freon FC-llll (l.I,2-criftuoro,I~e).and medJyIeoe cb1orIde, MmE,
and ethyl acetate In hClllllle.

Sohenta for IIcJuId-lid chroJuatoRrapby (LSC) HPLC IhouId cullaln • JeMt a
lIIDlIIl concentndion (&g.. 0.01-1w,~ mIi polar modifier (wafer. a1cohoI, lICIClOIIi
trile) to deiIaIvate hipJly adIorptiYe IIitl:l th8l can ClIIIIC 1lIiIIng of~
graphic peaks. Water Is the mOlt ImportaDt de a Iivaror. and k can m- a~
found dl"ect on chromatographic raWlI. It Is 9CI')' diffinJlt to conll'01 e&Kdy !be
amount ofwater dIssohed In nonpolar sohentallJCh • pentane. bCllllllC. bepame.
and methylene cbloride; this Is one of the major ClIUIClI ofaIow column equDIbrll
lion with mobile phases and poor reproducibility In UlC. The CoIIowIng are UICfW
precautiODl when using alumina and IIilIca columDs:

• Use SOw, wateMlItUlaled IOMaIl for IIilIca gel and 25W,~
IOMaIl for aln mln•• euept for pentane. 1iaaDe. and beplane, which
should contain 0.05W, acetonIcrile. (!lOw, wateNaturated means lhat the
IOMat hM sow. of the water k 1iOUld m- If it were totaDr aatlUlIted.sow. wateNaturated sohenll are prepared by mixing equal w h_ of
dry IOMat and saturated IOMat or by ea In, dry sohenll through a
special moisture control column for IpeCdied time periodL)

• Change &om one IOMat to another In lIIDlIIlltqII along !be eIuocnIpk:
ICIies. Do not attempt to follow a 9CI')' polar IOMat with a geIJ IIOIlpOIar
one direcdy. or vi«_

• CIromatognpb a !at mixture repeatedly to !at column equilibrium
each time a column Is UICd after being shut down 01' when cbanalng
mobile pbasea.

• IfpewibIe. UIC a ICpante column for each mobile phase to DOid ...
Jems _ [)!jared with aIow equilibrium. Awid gradient elution with IIiIIca
gel or alumina cohmma.

L'a......Qa- n"W"'"

This lCClion wiD only conllider mobile pbaIea for boDded polar pbaIe mIumna
IlJCh • C8 and C-18. wbidI pledomlnate In palicLk derennlnarn. a iaI
Iiquid-IIquid c:hromatopapby (UC) wiD not be wtelcd hH i1_ it bM been ...
mOlt c:omp1eteIy mpencded by boDdcd pbMe c:hromatopapby.

In RP~.!bemobile phase II more polar than the -tionay phase.
and the mOlt compounds elute fintftom the column.M~I I gmer-
ally consiIt mIxtura of water. the "c I kelt I01vent for RP 01' aqueous
buffera with water-duble orpnic I01venIl. Typically UICd I01venta Include. In OJ'
der ofdecr-mg polarity and increasing elution strength: methanoJ. BI:etODiaiIe.
ethanoJ. iIOpropanoJ. I-propanol, dIosane. and tetl'lIbJdroliu (THF). Add and
basic: buffera are UICd In the ion~ ion mode to comen. iwpeclhely. walt
acid and walt base analyta to their nonionk; hydrophobic formI, which are
seIectiYeIy retained on RP ph c Totally IlClUqUCOUI m0b01e pbaIea are being
Inae.singly used for the "nonaqueous IU'" HPLC ofpolar RJbIaIn,as.

Ji
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The seIeaivlty triIIIale lqIpJ'OIICh dacribed above few NP HPLC ia appfied c:quaII)'
weB to RP HPLC. 1'be iOlvenll nearat to the COlDen of the tI'iIDtIIe aud biaviDB
the reqWsite _ solubility are acetoniIrile (dipole imaaaiom). medlmol (pr0
ton acceptor). and TIIF (proton donor properties). It is DIOIt (O!I!DMV! to _
with a _/met1umol IIlbaure to find the opdmlDD u.ent -am (1"). mel
then add one or both of the other IOhenIl to mainlain the lUengtb but iDa de
selectivity for the required aeparadon. EIch mobile phase modifier impIIrlI a
cialreleaivity by onning 10Wer k valua (faster elution) for • ••,IJi"'O,.....~
particular type of func:tioual group.

A .,............ fOur-ent, IegeIHIIildure mobile phMe opdmiDtion iUablIr1-.1
on the approadl cIaaibed above is widelyused ""'hocratic: NP and RP Hft.C (5).
In the c:ase ofacidI orI.a. an addidonal modifier to -YustpH IIIIIJbe nil' ".
c,(.• l~ acetic: add In _ few the cbromatognphy ofphc:nOla. ODe of the _
IIIJXIIJra taud by this protocol should provide the required ICp8I'8Iion. IfDot, a
different column. temperature. fH. or IOhent modifier ia u:qulled. An HPLC
system with four IOhent raenolJ'l aud compulerized II01w:nt mixing apUility
makes this opriuriDdon routine a aImpIe matter.

loll" he we au, HI wapby

SoIgenIl for the separation ofionic c:ompouncIJ (..,..1ICIIiddeI wiIh addle01'''
groupB) by icm ncb..chmmatoplpby (JEC) iilc:Iade~ KidI, --. 01'
IlufteIs that aDow the analyta to P'JBleil full or panial electronic cbaaaes aud to be
more or Jell attneted to the ionic groups of the .atiooaay pbaBe.

Ion evbange eepuatloaa -an, depend OD __ equiJibria.the P"'lio_ of
wbic:h are a function of the fu1lowina £acton: the relathe ""Inhies of the maIJte
and the mobile phaIe CQUDta" 10118, the ionic IlJ"eDBlbI of the anaIyte aud counter
10118, the add or base IUeDgtbs of the analyte and the ItlIIionary pbaae fimnional
groups, and the mobile phase pH.

The general approadl to d ....lgrtlng a mobI1e pbare II to &nt the ionic
IUeDgth to give analyte k YlI1uea bet1Iecn 2 ana 10. and then rile pH to
control seIeaivlty. Low ionic IUeDgth facilitates retention and hIgh ionic mqda
elution. A c:hange In pH aIfecra both the chanldcr of the~J"."doftbe
Itationary phase and the loniDrion ofthe aaalfte. Recmtion is br a rnoh1e
phaae/exc:hanger pH bet" 'D the pEa vaIaa of the ev:Jra1llF and !be maIJte
(both IIIUIt be c:barged). Elution ia ....1i..ted by mobile JIb-e/~
above the pEa of. c:m0l1 or below the pEa of an anion. FffL-:imcy ia~ by
e1eftted ter"lwnuures aud lower BeN' rata. An Ina In COUDta" ioD ali. en....
tion Increatel mobile phaae 1UeDgth. The proper c:boIc:e of counter icm can im
~ selectivity. In general,~ ions with hIgher c:barJe, ..11er
bJdrated diameter. and parer . Recmdon of 8DalyIa is fawwecl if
the evb-.r ia equilibrated wiIh counter ions that are -uIyhekI, and eIurioo if
the mobile pbalefevbanger conlain ItI'ODgIy held counta" ioaL Additioo of ..
orpnic modifier generally Ina r .. BOhent lIIIeDI1h (especiaDy if aulyra arc
Inreraalng with the mobi1e pbaIe by a bJdropho1iic mec1wUsrii) and ina HI
effidency by lowering viIaJIitf.
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The mobile pbaIe for ion pair c:bmrnah 'lPaph, Is at a pH wher'e the atIlIIylc is iD
its ionic form, and it also c:onlaiDs a pairiDg agent::=~:::with the atIlIIylc
to fonD a hydrophobic, uncharged apeciea that ill • retained by a Col8 01'

C8 bonded c:olumn. Typical pairiDg asents an: a quatenwy amiDe for weak acidI
and an aItyI suJ&te or sulfonate for weak baIa.

The choice ofa mobile phase ill aided by the following guidelines:

I) MetbanoI/water mbttuns an: pRferred AI the mobile pbaIe to miDi
mize counter ion solubility problems.

2) Short chain counter ions an: mxmunencIed for analytet with Jitde cIif:.
ference In molecular 1lnKtUI'e, and lOIIger chain, hJdrophobk: CWJIfa'
ions for greater mention.

3) If siJk:a.'-l bonded c:oIumIII are used,::'l.H of the DIObiIe pbaIe
_ be maintained withiD the column'. • ty range. Use of porous
polymer padinp avoida thia CClIlccm.

4) The DIObiIe pballe should he cIc-t ed before adcting the couna:r ilia to
prevent JlO""ibIe foaming,

5) Typical c:onc:entrationa for counter ions an: 0.005-0.01 M. and 0.0005
O.lf01 M for bulfer componenlJ.

6) Couna:r ioDl should Dot ahIorb tN light Ifa tNdeteaor is iD UIe.

7) To prevent aaIt preripilation, the pump ahouId Dot be 1UIDed all ODd!
mobile phase Is .-bed out of the .,.eem. Altenlllli9dy, a dow tIow of
mobile pbaae can he maintained ovemighL It Is heat to h-a dedicated
column only for ion pair HPLC.

IDe RIM ,,1fIIItDIl Qu......aphj

The pleceding dkouaiona relate princ:ipally to mobile fib- fOr iIocratic HPLC.
Iaocradc: elution is wide1y~ heca1_ ofits WUiClilenc:e and iepi"'uoDilhy. It is
Dot adequate, Jl.OWCiCi, for aepuation of arW,tea c:onoaining c:ompooen1B with
greatly different retention rima. Gradient elution iJnpnMa reaoIution of early



EiD3 B: MCBIlE PHASE PFEPARA7DJ

Mobile=_be paepared from high purity IOhen1I, indadIng _ that
_ be' purified (iee&aion 601 D). MObile pbaIa _ be fi1Icied thtough
SI JIID pore me filtei1 and be deB ed before we.
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eluting peaks while C'lIIaRng Iarer eluting peaks to e1uII: lIOOOeJ'mel in a _._
band. Alternative approaches to the pelal elution poblem include rohmm c0o

pting and Dow and tempetamre gndienl" but these wID not be dhn.cd here.

Sohalt padien" are .-Ily~ of a biDaty JDiKtnae of a wak IOhrnt to
wblc:h CODtlnuoudy Increasing lIIIIOUDta of ItroDgei IUMmt are added in a 1IDear.
c:oana, or conCliR aeJatlnmbip ow:r lime. &oaalic elution periods are often iD
eluded at the beKinninlt and/or end of the gaadient ICCpIeDCe. ImpoIcam COIIIid
maliona include the IOhenta chOlleD, the IDiIial melfbW~mel the
gradient shape and 1ieepD_ StepwIIe gaadiMJta are also • Methods are
avaHabIe for predicting and optimizing gaadien.. for thet HPLC modes
[4, 5]. but the _lIUicable gradient for a panicuIar IeJIUlIlioo iI.-Ily deter
mined empirically.

Gradient elution is UICd widely in NP and RP bonded phaIe mel IEC. It IIIlCIt
recommended for LSC and cannot be UICd with u.c or With .efaacthe indelt (lU)
or conductivity detccton. Regencndon at the end ofthe gaadien. _ aecum the
column to equilibrium with the 1Di1ial1UMml.~ (.m....ratioaa..,_
quire purging the .,.aem with an intetmedialc ItIeDgth IOhenI" or It .., be
po-ibIe to simply ... 5-10 column Wlluma of the tint IUMmt thtough the c0l
umn.

pH and ionic: IlieDgth c:ta are common in IEC to c:onttoI fMbiJr phaIe
ltiength and seIec:d9ity. • IS for ion pair c:brom8IoKraPhY mUll be cbechd
to be IUI'e that the counter ion mel buffer compoaenta 8n:-1IOluhIe in aD IOhent
composiliona UIed. Ion pair gaadienlS may inrilM a IUMmt padient with apwgm~
pH and counter ion concentration, or these may be changed along with. or iD
stead of, the methanoVwater (or other IOhent) composition.

Panicula... IUttei' in IUMmta can cIamaae Jl'UIIIIII> bIod. 80w in !JIbing, mel~
gaade column petfonnance. FIlterIng at aD HPLC 1Ohen.. obqqId be a i1IUIinc
Iaboratoay ptocedwe. FilterIng II apedaDy important for .UINWI1 of paadda
when sohallS are IItored ow:r moJecalar IIiews. Cotmncn:ial UDilB that aIIlICh to
any WCUUID line are IlVlIiIabIe for 1imuI_fiIJration mel cIeg hC of8Ohetdl,
or similar appaaaIUI can be III mbJed in the JaboraIoay. Commercial DJIon met&
baane filtei1 with 0.22-1.2 JIID pore me are COmpab"ble with aD IOhetds COO'mon1)'
UICd in HPLC. MOlt coiillileri:ial HPLC gaade sohal.. are paefiItered thtough a
0.2 JIID filter and mould not acquire additional fIIttation.

D I . 'ISolwsb

Deg 'ug of IUMmta II nee " to IMIid poNe". with c:ohmms, pili,!., mel
detet:ton~ bypi bubbles in the IJIteiII. The fiIteting IlI:p, ifcanied outwith
an aIpitator or vaomm pump, can also provide d cg "C- Dew '..( of WlIadIe

1l: .....'11181I----
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solvent mixtures with a vanmm can change the cmnpcllilioo of the lIOhenl; vanJllm
degllllling Jhould newr be UICld for IUCh milmIres.

Other delJ"'"i..g methods include boiling, UIe of an m.Iine Ng i..g unit with a
gae-penneable memlmme. or by IIlPlldion In an uItnIonk bath. Howe_. the
_ effective and coJlftllient dega:!:femethod is helium 1JIUIlng.A com.....'dal
unit can be used, or a letup can be In dle laboratoryfrom TefIoo lIIhiDg and
an Inlet line frit aaached to a helium supply. The frit is immened In the IOMat
raenoir. and helium is bubbled for a feW minutes widl about M .. pi Ell Jre at
the tank. The helium Oow is reduced to a trickle during operaIioD of the II em If
solvent mbrn,!'eS are made manually. indhidual SOlvenlB are fer et' pricII" to
preparation. and dle mixture is kept under helium during UIe.

PiepaalldoB of............. MghiIe - .1

Mobile phaIe mixtmea can be prepared eilber by maDUlII~ or by In.Ilne
mixing using the HPLC lIOhentbIeDding and deIivay lIJIPIIIUI!-~P.
ware UIed for preparing mobile phara should be ezceptionaIIy dean 10 U doeI
not introdnc:e panicles or impuridea.

Two dilfeient approacha to _mlal prepanIion of IOlvenlB are piW'b'e. Eidler is
valid, as long 81 the prepuUon method is dearly recorded 10 odlen can::r:
duce the results. In the fiJat method, wlumea of IOhenlB A and B = 2 In
graduated qIlnden or pipetlI are milled together In the mobile phase reaehoir.1n
the IeCOnd method, a measured voIume of IOlvent A is pJaad In a wlumetric:
flask, and dle solution is dDuted to the line with solvent B and tiaDll'cned to the
mobile phase ieaervoir. SohttioDl JlI'CPII'ed by d1eIe methods will be llipdydilfer.
ent, espedaIIy for water/alcohol mbturea, became of the DOIlCllllCt addid¥ity of
wIwnes~ mi:dng. It is good practice to prepare the mobile phase fresh ada
day. eapeaa1'¥ ifa wlatlIe solvent is itnohed. If the mobile phase will be UICld fOI'
longer periods. it should be definitely proven. e.,.. by meuurin, RI or
c:hromatographl a test mixture. chat there is no change In .....I.lIi"nn with
time.

Ifan error In c:omposition is mapected for a mobile phaIe prepared m.Iine. a _
batch of the mobile phase aboufd be c:ardWIy plepared manually and the separa
tion "'JlC"ted

SuIt". •...
The lIOhent container should be .-Ie ofa -wiaI from which the lIOhent rannot
leach a1pificant impuridea. and should hlne a c:overwith a.-II opening throoP
which the Teflonorstajrr'_1Ied =tuhlngfilBmuglybutwithoutaJllltl'icdcm.
The rCleivoiris pJaad lIWlI)'from t orcbafla to li\IOid 'e"I)lCI'ature ggdiallI,
and above dle lIOhent~ I7'teiiI to provide siphon feed to the pump. The
resenoir should be labeled with the composition and date of pre)l8IllIioo of the
mobilephase. anda lIOhent resenoirIDter (llinkerfrit) shouldbea~to the end
ofdle delivetytube.

I
I
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8) The pump mould be e-r to maintain and iepU". Eten with the belt of
care. seaII, rlngI. and gaetets wiD require occaIimal it]..... ell......~ and it
wiD help if theIe lll'e easy to lICite&

5) The Bow mould be ••....nt. repr0
ducible witbin at leat I.... and
pubI= 01' bane a d.m.Ii"r SJ'IICIIl
to JDiniJnbe detector DOiie genet..
by the puJIea. It IhouId be easy to let,
m~"2i~. iDd chaDge the 80w rate.

4) It IhouId be easy to c:ban&e from ODe
mobile phase to iDother.

5) The intaDiI wIume of the JlIlIiIIP and
illof the pIumbinK Mea: ~n the PJIIIP
and the injec:t.or mould be • -n•
pew!ble,

6) The pump mould be uaefu1 for
iIIoaadc 01' gradient operation.

7) The pump IhouId be .,........ to the
UIC of-nvoJuu- ofmobile phase,
a high wIume mobile pIIaIe i ~. ....

or a belted lUCId.

~-
-..--t

-..----
-

_....

lRaPiI.... llIIMlIpw•• ' 7 ,rlJaIwt\Wlrn""
m. fram LIndIIIJ. s. f1-nftWtPla....__
LilPdQaDi """ F9ft 2.11d, _21.1

Pwapa

The tunaion of the pump in HPLC ill to deIiwea the mobile pa-e du'oup the
colwnn at high JII"~"IJI'C with a controlled Oow rate. Two JIIl!ioc allegUIiea of
pump lll'e CO'Il!laDt ftow 01' 1IOIume and COIIIlJIIIt pi are. Cont!ant pi IIe
pUDlpl apply a ronttuIt preIIIUle to the mobile phase; Oow du'oup the ocoI"'... is
determined by the 80w raiIIlanc:e of the colwnn and my other I'eIItric:IioDI in the
~ Constant Bow pumpI generate a e:enain Oow rate of mobile pbaIe; the
pressure depends on the Bow raiIIlanc:e.

Constant Oow pumpllll'e recommended for HPLC hecmIr Oow i . I...... may
chaDge with tiIne due to sweIIinK 01' IeUling of the roIunm. -n lI:IDperatDre
YlIIiadoDa, or buildup of pu1iailate matter. TbeIe dfecla wiD aDDe lIow rate
chaDgeI with a CODltiDt preaure pump and result in nonreprodudble mention
data iDd erratic "dines.

A suitible pump mould haw the 1OJIowing c:harideriIda:

I) The interior of the pump IbouId be iDide of inert iDilr:rlaIII thit reIiIt
corrosion by my IOJvenlS being URd.

2) 1'reIiurcs up to 6000 pIi and a wide mnge ofOow _ (O.I~IO mlImin)
mould be availibIe. and the Oow rate sbOuId be easy to c:biDge. High 80w
rate eapPiIity ill cspediIly importiDt for prqlIli'iIhe wort.
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Neither co..-t ...-re JlWDP8 DOr ..., ......iw:u SJIiDBe co_t flow pili'"
are desaibed here bec:auIe the~ 1"l1li1' (Fipre 6OS«) isllleCl in IIlOIt
HPLC instnJmenlL In this pump. a IIIIaIl pilton is drhen in lUId out ma IOhaIt
cb"",ber by a IIIOtoI'drheD ea:entric cam lUId gear arrangemeDL On the ror-d
snoke. the inlet check vahe c101eS, the oudet vahe opens. and the mobile JIb- is
pumped to the rolumn. On the return stroke, the outlet vahe cloees and the
chamber Is refilled.

sa::I011 60S

B039

To_

figure ....
III • "8g 7 iii

- -A •

lA¥b " .~JaIIn"..,
_ -. 1..indIoII.B.
(1-n,.,,~.. a,M
(Jaw: 0 """'ron2.2f......24.]

- -A B

W OIl-- ~,.... I- --nMv-
HIF---...

Because the dispIac:ed wlume islllllllll, the pump must qde frequeady. Abilliou
is mjnimjrM by using hard, smooth piston IIIlIlerial such • boroaiJic:ale gIas.

sapphire. or cJttome.plmd steeL SoIw:nt apwitym
figure llOlNa a redpuloo ating pump is UDJimited if the aIaDlII

a "'c8; m I usehoir is filled • required. The intenW c:ban!k
wlume can be ftI'Y IIIIaIl (..,.. 10-100 pL). IIIlowiDI:
rapid cbaogeof~ The Dow late. O.of
50 mL/miD. is cbaJJsed ~ the length of the
pilton stroke or the oftbe inotor'. PiIIDn RaIs
and check vahes must remain lealt &ce. This requhes
reguIU' main_a and periodic icpl- eD'eru of
pans. Aa:as to vahes and RaIs for maiD.....a..... is
usuaDy quite easy.

F1gure fiOS.& shows a singIe-bead reclptoo adng putII(J>
in which sohent is deIhered to the column for OIIIJ
one-half of the pumping qde. F10w pod.tions arise
from the pistoD don; which may~ noise
with some detec:ton during high _tivity anaa,-.
F10w noise is reduced if the pump is desiped with a
rapid stroke late so the detector cannot iCSJMed rap
idly enough to sense the flow chaIJ&es. Other..,. to
oblain CODSlaDt flow late are the~ of
dunpen<:rs or a feedbad: control SJIItCiiI.

(Rap ; . .of ..... .,.,
-_ 1..indIoII. B.
(1SB7J HIttJt Pta.ii.U: Liquid
a.G' , .... f9n:2.2f......M.)

Twin- or duaJ.pistDn redptoaJing JlWDP8 b&\IIe lM)

heads operated 180 degrees out of JIb- by the ac
tion of a single am so that one JlWDP8 wbiIe the
others refills, producing a con_I, pu1se1ess flow
and redu'"Cd noise.

The diIIpImIgm or memlnne redpioc:atlnl( pump is
a YlIriation of the piston JlWDP8 cfesaibecfabme. A
piston is driven b8d and fonh by an eccencric disc.
the movement is convqed hydnuIic:aIIy to a fIeDbIe
stee1 mcmlnne. which f1eHs and disp!aces the so~

ftilt out to the co1umn, and then pulls in mobile
phase from the resenoir when the dmphragm Ie
turDs. Check vahes at the inlet and outlet ensure
flow in the poper direc:doo. The piIlOn does not
conlllCt the soIwint directly. so seals are not needed.
pulsations cmwed by disc:ontin1iOUS pumping and suc
tion qdes are scabi6zrd by inmrporation ma damp
ing system or two pistons lI7Dc:hronI.d to minimbe
puJse lag. Back ...-re c:bangea in the rolumn and
the elasticity m the diaphragm can age flow late

1
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devialioDa A feedJ.ck Bow conuollcr IbouId
be incorporated to --.:_~Bow raII:,

GJwIIe-., Plop , • !JJs,,.-

In F1gure fi05.b, the padieat II formed at low
preIIIII'e by melering controDed _IS cL
IOl¥enla A IIIId B from low pr lie JIIDIIIIa iDto
a rong c"",",- (\IOIume d mI.)~wiIh a
magnetic 1Iim:r, from which It II draMl iDto a
high prmule pump for dcIhery to the co1wmL

FIgure 8Q3.d
a ..... st II.

To_
(AspLiIUI Ii 5 ; , aIJahn WIIr
end _ h:. _ lJndIor, B.
11887)""~_"ii._1JquId
QaD; S .........2.2f.....24.]

The arraJIlICIIIllDt in J1aure 60Sc lllimiIH, but
c:ompo8ition of I01¥entIn the low P me miK
ing chamber':="::lm1uopiO' Ill"
controlled, , IimeopnJpcJnioD
ingvaha. Lowpile i)iltl5Di wiIh DO mbrIng
chamber are also _11ahIe Such .,..euw, which

--.: that the gradient II not retarded, imohe hIgbly pedle vahe controllllld a
great deal of mecbanicallllld eIcctronic eqnipmen~ to miK anenw: wlume IlIIioL

• Hine JIIDIIIIa set up by a JII8IIIufacnJrel"i _tiLe tedmldan. who mould
explain proper operadon. mamleljaJjCz, croubIabooting proce.....ea, IIIId
precaulioDa to an uaen IIIId in-houae aenice personnel

In F1gure 6OSd, the separate IOlveDla are punpcd with l1IO high P _e~
into a high PJ-UIe miKing chamber, The type ofgradient formed II COIlIJOIIed by
programming the dcIhery rail: of each pump. EIearonic: control__e that
the total 'VOlume Ii alwaJa CODllaDtlllld that compenetjcm II made foI" cbIinBea in
viacolIity, The poIliJUIDP chamber m_ provide npId IIIId complete mixing IIIId
hac a IIDaIl wIumC: and no "dead" areas. 1biI method II more:eve tbati low
Pre8UJe mixing ........'R a separate pump is required for each 10~ IIIId thUi II
deaep.ingty favored.

Technically aopbMticwted ""Cl"II, -n, inwlhin( low P lie, conuaBed mlll
ing IIIId deIiveJy to the column with a high pi" ne pump, are _ .-DaNe foI"
gradienla bhohing three IIIId four difl'erent aohenli, which are be- ,."jllg more
widely 1Ded for aepuadon ofc:ompks mixttuea.

Errors in gradient foI"m8tjcm can be .",."., by JeIIricted linea IIIId 10aIe IIJbina
CODDeuiona, which can be correaed by the opentoI', Problema with vahe control:
len or liOAware uauaIIy _ be handk:d by a manlllWlDleJ'i _vice '''dmirian

PI·....-wIdlP.-pa

The following conaidrndona are important in the mamleljaJjCz IIIId trouIzl niwot
ing of aD types of HPLC p'mps'
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• Oblain an available operation IDIIIIUaIa and~ that they an: n:ad
can:fuIly by .-n. Many IIIlIIl\I&cture plovide e&teidhe nWntrrJl!!Kr
and troubIeshoodng informaIion wim their pumP'

• Stock an adequ8te IUJIPly of pans that require routine replvemrnt or
may be cIamaged or broken during routine nWntrr!lllKr, IUCh • RaIl,
pIungen, fittings. c:ama, Odnga. heads, check valva, Iprinp, clmnpl, ..

• Maintain a log notebook for elICh pump. 1JIt main_a: and JqIIIir
dates and procedures, and me and storage history.

• Periodically lubric:ate pump motors wim me proper grade ofoiL

• Do not attempo; to replaa: one solvent wim anomer un1eII bolh an:
compIetely miscible.

• Degas IOlvenlB to awid bubblea in me pump beaclCa) and filter an sol
ftlllB. These an: the two primary precaudona for plewenling pump pr0b
lema.

• If poaIbIe. awid highly wladJe IOlvenlB (&g.. pentane). wbic:b widl the
pumping action can cause wladtiption and bubblea.

• Awid pump ovabeating by working in a weJl.wntiIated lIn:L

• Confirm that me pi I Ire limit awitcb. If-oab1e. is set plOpedJ.

• Inopen pump beads and 6ni". for lab 011 a daily ...... Lab can be
mJ8"d by dinv pistons and WOI11 piston aeaJa. Gentle tiPtrrJing of fit.
tings -ny eli!!!i!!!otea leaks. Ova1ightening of fittings can c:auae lab
and permanenti}' cfamage me part. This can be an e*jEN4w; matter if'
me affected fitting tIueada into a pump check YlIhie or bead.

• Dirty. .king, or malfimc:doning check YlIhiea can c:auae iITepIar or
inaCCDRte flow and drifting _etinea, or atop flow lI1bJ&ether. aaed:.
valves can be replaced or cleaned. In either case. foUow the
mann&rtlJrer'a inatructiona.

• Detamine the uaefulli£etIme of pump aeaIa under the opeI'IIIiIIlf~
tiona in elICh IaboraIory.1lqJIace the aeaIa 011 a rqu1lIrll.ia before the
uaefuI lifetime is over. or at least on a yady ...... At me __ lime.
inspect the piston for SCI'ldCbea.

• Verify the flow rate ofpump 011 a periodic~ to an lICWiaq of IO'J>.
by deIMry into a graduated CJIinCIer while timing wim a atop walda.
When an aa:uracy of ±I$ is deaired, me a atop watch and buret. Me.
sure the time intenoal • me meniaam~ two~ 011 the buret a
known WJlume apan. At least a 2 min period is cIeainbIe fiJI' dlia depe
ofaamacy. If the deIigered flow rate • not widlin apedfkationa. check
for leaks and/or mUc ~."nemaor repairs • oudined in the operu
ingmanuaL
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• Ifthe pump ItlI11I up but does not move the IOhent, it is probably in need
of priming. Pump-primiDg proc:edura wry &om one inlawneut 10 ....
other; check the conect procedure In the manu&clmer's imuumeDt
manuaL

PI,>, ,...... by AIr. MOIlJ::«:: with HPLC pumpI are •_«d by m
bubbles. These arise when m is inlO the pump When ~the sohalt resehoir
nms dry or the solgent iDlet Hne is lifted out at the~r_..oir; from Ieab at the
fittings that COIIIlect the inlet 1IlbiDg to the pump; from bubbles pnenlIed when
the mobile phase componeDts are mixed: or from cavilatioD at the mobile phase
in the iDlethe or pump head. The symptom in each c:ase is IUJHIllle at0- or
fivetnating prcIIUI'e.

A sinker flit on the end at the iDlet 1IlbiDg or light mnnecdoa duough • cap at
the mouth of the n:..hOir will keep the tuhiDg submerged in the bcJ!1••" at the
n:senoir and prevent air in the n:sehOir from n:aching the pump.

Ifan air leak OD the iDlet side at the pump is mspected. c:arefuJly lighlal each at
the fittings, inclnding the check whe. Do Dot Oieilighlal pI8stIc fiaiDp 10 the
point atclistorticm. If the leak pel"" d' I=l>Je the fittiDp and .........iDe them
for damage.

Recut suspect tDhe ends and re uumNe or rep)ace suspec:t low .. dlwe or ....
JliCIIioD fittiDgs UDtilthe problem is 1OJved. Jlbuffers~ beeu~ flush the
fittiDg with Donbuffered IOhent before re.. mbly.

When RP IOlveDts (.., .. water and methanol) are mlud. the miztDre haM. lower
capacity for disIIolftd .... Ihan the pure component sohaus. This is wily .......
often are seen evolving from fn:shIy mlud mobile phase. With manual miziD&,
excas gas bubbles &om the soIudoD, but the mbtture i"'iD'tiDs .wrated with m.
'Iberefore. when the pump begins 10 fiII,.. we is ,edllceet and gas buNlIn
form in the pump head. With low pi! me mjxiDg, IOIveDts are cmnNned jmt
prior 10 the pump. Mohile phase entering the pump is superatnrakd with m.
which bubbks out in the~Withhigh prm .fle mbriDg, IOIveDts are mlud
after the pump. 10 bubble should not occ:ur in the pump. Pa'1JC' des-
sing of sohmis (Section B) Is _tiaL

Cavitadon oa:urs when the pump draw IOhoeBt through. Hne with r_iaed0
and creates • pardal_ in the line. ThIs _ 1II.D' am au.e disIoIftd m 10
expe1, forming buNlIn in the iDlet line or pump head. Block I'! at the inlet fiIIa"
In the mobile phase n:....air Is • COIiIiDOD amse at cavilatioD lbat am he~
rected by rrpJaeing the restricted filter. Another amse Is • dgbtJy fittiDg (au'"
cap that is not propaly _ted. DriDlng. ftl)' IIIIlIII (<1 mm) hole in the cap or
1000000ing it am reinedy this problem.

Pl4' W Ce d by DIrt. The mOIl ".,,=c;...."g systanaucO* •• are
c:aua:d by dirt, • term that crrompUl . -uer In by the
mohiIe phase. buffer evaporadon. or waring ofa:aIs. The main prOO!e". c:aua:d
by the presence atdin are ma1funaioniDg check whes and pranature pump a:aI
war.

Pardcnlate -uer am pnvent proper seaIiq at check YIIhes, remIiing in ...
sure fluctuations and poor~ de1igery. With high pi! dive mbriDg, • dirty
check w1¥e can amse proportlODlng problems. Ifsimple f1n shing does not cure •

Ti tnJIMI----
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suspected check Yahe problem, the Yahe mould be replaced If the l*obIew II
eliminated, the dirty check Yahe mould be c:leaDed. if~'bIe.and Jarer nHIICd.
If it CllIIJlot be cleaned, it can be returned 10 the mann &t1u rer for m-'iIding A
diny check Yahe is c:leaDed by riDsing with HPLC grade IOJvocnt or lODjc:atjng In
10% Ditric acid fonc-:d by riming with HPLC grade_.

If a pump containing IxdfCled mobile phaIe IIlbut off and allo licd 10 lit _
night or Ionger without -mng out the buf[cr. mobile pbaIe behind the pump
IIClI1 will C9lIpOnte and abrasive IOIld CIJIl8Ia will form. When the pump is re
started, thcae CIJIl8Ia wiD abrade the seal and cause accc1cntcd war. AIndcd ICIIl
panicles can aIIO ClIU8C chcdr. Yahe J)IOblC1lll and block the lop coJunm &it.
FIusbiDg with IOo20 co1umD 1I01umc1 ofnODbuffercd IOheDt at the end ofeach day
is rccon1mcDdcd. Some puIIII» arc dcsigDed 10 allow cfirect 8uIbiDg oE buf[cr
from behind the IC81. The pump operadon manuallhould be a:mai!tcd

PnJpw,IoM'" Pre# To PtCVC1lt proponiODiDg problema, IOltauI _ flow
freely with no rattictiona. 0Iange Inlet (1iJW:r) frill in IOhalt Rlenolr. befOR
they become blocked. Make Ixdfcn Crab daily 10 extend frit Ilfelime by rctanIing
mkrobia1 mntaminarimL Make mrc that low prasure fiuingl arc Raled I*upalt
10 that air CllIIJlot leal In and IOhalt ouL Thorouab1Y degaa IOhenta 10~t
bubble ~b1ema.Elewte IOhalt uschom above the 'proponioniDg manifuld 10
apply slight head prcaD'e and impJuve the reliability ofl101vent delhay.

1luD iefelence _ routinely 10 rccogni%e m«hanical probIemI with the piopor
BOning vaMs and problema with the con1r01liDg~ For ezampIc. act the
prognmmcr 10 the IOhent docs not 80w through the coJumn. Use any comenieDt
(miscible) IOhallS of HPLC quality In the pumpL Attach a n:conIer 10 the~
gram monitor tenninaljacb 10 the pen tiaceS the padlent. Opcnue the ....._
mer 81 outlined in the inauument opcming manUaL Compue the b1Ice 011 the
recorder 10 detenDine whether the CORKtProsr- are aetualIy being JII"O"-'
Tat each propam that is reguJarly UICd for aauaJ analJIICI.

Another tat may~ a aeries of lK iIociatic ItqIB from 0 10 100'1> oE IOhent
B (conlllining a UV abIorber 10 allow detection). changed egeiY 5 min. The~
ing tnICe of abeoipdon tAr lime mould yield riling atqlB that bIe the __ beipt
and arc fairly lICpIlIR. A third tat is a 20 min blauk gradient IUD at 4 mLlmln
using the same spiked B IOhent. This tnICe mould be _1iaDy lliaipt (ape
ciaDy between 5 and 95$ B). with anguJar inteneeliooa at the K .....liDe and
l00~ plateau

Bubble piObIema can be caUICd by air Jeab, which can occur when a l*opcwtioD
iDg Yahe diapIuagm becomea peifwatcd or other elm... 10 the IOhent I*opor
IioniDg iiIlIiiifuld occun. The proporIioniDg manifold can be tated by CXIIUICCIiDg
the m8ulfoId iDlCI and outlet tubing wllh a union. If the bubble problem diIap
pean, the manifold illIIId and DiDIt be replaced

[I] Snyder. L.R. (1974)J arm 'I" .. 2&Z!JO

[2] Snyder. L.R. (1978)J ek: r wr. Sci. .6. 2&!M

[3] GlPJch,J.L.••• (l980)J CoW: '.".11, 57-'79
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[4] Snyder, L.R., ,,1J1.. (1988) Chapter 6, Plwlti .1 HPLC MIfW Da 'J .t, Wiley
Intendence. NewYod

[5] PooIe.c.F.,andSchuette,S.A. (1984) 'We 'I .,,..,tfClil 'gLljll""pp.1&
m. E1Ierier. NewYorl
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604: INJECTION SYSTEMS

TiI_

=

The purp«JIIe of the iJYection .,.rem is to apply the I8mpJe eztrael onto the cobnnn
in a narrow band. 1bn:e tedmiqua are lMiIabJe: direct syringe iJYedion. Itop
flow~ injeclioD, aud UIe of aD injection whe.

In direct .,nup iJYeaion, the eztrael is injected Into the 80wlug moIIiIe ph.e
through a oeptum UlIinJ[ a hlgb pnsure syriDge in a lDaDDer IimIJar to Gte. A
septurn1e- injector is aIM» available for direct ifIinge iJgeaion without inien.
ing mobile pha8e tlow. In ItOp.fJow injection, injection is made at ambient .. lie
after depressurizing the injection pan by 1IIe ofa sliding IelI1 met sJml.oIf.me. or
by turning off the IOMnt deIiveJy pump. The direct .,.inge injectIoD aud iUIp80w
iJYection tedmiques are _ oblolete aDd nrely UKd.

~""pa,,5 ; ,~VIIaD""""h:.l

BD4 A: IN.ECTOI VAL\.ES

FIgure"'"
F 7 ,III Laap,,,,,...Pm"" ........' v.M

The injectIoD whe Ii at p&aent the .-widely used injectIoD dcftce eo.- ieprO"
ducibly introducing amp1e eztncti into J)reIIUJ'ized oo!umnl witbout flow in_
ruption. Valw:s CaD be made with enemafor interDBl100pL Virtually all , 'HIIiI_·
ciaI extemalloop whei are wri8JiODl of the siz-pon desiaD shown in FiguM 6CKe.
A fixedwIume loop is c:oanected lICI1*.-ofthe pons.The eztrael is introduced
through the injection port, aud euaI elIlnCt flows out through the waste pon.
The other .- poJ1S provide a path for the mobile phMe • it Is punpee' inlD
the column. ExtemaJ loop are available in ilzei taDging from 5 Il1. to 2 mL.
The 10 aud !O Il1. ilzei are probably .-widely usecL Loope are -.By .-Ie
from itaDlIard 1/16" stainless steel, but other DIlIleriaIs are used in biowiilfAl'bIr
injecton.

When thewhelirotated ID the IoIIdpoddoa on the le&inFiguMCiOh, moIIiIe pbMe
t10ws directly from the pump to the column aDd the loop connects the iJYedion aDd
waste porlS. The loop is at ambient pnsure and is fiJJecl with c:stiaCtfrom a regular

" ........... 1M-1 (1J'IMJf<ml FDA__
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microlirer syringe. When the wive is rotated to the iJYect pooIdoa, IbOWD OIl the
right, mobile phase flows through the loop, IYleepiDg the exuau npidIy OIlto the
column.

Internal loop iJYecmn 8ft-
with four PO"" wiIh the loop In
the form of an dII"=ed p_
OI' slot In the body of the 1'ahe.
These 8ft med COl' injealng _
1IlIClIln the 0.05-5 pI. JaDge- FIg
UJe 604bm- the iIdauIII
loop injector. These injection
valvel are abo available for
microbore HPLC. This lJPC oE
1'ahe, which is da:lped COl' uar
IUIf bore (1-2 mm) cNumn, bas
a 0.2-1 pI. Inten:bIe cham
ber IlDd bulIHn pCKl with
0.5 pI. holdup wlnme to reduce
esuauJo-.

One COI!UIIOJl tedmique is to fiJI the loop completely wiIh exuau (the "filled
loop' technique). In this C81e, the loop wlume fiseI the injecdon volume, IlDd the
loop must be chaDged to vary the elII1'aet volume. To acbIege good lqacA"C'1Jility,
an extract volume equaJ to twice the !GOP volume ahouJd be med to flush mel fiJI
the loop. Ifa Teflon _ tube is uaed, lI1i' and e:a:ell101gent wID be _ pug to

waste. AD air IhouId be npeJJed when filling the loop. F« appIk:adoas in which
limiJed elII1'aet is "available, lOme __ haw: a apeei'lloopfiIIeI' pCKl that pamils
Joading of the loop with mjnima) waste.

Other methods for varying the volume of elII1'aetI~ Include fiIIlnc a ftlred
volume loop c:ompletdy with a combiDallon of elII1'aet mel 8Olgene; pMdaIIr.::J
the loop (me "partial loop. teclmique), foIIowlng the JDaD""""'mer'1 1*'<
guidellBes; or using special variable wlume vaMs. For best rauIlI with the putlaI
loop tee:hnlque, the volume of elII1'aet Injected ahouJd be~ of the .......i"·1
loop volume, "I~ 10 pI. elII1'aet In a 25 pI. Ioop.lfa tlnyairbubble Is~.P*
before the elII1'aet to isoIale It from pn!9ious solution In the Joop. of the
nomlnal loop volume can be~ The pu1laI loop techn~ .no. flen1Jility
of iJgectiou volume, but pRCiRon Is dependent OIl the aoaIy8t I Kill m IqaoduL
ibly Injecting specific elII1'aet aJiquoIs from a 1JIiDIe.

Recently, the slx-poitwive bas been w1apted to place cleanup meI..w,te •,• ..-..
tration IIep In-Ilne with the cletenDlnathe step. A shon cleanup colamn cbc."
for ill ability to n:taln the aaaIyte n:pJaa:s the loop IbOWD In FipR 604-a (1).
While the wive is In the Joad pooItion, SImple "uau is~ OIlto the deanup
cohmm; suhlequeDt lnjec:tion of 8Olgent Ib'" La: 00reIlIi'lIdha: to ..... wiIbout
RJDOVlng the aaaIyte. When the wive is rotated to the iJgect po"""', IDObiIe
phase flows thJ'ouRh the cleanup coJumn mel e1u1el the ..w,te OIlto mel tbrouah
the anaIyIic:al column to the detector. VariatioIII of this technique can iJlvohe
cleanup lIIld anaIydcaI columns of the same or dlll'eJeut HPLC modes [2). When
the iJYection wive is used this way, no loop is available. 10 the exuau wlnme

lnjecl£d must be m zed _
Flpe IONI mely in a Iflinge....,...........

(Aa;::inIIIII ........ 7 7 i"...... WIItJ ....... h:. ......
hm~ S. (1-n HiflIthlln== LitPdai.. ...f9n 2.2g, _ 26.1
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Ten-pon muldfunc:lioDal wha are now lI'IIIIIahIe for HPLC.n-e can pesfonD •
a aandard s1x1'OJt injection wive and in addition allow exnaa injection folio wed
by bad: flush. injection into two columns dmulameouIly. bgeaioD into eidJer of
two cohmma (random aa:e.). atnet injeclioo foIIowcd by preco1umn bKk fbb.
tnee emichmeDt, a1119'11ate eDI'lICt injection from two-. MH:Ohmm se1ec
tion with flow maintained in both. heanoQlttiDg opaadoDa, and -. .equenUal
injections ofa aiDgle extract.

Iqjection wha UIcd with the fiDcd loop Jedmique are ,.., to _. povide lbe
batpredIion for quantiwm HPLC,~ <1f, reIad.w: ....,."ard dftladoa, are
easily adapted for 1Illtmrl!!tic injection, and allow high praIllR: operation (up to
7000 psi). The panialloop injection Jedmique Is DOt • ieproduaD1e • !he &ned
loop teclmique for manual injectiooa. It Is licit UIcd only for preJlmiawy aperi
menll when~~~ optimumin~~. or with -."";'Ptic injec
ton that provide hiIlh preas10n automatic IfI1DF delivay. To "!I*m... cohmm
eftideDcy. the lIIIa1Test comoeDient atnet wIume should he~ lIIing an
extract soIw:nt that Is. ker (u.. iiIOI'C poIar fur rew:ne phase HPLC) than !he
mobile phase.

The method UIcd to IDSen the wive in !he HPLC IJ'IlCiiIIs critical for mjn'mbjljl
to. of eflideDcy. A 5 em length of 0.15 or 0.50 mm ill tubing bet.. en the whe
and cohmm with connection via a low or 210 dead wIume fittiag Is rec0m
mended. When using the panla1 fiB technique. the whe should he connecaed •
shown in FJgUre 6Me. Thia plumbing~t delhen the emaa to the
column hefure the solution previOUlly in the loop. paeventiDg h8IId IJlI'""inIdue
to dllution of the extract.

BD4 B: AI.ITt1MATr:: NBi,lSS

The ron-m, c:oaaideratiom are imponant for treJllbie 8"ee operation, mainte
nance. and repm of injection wheE

• Read carefuDy the 6ten1tUi'e paded with the whe fur 1nfom,,'1.m OIl
installation, _. maintenance. and repdr.

• The uugor ClIUIC ofiagector prohleu. Is putln....e iiiIIIeI' entering !he
wive. Panldea em JodI': in JIlOViDg pana, ICI'lItCh the rotor -fate. and
ClIUIC leakage. They em also blodt !he counectlng tubing or Ample
loop. To awoid formation of putidea, diIIohe !he ounpJe atnet in !he

604-3
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mobile phase illelf. If a IOIw:nt is UIed In wbkb the -1Jte is __
soluble. componen.. of the eIltl'lIet may P"'" ipi.atr when alIllllCt is made
with the mobile phase. To elimina.,. panirnAte maIter. inIIaD an in-line
5 pm filter between the pump and the vahe. and filter any C&tI.... tblIl
blne visible particulate material or are doudy or ClfI8I-L

• If Nochge oa:un, locate it and b8cl. fIIIIh the bIodied F F:~
aembIe the vahe and sonica.,. the bIo<ted put In .." waIa". rinIe In
dear waIa". and blow the F gr: deal' with wmpt t II air; 01' replace
the b1oc:ked tubing. Rewm bIo<ted wha tblIl cannot be deand in the
labonrory for reconditioning by the manufacturer.

• To minimip rotor IClIlwear. pic.ent abulll" partida frmn enlledng the
vahe • described ahow:. and do not aDow hulfered 01' CXIITUIiK m0h01r
phases to remain in the vahe for extended paiodll of dme without fIuIb.
mg.

• Do not operate ahow: the~ Bmlt of the vahe (-ny 11500-7000
piii) or Ieabge may occur. Operate at the kMat pew!bIe pi t ,n: to
reduce rotor IClIl wear.

• VIC fthes tblIl are~ of..-eriall .......pedNe with C&tI.... and
mobile phase componen... In addlricm to the muaI fthes CIlIIIIIJ1ICted
from ItainIaa IItee1 with a polymeric rotor. Ipecia1o:y fthes made from
more Inert materiaJI are commerdally-"aNe

• Mainlain a good IUJlPIy ofopere pans, .., .• dead~ R"h.. fenuIa,
and roton. It is hat to ItOCl h8ctup fthes in caoe repm cannot be clone
in the Iahontory and retum of a malfunaioning vahe to the _UI'lK--
turer is nec 17.

• EDgraw: an idendliauion number on each vahe. and keep a log IaCIIdJook
to monitor the hiItory of UIC and repain.

• Do not ovcnighten vahe fitlinp. Ow:rtIgbtenlng can caDIC lab 01' dam
age to the vahe body.

• To mlnimbe dead wIume m d pak hro8d......... UIC «'CMUJeC'!lng ......
hc:tM:en the injection whe and the oolumn, and the mhmm and the
detector. tblIl is • whort • pew!bIe and hal a .....n ill See tblIl whe
tohing is Itnight and hal a papendirnLulJ &at end tblIl is aeaIed ....dy
inIide the port in the whe body. Do not allow mecaI picas furmed in the
tnIJe.cuulng pl'OCClll to enter the vahe body.

• Identify CI'OIIpOIt Ieab byoWningmobile phaIe ClbCiging frmn a Te80D
eDt line when the vahe is in the load or run poIIiIion.

FJafa8008S

[I) Niemann.1lA. (1995)J. AlMC1IIt, '11, 1~1368

[2) Wojtowicz, £.j. (Feb. 1992) -uPLC PJuoromeuic: AnaIJ* of BeuoaiJI and
ThiabendamieinVariouaAgriculturalCoili",.odlriel,-LlB!l6!iO.mA.Rocbille.
MD
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605: DET'ECl1:IIS

The fundion ofan HPLC deteCtOr is to continuouslyaDd inl'anWleClUlly IIlODiblr
the mobile phase emerging from the column. The output of die daeauI iI aD
electrical aigual that rauka from.-uiDg.mae propeaty of die mobile ph8Ie
and/or the aualytea. Appliadion ofHPLC to uace residue detambwion iI depcn
deat on the availability ofpdlideutlyspedfic aDd lIeDIIithe dekaon. The C'."""OJI
HPLC rdiactive index (RI) detee:tors are nOtlldeahe and requite mlaogtam
quanddes of auaJyte. 80 were Deter adequate.

The UV/VIS abeorb8IIce and fIuoresceuce deteaoc. are now:::=IIJIIIUed to
peoridde residue determinatiou, hH.,.metboda res z:h hal nsul in IChemeI
that udIIze their capabiUdes wbiJe mercomIDg their JimimioN Other cIeteaon
avaJIabIe for HPLC include photoeoDduai¥il.y, electtocbemical, and _ apedI....
metric; pubIiIbed applicatioua to residue detenDin-don inaeae cadi year. Ule of
combined detection sptemlls also increaaiDg, "g~ the cmnbiDadou of UV aJImr>.
bance and electrochemical det«don.

The fOllowing are impommt cbanacriIIla of HPLC dea:aon:

Set.II'\l). Detector RDSiIivlty Is a gauge of the detec:tor'. rc..- (1IigDaI) to !be
presence of iID aualyte.1D HPLC lQJPIic:adoDI, the __ quandlalige _.emeut
iI caJIed minimum deleclabiJity. difined as conceutllllion or aoaIyte that aaa
the detector to produce a respo_ twice that or IIIItrument noiIe.

Minimum deteetabillt.y nfen to detector responae to an lUIlIIyte in pure IOIulion.
"llmit of deb!Cdon" or "limit of delenninalioo: i.e"Cia. lakes Into ""ClO"mt !be
amaomt of Ample el<IrlICt that can be inttoduced to the deu:ctoI' aDd Is ,.n;.n,
dependent OIl the degIee of cleanup provided by the anaz:~=",<_ Sec
dOll 105). IDjecdon 10lume it an impommtpu_in . the limit of
detection or iID HPLC anaIyIiI, hecIuae aqueouae'~=:ed fw HPLC de
tenDination are not eaIi\r concenlnted. Ruaua. am teIeraie .... vol
UJDeII of lOl¥ent without loao of column pafonnance. thus improwiDg deb:<1i-.....
IDjection 1lO1umes up to 100 IlL are DOt un__ fw maIytical HPLC.

I In \l). The linear I'11III" il !he concentration I'11III" mer which relf .'Ie il
di-=tIy related to lIII&Iyte CCIlcentnlllon (i.... a plot o£lelp_ .. ClJDCIeIiInlioo
hal a CODI'aDt sIope).l.inearit¥iI COIiIiIiOIl1y eapt II!d in UDiIs IUCb • 1:10,000 or
10". wbic:h might indJcate a nmge of 10-1t (the minimum ddrcatbIr quantity) to
10- glmL for the UVdc_.
S ' ,....., of .... ! UJJhoera) detecton respond to aD WUipi_" in dac
estnICt, wbiJe speCific (lelecdoe) detee:tors respond to 0ItIy ceal3in CIl>i" __,,m
depending on ibeir SUUdW'e. SeIecdoe deIlOCtUl'I are --n, more ......_ aDd
leal affected by variarione in the mobile ph8Ie.

Ufed of 0, i&J ern .,. Ideally. the dc:tee:tor lIhould DOt be alf«red by
changes in iaIIpCI'8IUI'e or mobile pbaae compoIidoD.

11IIie • T The detcctoMeconIer romNnadou IIhcuId J-=t npidIy 10 that
QUickly eJutlng, narrow pcab can be melaun:d aa:unteJy. The lime COOI'antof!be
detectONeconier. wbidi it ddlned • the time required to readl6S or~ of fnB
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BD5 A: LN/V6 Asst:JRBANa: LE,Ri,U1S

The IDOIt popular HPLC detec:ton an: die &xed lIIld variable -aenpa IN/YJS
types. Fbled wavoelength IN detecton _ often operate at 2M DIll, wbk:h •
useful for molecules with aromatic rinp. c:ubonyI. coqjupled douNe boDdI, lIIld
other IUilable cbromophortL Variable _ueIength cIetectors-nyoperate in the
190-!I8O om I'lUIF with a cIeulerium IIOUi'CC OJ' 190-900 om with a ~caI
mnpten soun:e. Other IUJlPlementaIy Iamp that haI'e been UIed are e Z29 om
cadmium lamp lIIld 214 om zinc lamp.

Variable .at leJIIth deteClOn provide ITftIallllhlm..".. A wider appHr-hl1!ay
lIIld lignific:a:nt inae&le in IeDlitMty often t'TIUIt from~ at~ ill
the 190-2!IO om 1'lUIF' ThiI. due 10 the lIrge molar at.orpdwties oL DmI)' pad
cides in tbiI region. Typically. aromatic SJlItemI blnoe a 1060 times ~
!lance atl!14 and Z29 om than at 2M om. Dill'aent peab in the ~"i'am
can be detected at difFerent optimum WDe!engtbI.

Very pure IIOhenll, including water. tDUlIt be UIed 10 avoid noiaT and .m-Ne
baselines at the lower wnelengtbs. Ina I CII aeIec:tivity for patidtIa with ar0
matic lIIld certain other functional~ can be obtained by mc.'rIng atloDFJ
waveIengtba such • 280 or Z95 om. ThiI gi9ca die ana1yIt the ability 10 -edit out-
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IIClI1e ddIeaioD. mould be at Jeaa in die U:().5 ICC tmF for bigh ..-cI HPLC
and IIlIITOW peab. Modem inlttumcnlB an; capaNe allOlpOiiR in the lJIiIIjoN;opd
1'lUIF.

eenV", T Detector ClT1l1'Olume IbouJd be m1nimhed 10 limit pat b..~
and maziJni7C' efIklency. A cen wlume al8 J&1. • lYPiaI. with wmaIJeT wiota for
miao-HPLC. The wlume of -ooated cubiDg moWd abo be minlmbed How
eftI'. as the wlume of the detector een decrClleI.leDlidviq aldetection • po«U.
Detector daign mould eJjminatr dead comers in the een from which die maJ,le
• not quickly wuhed by die mobile phase,

Nolle ... Drift. Baleline noile. as itldv:-'.e7 wtiadotM in die rec:onIcr IipaI
with no sample in the detector een. • mwtIy by die eIectnJaia of die
detector. recorder. OJ' amplifier. Addilional IICJUn:TI inc:Iude die moIJiIe phase
(bubbles, cbangea in flow rate OJ' preIIUl'T, leab, 1mpuriIita) _lIIld~
fbICtnadoDL To reduce the chance for bubble funnadon from~ ....
bile pbale in die detector een. modern detec:ton Include a bKt.. U'eleaaiclJK.

Pmeline drift IDIIJ oa:ur when the HPLC .,.acm • fInt teuned on. U'drift jITi • 1
after wannup. it • _1IleIY due 10 cbangea in mobile phase c.......rioa. leab,
.cn·peracure variationI, column bleed, or a JlI8_~ in die deleClOr eel. P line
drift can abo be ""..... by IIow elution of bigbJy retained mmpoa'CDlB "It OIl die
column from pre'Vi0Ul samples.

!IT.... Ii ric An anaIyte can be collected for funber cbal.aaa· rioa if ilB
chemical furm • not changed by the detector. IN lIIld ftnor_.oe deteaon an:
eDIIIples of nondestJuc:the deIecton, wbiIe die e1ec:trochemica lIIld pbotoo:....
ductivity deteetorll are cIestJuctM:.

ltugedneIs. reJiabo1i,. and CIIC of_. main_ceo and repair an: abo impoI'
laDt qualities 10 ITek m HPLC c1eteeton.
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Then: an: -..al types offiud waft1eng1h TN detecton dw difI"er m8inIy in the
output of the soun:e. One type baa a )ow pr!" JI'e men:ury lamp soun:e dwemi.
a sharp line specaum. A IDler paMe& the prindpal254 DJD line aDd ICIIlO ,eo: other
-uer lines. A lICCOnd type baa
a modified m;enmr lamp with a
phClllphor aDd provides 0UlpUI81
254 or 280 DIP. A thinI type _
ploys a medium prasure JDeI'o
auy lamp and band p-. fiken
10 _1aIe emission linea 81 220.
254, 280. SIS. 5M, or !165 DIP.

p *.Iw~ MBnlIII Vol. I

UIlWlIDted peaks. 1bia approKh. howe_. may lead 10 _ Jc. in kbIIiIMty if
measwement or the analyte caDDOt be made 81 ill~ of _.I"um ......
hance. An additional advan. of a specttophOlOlllellil>typ detector is dw WI
known componenll can be identified by Iiopping the mobile pbaIe flow aDd
scanning the fuI TNIV IS speUium of the component ttapped in the mnpJe ceD
(lIIOp4Jow scanning).

F1gure &Ok shows a diagJam of
the IiIlbt path aDd liquid flow
path lor a double-beam fixed
waftlength TN/VIS deteclOr.
Ught from the soun:e is focuIcd
by a quartz lens onlO lIlIIDJIle aDd
1t:lUena cells. Co1umn efIIuent
nc- continuomly dm>ugh the
Ample side (top). wbiIe the ret=
en:nce side (bottom) is mIed
wilhpuremobilephaseorair.A ~ ......," ,af.-Wl!lJ"""'•.""
_length of absorption is chOo ...,... V.R 11_- HluflRo"" lJfPlI
sen by the ffiter. After paning QaDi u.... f9n5.5,_IIII.J

through the mter. the radiation
is chopped by a rowing sector
so dw alternating pu1ses filii on the de__ (double beam in dme). The ..
ence ofabsoJbing analyte in the Ample ceD deCI"I. e. the inteality of the ainpIe
beam relaUve 10 the melence beam. The difl"erence in sipaI behU eo the bio
beanw, which Icpr_1S the lIhIorbance of the analyte. is amplified aDd lecordecL

In an a1temalige detector design. the ample aDd refamce radJation faD 011 bio
photodeteeron wb~ 0UIpUlB PB- tbrouRb p........mpIifien 10 a log CllIFIIpaE8IIIE•
which prodnc:es the absorbulce signa1. Double-beam design cornpenAlrs for
c:han8fS in IOUI'ce oulpUt aDd photomultiplier cnbe response.

Detector cells are typically 1 mm id with a 10 mm oplicaI pub, 01' apprnd,,_,", 8
11.1. wlume. The mort common design. are the IkeII, z.ceu. and the FapCftd ceD.
The latter design minbpjps the effecaof cbanaing mobile phase RI, • can 0CClIJ'
during gradient elution.
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The second~.r UV/VIS detector Is the coatinUOUlly ftril:hIe we " ... lJpe
(FIgure fi05.b). • t from a coatlnuous deuterium eoorc:e (01' lj,,:ptes: euan:e-fbr
the visible region Is focused on the entmaee lilt of a paling 1SIOIlCId:n......,
which dilpeJleII it into ill component -.eJengtbs. The moaodu'I'·"- Ji&bt emeqr
. through the em lilt Is divided into Ie and ulmdKC bamI by. beam
;laer or chopper. The detector = 71.:':C difl"erence in aboosb8nc:e bel en
the lIlUDple and refaeac:e.

VIriIIbIe W., ' ..UV Bet•• II

~"".... i ; .~EII8lIIIr8allnDap.pn '.4 ..... Ftar-.CF.....~S.A.11_Ja. $SU,
IftGIfDetJIOla. S ....... F9nI5.8A. ...377.)

.....-.
V8IWbIe V.IIJdll ...... W/VII D • I

Maaada=,a:-

Many IOhenlU ahIorb IIlongly in the UV and rannot be mal in CIeI'tIIin .......1
regicma.lt Is importsnt to c:booIe IOhenlU that are lnUiipUeutal the " k:ntPb(I)
being med. For e i8"lJde. carbon tettadIloride. 1Jemer:e. and _ rannot be
uaed at 254 nm beon_ they abeorb too=HCIIIIIle. chiOU_1m, metbmoI,
and _ are trliDIpUeDt at 254 nm and • wide range of__t ..eDBth
for preparing mobile ph; I The choice of IOhenlU with UV n ..."" <220 nm Is
quite limited

The UV detector Islelllilhe to 10- to 10-" g/mL of many CODIJd""da II" a
wide linear range and Is relathdy inlelllilhe to -n c:IIanga in flow 01' bid
pressure. although at the deteaion limit the detector 1sgeIY lelllilhe to c:IIanga in
temperature. Detection Is limited to cOIIIJoounda that abeorb ill the~ __
length.
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Gradient elution is poIIIible provided the IOhmIl do not ahIorb. At ftIY IeIIIidve
settings, c:IuuIges in lU, as an,,", by gradient elution or P II'e and flow chulel,
can produce baseline Ibifta with lOme typeI ofdetec:t« celli.

The fixed wavdength detec:t« is 1eII geIIlIdIe but is much 1eII ell'C'"4w: and
often gives 1eII noise than the c:ontinuoully YUiabIe -JeDath T:";tIClfIhoCI-t
ric detector. As menlioned above, the gmat advmlaF of the wriabIe -Jenstb
detector is the ability to optimjp ItSIIitivity and!or selectivity for each ... by
detection at the _ favonb1e -..elength.

Multi- loa H .. or I"botodIodeAnay1IMa ....

In a photodiode array detector, polydIromIuic radiation II .-ct tbnJucb the
detector flow e:en. and emeJIing radiation II diI1iacted by a grating eo that it &III
on an array of photodiode. Each diode receives a ditfermt narrow Aau Jensdl
band. The complete array of diodeI is acanned by a~many cimes a
second. The reauIting ..-ua may he diIpIayed on a CIIIhode 111)' tube monitor
and/or ItOred in the instrument for tnIIIIfer to a reconIcr or printer. The ddeaoI
is belt nIed in conjunction with a computeri%ed data II8don, which allow vuioul
J-KUIl manipuIationI, IllCh • idenl1ty coDfirmation by c:ompuiIon of ..-u.
with a library ofltandard IpeCtr& recalJed from ::.=. Detecrio'll can he
made at a lingle waw:leagth or at a numher of ~, or
wavdength c:IuuIges can he programmed to occur at lpedfted poinll dwiDg the
run. AbIorbance ratios at selected wawdengthl (e.g., 254 and 280 DID) can he
diIpIayed for each peak, wbich aida in determining identity and the pc:aenc:.e of
UIII'eIOhed componenlS.

Aft!&·......
The UV detector has been the _ widely nIed for peI'id+ Jaidue dt.urmina
don. Section 404 lIIeI UV and flllo.. kence deteaon to determine bend"'..........
resid--. whereas other refaeDCeI deIcrilhe oombin.tionI of UV and~
ductivity [1-5]; the photodiode array is applk:able to determining .-aquat and
diquat [4].

PiClt
, J Ve',.. •• eo, ...TaG .' r .1,.

Air bubbles in UV flow cdII can produce • acrieI of ftIY fait DOiIe IpibI OIl the
c:broma'..... or pronounced baseline drift. Falsely hip abIoihaDce readi...
can he canIed by impure or improperly prepued mobi1e pbaIe, Jarae air bubbles
in the flow e:en. a misafign-:d flow e:en. or dirty end wiDdcMI. c.1JUbIJIeI cIneJop
in the detector ceD too a._ they are P\IIIIIled thrcIup the IJIWD 01' the IOhmt II
deg lied in the detector. Prew:nt buIib1eI-from being pnmped duough the IJIWD
by eJimjnatiDg IJIWD leab, espeBing air from the pnmping IIJIfaII, -*'ingftIY
wIatiJe aolgeDtI, and not stirring the mobileJ::: u ....oir too~. Pre
¥eDt IOhent cleR-inK in the IlUIIJIIe cell by;"g the mobi1e pbaIe JIric:'r to
use. If the cell has DOb.ck pn&UI'e Yahoe. raise cells=above 8IIDOIIpberiC by
arrpcbiDg ~O' spiralltee1 or Teflon tubing to the oudet to act • a flow
iCIIrictor, and pladng the tubing oudet above the detector. The tubing ID1IIt DOt
lIhut off flow completely. as too gmat a piCIIUiC incuase could Ibatter the cell
windowI.
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Proo:ct the detector from temperaJUre fluaualioDI by phriog the .,.. ..,
from direct .nolight and drafts, and regularly mooltor flOw nte and .. m: ..
change.

To dIMohe pi bubbla lodged in the cell, bridly inaaR cell J.ck .. ! "e by
holding a piece of rubber septum over the detector outlet or by mgnecting a
syringe to the outlet. With aqueous~ it may be Dec: '1 to fiB the cell with
methanol and repeat appHc:aIion ofJ.ck Jll 31 we.

Detector respoDoe can drop,because dirt in the eeD or a .... IOIII'Ce 1lIIop10"....
the leoel of radiadon~ the photocen. Some deu:cton hage a meta" dial
alkMs easy detmDioaJioll of Ught levd. If it is low. clean the detector or c:baoge
the source lamp. (Awid eye damage by not~ the.lip\ directly.) Coo-JIt
the detector maonal for the proper procedure for c:lIaDgiog the lamp and delm
iog the cell. The aw:rage life of a 254 om lamp is appmcl",ately 5OiIO hr. but it
should be replaced as lIOOIl as aging begioJ to cause oipjfiam\ intelllity dJaoaa.
Some eel1J can be IlIkeo apan, the opIical componeolS cleaned with a IUiIlihle
sohent and dried, and the cell re _ mNcd. Othen cannot be rakeD apart and are
cleaned by flushing the a:l1J with a aeries of lOheou deIhered from a 50 ........
syringe. "g., acetone. 6 M nitric IICid, c!jpIIJed water. and-eo then dryiag with
a flow of clean, dry niJrogell before ttCODiIeaion to the CIOlumo. If _ <y.
allow 6 M nitric add to I1aIld in the cell ovemight. To lenMHe JI8i1idet .
efl'cclhely. draw nitric add through the cell with a syringe in a directiclo oppowile
to the normal flow.

F1gure li05< is a sc:bematic: diagram of a
simple filter fluorometer detector. Light
from a mercury lamp~ through a fil.
ter dial selecla the excitadem w.neIeogth.
An intelference filter providiug a l()·to om

DeuctorD ip

FtuOleac:eo.:e detecton provide two to three orden of.....itl,de_1CDIiJivily
than UV deteeJioo. Selectivity is also ca:elleot because of the choke of czd!a1ion
and emilsion w.neIengthl and the fact dial only a anall &action of... 0."..·11....
naruraIly fluon:Ke.

The ?Pt: type of instnuoentalioo is a ..... ...,
fiud~8uor'ometerwith-wlJ- A HPU: DCIII'...
filten for both excitation and emilsioo.
More comenient and~ fluoromet.
ric detecton can operate at variable __
leogtha. These are equipped with mooo
chromatol'll to oelect exdladl)O and emilt
sion wavelengths. MOlt compounds dial
ftuoreIa: DaturaIIy hage a ripI. planar COIl

jugated cyclic Itrue:ture. Noulluorescent
compounds c:aa be detected if they are fint
con-.ated to Ouoracent compounds by ._
pre- and poIt-COlumo deri¥atization. _ ...
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baDdpaIs is commooly~ Letua focus the radiation on the -mpJe e:en. which
contains the flowing column eftJuent. IfOu_t compounds are i*ea:nt. lhey
absorb the incident radiation and re-emit at a longer wave1eDBtb-

Although it is emiurd in aU directiotll, the rc-emiued or fluoracent Ji&bt is~
IIlClIIIUred at a right angle 10 the ctin:ction of the incident Ji&bt. A 1Iei ••!oiI fiItcr
isolates a IlUilllble wavelength from the fIuoracenc:e spectnan and n;jecla any
ICllltend ac:iting radiation from the lIOUl'a:. A lens roc:..es the emiard Ji&bt on a
photomultiplier wbe.

The second fiItcr can be a bandJ- filter for 1CIet:dvilJ. or a CUlIIft" filter tor
greater sensitivity.

The right angle measurement daign aIlowI monitnrinR of the inc:ideDt beam •
_n as the emiurd Ji&bt, 10 that dual UV absorptinn and flucJs-..:encr deteaion is
pe-iNe with some commercial detecton. A more common arrangement is to
place a separate UV detector in tandem with a Ouoracence detec:tor 10 check the
re\iability of the Ouoracence m!.'lrements, apedaUy at low IeweIa of quantita
lion.

Other more lOphistkarcd fluoI'eIcence detec:tors _ gradng monodu••"'''n t.
&tad of filteIII and are termed continUOUl wavelengtb ~u8oorometric ~
ton. These usually hlIVIC either a deuterium (190-400 nm or _ (200-850 nm)
an: 1OUIa:. Because these IOUJ'CelI are more IJmsa1Jle thatJ a merauy djlcbUF
1OUIa:, detector design is often modified 10 conec:t tor OumwtiCJn. in IOUIa:
inteDlity by splitting off a portion of the ac:iting Ji&bt 10 a n£:tence detec:tor.
Variable windength deteeton hlIVIC the advan~ofal10wing low_~ad
tation, which is neee-3"Y for lOme naturally ffuoracent compoundtt as in
doles and eateehoIatninea.

Fluorescence deteeton that _ a laser as the ac:itation IIOUn:e are beiDg IbMtird
The intensity of Jasen is about 10' higher thatJ that of c:ouveutional --ea,
proriding a 16-100 fold improvement in detection= _oflasen can
reduce Itray light, bec:aIIIe their ndjation isen~ticand coherent
and the beam has a IIIIlI1l era. KCtion and is n J r.~ pn:8CDt, the _ of
Jasen • detector sources is limited by their high CC8t aDd reIlIIm:Iy narrow I1IIJIC
oflM'iJaNe ac:itation waweIengtbL

The intensity of ftuorescence ill aIfec:ted by the (:(I!I"I....tiCJn of the JMhiIe ph.e
and thepraen~of• Quenching can oa:ur 1ritb halide ioaI, water and
other strong h • IOlvents, and butren. High leiUiEranue and~
gen in the mobile can a1IO induce quenc:hing. Compounds that fIucJs-..:e in
organic IOlvenlll may show a shift in intinaity and Ouoracence ma,liliuiIi _
length with change in solvent polarity.

Perf__a-Wd&iIIda

Sen8itivity is greater tor OoorEiC euce 1JeamR the IIgnaI ill m D'ed dbeal)'.Iu.
a dark badground, and sianaI intensity can be Ina cd by an inaease in IOUIa:
inteDlity. The sensitivity ofOuoracence deteeton is in the rmae of1-:=
for favorable compounds IlecaIDe both the exrisadrnJ and detected
can be varied, seleaiYity is high for Ouoracence detection. The linear rmae ill

11••,_NlLIM-1 (V841 .......7
......RlIl_1IVII!I ..........
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generaDy two or three orden of l!IlIIP'inJde at low c:oncaIII'alioD where ......
banc:e is <.0.05. At higher conc:enttation 1cveII, the linear raDF ClIJl be wry -n.

Par- ,..... A4- 4*

Oplimum wadengtbI for fIuoRw ence deteaion are choeeD by=n~D8IJIc
e:u:iwion and emisIion apecaa with a fIuoJ:aa:nc:eapeca~~ or_
compounds, e:u:iwion and emiIIlon apec:ua are m::=dial more or 
overlap at longer e:u:italion and IIhorter em' •on Wbeo e:u:iwion
and emislion mui!lll! are dOlle together. oprimlzarion of f1uclI'ac:enc:e delediii'
monochromator seuinp is aitical for achieving mazimaJ ene.'oo 0UlplIt wbile
avoiding Iight«aDaiDg efrec:1s due 10 the _lap. Careful choice of rrlrion
waftIength and slit width bued~ c:baractcriItic is WI ., for" maxi
mum IeJllithity•• wdl. for con • background noise If8uorac:eDt bnpwi
tia are present in the injected emact [ ].

AppA.,....

Clean the c:eD COP'IH'tment with chromic add (or equivalent) cJeaning ........
~ by thOl'OlJlb rinsing with dDute niaic ada and _. A1J owemJabt
ooVing in chromic add cleaning solution may be nee " 101_ItDbbom
impurities.

SD5 C: ELECII'£CICMK:AL LEIa:ltHS

Eleclrocbc:nricaJ (ECh) detecton indnde the condncthrity ddcaloI" Col' the deteI'
minadon of ionic anaIytea and amperometric, c:ouIomebk, and~
detecton for anaIytea with 0lddiIable or redIJdbIe 'bnctional poUpa. The-tint
E01 delI:CIIJI' for HPLC wedpo~.but ""'-_ use of dIis nIode lIDday ill
iJlfftquent, itwiD not be diso ed in this cbapter. 1he _ widely wed type is the
thin • amperometric: delediii' UIing a .., ClIIbon elec:aodc. or; leal r
quendy. a gold P!IIl!lgam or ClIIbon paste ekctrOde. wbicb ClIJl pCHide IeIIIidw:
8nd seleahe detenninprion of COIIiJIOUOOs with appmpriate IItIULtllldo

E01 deteaion ClIJl be wed with JeWUIe pbMe (IlP) robllD- IwN ae• of the bi)dl
poJarity of RP mobile plmes For the cIetec!OI 10 function popaly. the moIIDe
phase mUlt JlOIIe8I gnod eIedric:aI conductivity. Salt or buIfer at a c:onc:enbadoo
of 0.05 M is often wed 10 provide the &eqUired ionic: 1ItIength. The ddcaloI" ill
impnctic:al for normal phase (NP) HPLC, and ItP iIJ8leiDi with high modifier
conc:entratiollll may also came probIeDa.

E01 detection .. been applied 10 the HPLC deteM-rion ofphenols. am"-.
men::apt8Dl, haJoFn c:ompoundI. keJOnea, aJdehJdca. and niIroamnwia It is
suitable for quantitation of various pestIdde eI-. such • cIinitroaniJine.

Tc rLd ........1 nllMl---......

"
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bipyridinium, triazine. andph:cheiUOta; niIrophenyl, cIiDiIrophenol. all'
hamate. and organopholphorus:ada; and azomethine IDaec:dcides and tim
giddes. Any pesticide that producelan e1ec:troeaive mmpouDd (phenol, .........
amine. aromatic nitro colllpClUJldl) on mebIbolillm or deco"'1••ili«m. IUd1 •
carbamatcs, un:as, anilides, *-. can potentially be dewmiDed UIiDg the Eal
detector.

Condr+ dvhJ Detei:....

Conductivity detecton m are the CODdllC1ance (n:c:ipnxaI 011 "8tJCle) 01 the
effluent, which is proportional to ionic lIII8l)'Ie CODa:DU'8Iion If the cdI is lIni1abIy
designed. They are UIUlIIIy 1.-1 to detect inorpnic: or orpnic: iona lifter IepIIla'
lion by ion acbangw: or ion~hy.SiDc:e thae IIIOda oIHPLC employ
mobile I!" es with~==c:es,it • nee, to incorporaIe a c:hemkal or
electronic means of elim.--I the conductance 01 the~ phMe befOre the
lIII8l)'Ie can be mC'lllllJ'ed seIIIitndy and aa:urateIy with a c:ooduaivity deteaor.
Typic:aJ deteetorll~ a a:Il with a unaIl (2 pL) aethe 'VOlume. • '1II!pCIlIed 01
insulating material, into which graphite or noble metal eJecIJoda are implanted.

A constant altemating 'VOl.. is appHed to the eIec:lrodes, and conduaance is
mC'lllllJ'ed with an appropriaJe c:irant, sud! • a WhealltOJle bridge. Since COJIdur
tivity is highly temperature dependent, a means for automatic: le"'l0alUJ'e oom
pensariom is UIUlIIIy included.

Ampeawnetlk .... CouIoaJetrk D 7 I••

Eal detec:tors are _ often amperometric or ooulomeaic deteeton that __
sure mrrent a.oriated with the oxjdation or redJJCtion 01 auIyIa. Qddation is
canied out at an anode bearing a pomthoe potential, and redJJCtion at a •al'HJde
having a negathoe potential. Dill"eIent compounds require unique poIaJtiaIs for
thae eIectrochetnical reactions to occur. The mrrent produced by the eJecIJode
reaction is m ared in a Bow a:Il at the column oudet. Detector Ie1ec:thity and
sensilMty are c:banged by vuying the potential 01 the elecuode.

The UR 01electrochemical reduction • an HPLC detection method is iwpsadcal
because -18eD is easily reduced, and it is diffic:ult to lemote _ygen •,ul,!IeuiJy
from the mobile ph.e. Most ECI detector appliaodons are. Jheiefore. '-ed on
oxjdati9n. Mobilep~ that wort best are aqueous/orpnic: milttura with lidded
salts or bufren.

The CXIUIomeuic 1ftleoIEal deteaor n:KtI aD oIthe elccaea:the lIII8l)'Ie p big
through it, yieldhig a higher current for the eJecuoaaiwe specia than the
amperometric detector. 80we_. bwdground nolle is also greaIleJ'. 10 it is not
more sensithoe. The c:ou1ometric detector is insensithoe to flow rate and len,_
ture changes, and, IW: the GLC microcouIometric deteetol". it lapondS in an
abIOIute manner. eliminating the need for calibration. 80WCiC. it is more J!I'OI!C
to electrode contaJnination and must be desianed to provide strict potential
control over the endre eIecbode area. The coulometric lJpC 01 Eal detector is
much less popular than the amperometric lJpC.

The amperometric: Eat detector _ a unaIler eIectrode -Jd'ace and n:KtI oaIy
alJout 1-10$ of the e1eetrolu:tite lIII8l)'Ie. 10 that _ of the lIII8l)'Ie __ the
detector cdI 1IDchanged. SmaII aments in the IIllD08IIIperC range are pI' ..... ed.

6059
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In penI. Eat ddeccion often beuet oeusilivilJ and &ekcdvIt, dulII the uv
deteclOl for~e re.idue determinadon. Ddecdoa Iimilli liR s-enJIr at
picogram levda, .m- for the UV del«tor.~ IimiIa are. at belt, low
~~ On the ocher band, the UV detec:lor hal gmIIer Ioug ilmD
liability and is easier to __ on an~ J.II.

DetecUlI" operation and IleDlilivity liR aidcally cIepe.wlent 011 flow rate ••E'._'<)'.
IOIulioD pH. ionic: streDgth, 1eIDpeI'abU'e. cdl gt:OIIlCUy. CIODditioa « the e1ec
trode iWfia. and the praence or decboatliwe Impurida (&6-. diIIohed G&JiCD,
ha!ides, uace metaII). The detector CliDIlot be used with flow or IOlftnt prop_
mJng if these cbaDp af£ect the blldbe. and waitiD& periodlI« ~O miD an:
required for varWimis in c:ondidoDJ IUCh II ftow I'lIte, 8ppIicd~ at' iDOODe
phase. or for iuidallllU1Up each day; Both mea ec1 flow rare and an mcre.e in
the volume «injcaed _act deu I deII:Clion M!IIlIidvity.
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AD ECh detector was UIlId for oyjdathe defec:tioa of couIometriaDy red1M ed
organoDitto pesridd.... lIeJl8I1W!d by ItP HPLC [6]. J'eIdcida wen:.eparaIed on a
C8 bonded column and monitored indirectly by means of a ~.J.,.hite
coulometric: detector. The organonitto=cJll wen: in the
guard cell of the detector. and the reduction wen: 1hcn deteaed. by
electroebemical om_lion. A~ . 1_ gradient with (....MDt
eIectrolyre coneentralion could be UIlId without occurrence ofa slgnHkant b 6nc
change. The cell required periodic cleaning with dilute nitric acid and IOdium
hJdroxide solutions to eliminate negathe peaks.

HPLC with ECh detection ... also UIlId to detenniDe 0.01.0.02 ppm ethylene
thiowea (E'IU) in foods by a reviled official ADAC method [7. 8]:The prepued
emact was chromatographed on a graphitized carbon column with acetooitriIel
aqueous 0.1 M phosphoric acidI- (5:25:70) mobile phase, 8Ild the eluted
ETU _ deream by using an lIIIIpelOIIIetr ECh detector ba9ing a goIdIwacwy
working e1ectrode.

sa; D: PH:TrfXXN](XJTMLE,IL1lJ1S

The photoconductivity detector (PCD) Is aeauidve and IeIedhe for orpnic ......
gen. sulfur. and IIitrogl:n colJlP01lDCis that form IItrOIIg. IIlIbIe ions upon pItocoIr-
sis. The eftIuent Is split as it Ieaw:s the cohunn; one-baIC Is .-t through the
refeten.::e ceD of. conductivity detector and the other half Is inwIlpted with 214
or 254 nm UV light. Snitpb)e anaIyta become Ionired. 8Ild the raulting mocIuo-
tance Is measured by the detector. Operation of the PCD requba an ion es
change rain to purify the mobile phase and lower b8c:qrouncI c:iondoclhity. Bocb
ItP and NP(n~) .yaems haw: been 1Jied with the PCD. but !he fOl'Dlel"
an: more commonly UIlId for pesridde determinarion and wiD be emph..... in
this section.

Ap,.,.
pnNicaoons [9. 10] deIc:riblDg applications of a PCD to~ residue ddami
narion~ a lIJIIfml with a~~.loop iqjeaor or _-"'.'".
fon:ed dnift column _. variable detector in anclem ahead of
the PCD. dual reconIen, • daa .,.em for peak integradoa. and CI8 and c:yano
bonded columns. A flow splitter _ Plljusted to Klge equal flow rue of ooJumn
eftIuent through the analytical and refeten.::e celis of dte detector. Balance of
flows through the .reference and lIIIlIIyticaIlOOJlIls fedIIta'rd by a melltling whie
in the solvent line aiting from the reference con...._t of the CIllIIIIuctiviI
ceD. ThIs 8pIIIII'lItUi. or an equivalent system, wiD be _1I,oed in this secrion.

Perfw'Iwsee aw.eaes.......
The fuIIowing pedOrmance cbaracterisda haw: been deIltImIned by smdks of a
PCJ>.UV detector lIJIIfml for residue determination.

M..... I"-e "'*4 ...... OptImum sensiliYi1J and IIlIbIe b • )Ina are lICbieftd
when the mobile phase has a minimal ionic badground c:oneenlrlllion. Dein
rion of the mobile phase solvenli, either individuallyor as a JDimue.1s carried out

~11
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Taapa' e CoatnIL More IICIIIithe lIIId COO,I"HI( deleClioo _ obc!IIned whea
the column, photolylia reacdon chamber. conduaMly cella, lIIId _arlaJed~:1= an mainJained at a cooocm(, deYated teDlI_ (!15-40' C) witbiD a

CM:n.

Pi ... The PCD II w:ry IIHIIiJhe to pa tIL ur e fh......adooa Tboc.... DMJhOe
phMe ,iegz illg lIIId IUheequent pde IJI8IIing with helium help 1118iD1IIiD IllIhIe
pnmping praIUlC. Ule of gradient elution -is limited by pa lie .....iaflo.. that
oc:cur • the mobile p~ colllpOllition changes, leading to elI( 'oe t line
shift, espec:iaIIy in hip senaidm.y applications.

..........., of aMP' • ImpaUted ~lIdbUiIJ _1hoIm to RIlIIt from
complete pnific:ation of the mobilep~ by ion ....m.. reIin beamoent lIIId,
to a 1aIcr degree. temperature conb01.

NP (N.........) Sol' I Opel...... The pncdatI appIkalion ofthe PCD to NP
HPLC is limited by the low poIarilJ ofthe mobile phases~1biI rauIIs in poor
ion mobility and poor charge b'lIIIIfer in the conduaiftty c:dI and thns iiIheN:ly
afFeclB peak Ibape lIIId respome. Some1IIOlkers have atJained IIdequare .......ily_
good J'C'IflOIIIe by adding acetic add or other JIO'!u:: or ioDIc modiIien to -.que
OUI mobile phaIa, but this appauach II limited by the increaIe in ~oUnrl
IlOiIe the added compounds can came. :It.educed IJKk&round CflIIductioIily and
diminilbed need for purification by de4onization are ......... of the __ of
certain nonaqueoua IOhenIL

0Wce of III '.he W., ' ..... In amaaJ. the 2M om meum, lamp ..CHides
greater detection IHIIitivily than the 21. om zinc lamp. Howe",. iCijM* can be
impUted for ceIJain colllJlOUi!ds if the zinc lamp II .,lwtjrgted for the WHew,
lamp. Gn:ater stability is HIIIJI'ed if the detector. including the lamp. is left em. at
an times.

S • I...." Sf' dorltj, .... It 11). The PCD can derect low ug IeveIII of...,
p""'M We. and _ found to be linear from 1-100ng iIgectled. .w.. aIlquoa are
lJpicaIly 5 J1l. conJaining 1-20 ng peoddde UV derectioD lJpicaIly lIbows more
background inle1faHlca from aop eIlIilIClI than the PCD. indiadng mperior
selectivilJ for the PCD. Became the PCD is _ CXJI''I" lIIId IHIIiJhe to varia
tions in S)'ItHD conditions (1.6~ de-ionIzaIion and d I 'Ilg of DMJhOe ph ~.

temperature. pumping fIuauations). it IIhouId be operated wiIh a tandem UV
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dereaor to monitor the chromatograpbic aystem and aid in the diapoIisof_
lies.

..............
The PCD baa been included in -m metbodl tOI'.-..¥ raidueI [1-3, 10].
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Mall spectrometric (MS) cletermiJwion can ~ cWini«he' JIIO'idinI infonnat'-oa
on aDlI1yte relallion and concentration while IIJDl!!IneouIIy ClOJIfirmiDg ita idat
tity. lDterpretation of _ spectra permill detenDiDation of moira- -.
empirical formula, lIlJ'lIIIgeIIIet of molecular coDJtitueDII, and, u1timarely, ..
lecular identity.

SuCC"Pful we of MS as a c:hroJDlltoBl1lphk detector requireI introdllction of~
umD efIIueot to the MS without breUIDg the YlICUUJIl in wIdc:h the detector opel'
ala. This llIIIt is now eaaiIy accompIiIIted for GLCMS, but aptema tOI' vapodziDj[
or otherwise eliminating the HPLC mobile pbaIe before introduction to the ad
are lIIill being dewdoped. Numeroua IntediKea and ioDiDIion whniques tOI' HI"LC
MS have been made available, but 10 far no one aystem aenea all oeedL

AD HPLCMS InteJface imoha two..- eftJueDt introducdoa mel aDlI1Jte
ionization. AvaiJabIe efIIueot inlrodllction ledmiques indude IfI1'lIY teeImiq-. In
wIdc:h the analy1e is introduced .. an aeroaoI; direct liquid introdllction, mel
mechankal UlIDI£er, such as the moving belt in1l:ifate. Spny teChniques are _
common; the aeroIOl may be produced through oebuJIndon of the eftlueot uaiog
thermal (••g., Thermoapray), pneumatic (heated nebulizer, particle beam.
Thermabeam). or elec:tioatatic (eIec1Iwpray,loo SpI1lf) PU< I

The panide beam inteJface aetuaIIy comhiDa -mpn- ~a to ii5iiOR~
from the efIIueoL After nebuliDlion, the ppiliing aeroeoI1oIea ill mon: .....
componenll in a deIOlva1ion chamber. SlIlrquently, the remaining aeroeoI is
pumped through a momentum 1IepIII'lItoI", a IeIieI of ekimmen mel 1"10". thIIt
cmat moat of the sohent wpon. The hea9ier analy1e moIrailea then .-into the
MS.

~ apprc.chea to aDlI1yte ionjulion eD1; the comb!natiml of eftlueot~
duction mel ionlzalion _ be COIIlI*ibIe. DIrect 1ordulion of the dlillent oc
CUIlI in '1bermoIpray or eIec1I.....lIf InIeJfaces; YIIpOrizlIIion mel ioniulion occur
simultaoeouaiy. AnOther direct JOiIIDrion tedmJqne. called ... atom bombud
meat, iotUzea the aDlI1yte by bombudiog the elbuent with &lit moving
atoms. ElecuOil impIct ionization can be achieftId if the sohent is ..mcwed~
such as with the panide beam inteJface. 01emicaI ionlzaticm (CI) can be .-cI
without removal oflOMnt, uaiog "fIJamenwm- ThenDlllpi1lf, direct liquid intJo.
duction, or one of -m phr!Oapberic preuwe merokal ionization (APCI) .,.
_ that now csiaL

APCI is a recent and aignIficaot impiM5iiCilt in HPLCMS interfiM:iDg~
APCI is a plOCCIII of ion formation thIIt ocean at atIDilIpberic pile;n;;;;
MS. APCI ion soun:ea are unique mel w:nadIe becall.. they can be ntiJipd with
mOlt of the in1afacea deacribed abo¥e. One unique advan1lll'C ofAPCI aptema ia
that interfacea (&g., elecbwpray, beated nebulDer) can be tadily intm:bmged

T_No. 84-11111141___18IlI2J
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without ventiDg the MS. APCI _ coDlllMllJly pmvI&:s CI ..-aa. but wida ...
clem MS inatlwuenlS (MS/MS). more complelt..-alll iDfonDation is oN-i"aNe.

~="::~~c:"~=:=*":;~i:t"..;
choice of interface to thOle capable of handling the volume; &f.. ICIII. Sfao:t.::
face is funitrd to 200 pL/min. while ThermOlpt'll)' can accept 1 mLlmin.
stability of the llIlll1J'te(l) may aIIo restrict choice of interface. The inll5face _
aIIo be CODlp'Ih"ble wida mobile phase c:ompe-itioD; ..g.. DOmOIIdJc saIlS or bu8en
may clog lOme interfacel, flammable IOlvenlS are generally UJIIIIi!lIbIe. lIDd bJ&h
aqueous content may Inhibit w 1ah1bariml.

Numerous appljcatioD1 of HPLCMS lIMe been puNished, lIDd red.... of dle
applicatioos are available [11. 12]. Rd'eie:Dca to the .... ofpartide bam mterface
[1~15] and to APCI [16, 17] provide informatioD about appIicatioD to p.....;....
residue determinatioD.

The decection propenies of an llIlll1J'te can in many cases be mhuKed by ... CJI'
poRCOJumn c1eriftrimtioD Pie<olumn deri-rimtioD is UIUIII1y canied 0lIt iDde
pendent of the instrument and JlOIl:Q)Jumn deri-rimtioD is UIUIII1y fCIfum1ec1 !D
line. DerivatizaIion IClICtionI have been aurled 0lIt IIlOIdy in conjUDClioa wiIb
Ouorac:ence detectoR, but visible absorption and ECh deuctoil are aIIo 1IIIIdd)'
applied.

...c.oo-n De Ii- D 'v

PoIt<olugm in-line deriYatizatlcm is canied out In a I'eIIClIW Jocated btu:: en Ihe
column and detector. The mobile phase flow is not Interrupted, aItbough it may
be augmented by addition of a IeCODdIliY I01vent to aid the Iaaion or meet
detector requirements. ThIs is~ imponant for ECh cIeu> ...... for wbich
the mobile phase and demarization iCq;rul are .e....nm fully COIIiP8IibIe. Since
the reactor is located del' the column, produaa ofcJerivatimtioD wiIfDCK mll5we

'Dc .......1nJIMI----
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figure 605-e Ihow doemaric repR
IeDtatkmI of three tn- of JlOIl<Ol
umn detccton, the deIigDs of wbidl
are ItI'OngIy influenced by the time
required for the reactkm. In an of
thae dedgnl, conu-oDed ..c>huna of
one 01' more relIFD" are added to
the coJumn eft1uent, fonc-t bymm
ing and Jna1bptkm for a eenain time
period with controlled 'ruII_.
Reagen.. are added at low pmare
using puJIe.free periIlaJtic PJII",

with chromatograc. The de
Jiwtizatkm re"'1lnD not hlnie to
go to completion 01' he -n ddined
if it is reproducible. The reaction
should take place in a l'ealMabie
time, and the relIFDt should not he
detectable under the lame condirionI
• the deriYaIM:. A high concentra
don ofrellFDt ill UIUaIly.-l to mini
mize dilution ef£ecls, and a JIlOCIep.
ately e1eYated 'enipel'8tUre to Ipeed
the reactkm.

•••••

i" ,...,
}----" ,

: :-HIIImo a.h, ,, ,. ,

Figura lIll5e
Pta:ac Cat"llll R • •

1iJ~1UdIr.wctu , (iJ 9&gI.&it8dr_. iii P8cIlIId IBI .-.

iii

In the openlUbu1aror~.-
reactor (i), I' gent is Yia a
mbdng tee into the eft1uent::lain

: IIeJI8IaraI anaIJbs. Thea;;;m: is a mil ofIlain'e-lIleeI
or Tdlon cap1Jary tubing (1.ypkaIIy

0.5 !DID id, 150-600 jlL ..c>1ume), provida the nee " time for the ...........
without lignilicaD~contributing to hand broadening. The combined __are
finally pIIIIed on to the detector. 1biI type of reactor islUilahie for fait (~ about
1 min) derivadzation reactionl, •.g., for determination of amina with
o-pbthalalcfehyde reagenL

The IegIDeIlted _ till-dar reactor (ii) is.-l for I10ftr reactkml (5-110 min).
BubbIeI ofair or a nonmillM"bIe 1iquid are introduced into the _ at filred time
inwvaJI. 'IbiI 1egIDeIl" the column eft1uent into a IIerieI of reac:doD ..c>huna
whc.e me is gtHeined by the cIimeIIIionI of the reactkm tuhe and the frequenc.y
of the bubble inU"Oducdon. Optimal condltkml include -an ~legJ!l",.
introduced at high frequency; liiort, -an id reactkm tubes; and a' flow rate.
1biI type of reactor reduce. "anaIyte diffiIIion and hand broadening. 1"lP''"''"
tation agent is generally remcJVed by a phae lICpII1IlOr priOI' to the detector, but
noise can abo he lUflPIe ed eIectronic:aIIy.

For intermediate Ipeed reac:IioDI (0.5-5 min), pried bed reacbII'I (iii) c'_iIdnac
of a column conlaining a nonpo~ nwerlallUCh • sJ- heads hlnie hem1-L
Reagent is pumped into the flowing eft1uent ItI"eaIII, and the mhawe enten the
reactor column. Improper priing of the reacdon coJumn can lead to hand bro8d
ening in the lame way • for the analytical column.
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A second detector cau be placed IIheBd of the reacdon det«tor to prber addi
tioDal infomwion about the anaIyte. For cnmpJc, a UV deeccbX" caD be ntiJbM
prior to a dcrivadzation/fluoracence detector.

POlIt<OIumn dcrivaIizatjon techniques caD imolft=JDCMtifjcation ofeohMioa
pH. For cnmplc, pOlIt<OIumn c:omaRon from dy acid to a pH abcM: 8
II1CI' C I ~I the ftuoraccncc ofOOIJI'IIlQ'Ul andcoaguJaDt rodcntiddell and allow their
ICIIIitive dctcrmiJwion with a f1uOJ'ClCCllCC detector. Man: CCIIDINID)y. rc Ignis
arc UICd that produce fluorcsccnt,UV:~ colored, or c:Iu:tI...me deriva
tives. Formation of a UV-eblorbing dc:rivali9c • diffindt bcc::mIc __ sui1abIc
~nls arc also strongly abIorbing. Jteagenls caD be dha:dy JaClId with the
anaJyte. or an Initial hJdrolysis or mrldarioo rcacrion is IOIIlCIiues cauled out,
foDowed bv dcrimizalion of the product. F1uorescamlnc. dansJI chloride. and •
pb'haJa!clchydc arc czampIcs of fIuorotIenic reagenll, and ninbJdriu is a ccmunoo
chromogenic: reagent for amino adds. I>crivalMs conlgling nItrouomaIic~
mophora caD be used for UV or ECh dctccdoa~ 011. red•• 1m p-AHHljnopl_aI
lIcrivatives of c:arboItyIic acids and p.dImcthyIamjnopbenyl iIoqanaIe dcrivaIha
ofaryIhJdroxyamina arc also suilaIilc for ECh dct«don

The most important applications of POIt<OIumn dcrivaIizatjon to 1JCIIl'"'-+ deter
minadon have iuvoM:d dct«tion ofamiDcL One cnmpJc is the dct«tion of N
mctbyIcarbamatc Insccticida and metabolita • dac:ribed in Scaiou (01.

Photoehemk:a1 rcactoIlI have been cmploJed to amRrt OO"'P"..... to a _
readily clct«tahIe fluorcsccnt spcda, or to a hgmcnt that caD be ex-..oIed with a
dct.caion- enhancing r;enL The raaor cam con.... ofa Teflon or~ coil
wnppcd around. a high power UV lamp in a n:8eahe hOUling. The laqph of the
coil is optimizI:d in relation to the daired ilradiation lime. An eampIc of chis
tcdmiquc applied to residue dcIamiJuuion is the method for ..lwtitnlCCl urea
herbicides, Section 405.
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606: RESIDUE IDENTIFICATION AND QUANTlTATION

The fintltqJ in determining r""id""" in a deaued1II\amcentnleddd1Kt II to IUD
a p~Jjminary chromatogram. Tenllltive peak ldendfic:ation II made bJ COIIIIlUinK
retention datawith dala lorIllIDdarda m lund under Identical CXIIIditlons. IflbaC
data indicate the presence ofoneor~'::pesticidepeab, popecJtIIndard
SOIutioIll are prepared for qua!itathe . nand quutitation.

Identical retention c:hluacteriIlia ofan analyte and lefeJeuce IUhIIance in a lingle
detennlnation do not -.ore accurate idenrifkadon. became -.aI •"'IJ--Ii-.to
may haw: the same retention lime under any giw:a let of conditionL Confil'lierlon
of peak identity must be obiained by UK of additional detenninaliona (Seclion
10$). Co-chromatognph and HPLC IIIing aIiernaIiw: (djejmilar) c:oJumns aDd!
or selecihe deiecion are m08l appropriate for ..:sid.."" determined with HPLC.
Other c:bromatognphic methock IUCb _ GLC or thin..cIinlmauJBnpby ('11.C).
or IN. IR, nuclear magnetic _anee (NMR). or _ ijlCCtIometIy (MS) may
aIIo be usefu1 for confirming raidue identity.

ReIathe retention lime. the ratio of me abIo1uIe retendoD of the compound of
inaerest to that of a selected lefeJeuce Ilancbrd ("nwter compound"). II __
reprodudble &han the abIoIutc retention lime. so it II used to COIIIJIUC raidue
and IlaDdanl peaks. Only the composition of the mobile pbase ln8uenc:a the
re1athe retention time. where. abIoIutc retendonl can vary sligbtly from day to
day or _ &om hour to hour if instrumental paaameten, IUCb _ mobile pbase
flow rate. recorder chart IpCed, or injection technique vary. The marker com
polmd may be chromatographed just before or after the ump1e. but it II bat to
include a portion of me marker compound in the iJYection olthe AIIIp1e dd1....
in thiI way. both raidue and marker peaks are chroma.........hed at the same
COnditiolll and appear in the same chromatogram.

In addition to re1athe retention lime. peak Ibape II oftal another UICfuI aid In
CIOIIlJlIIringIlllDp1e and Ilandanlchmmarosa_ltaidue idend'¥can bec:onfinned
by ob8eaving c:haDgeI in ahIoluie or re1athe retention time upon deli...;ration of
both me analyte and the appropriate Iddence IlaDdard.

Coda 'C apby

Co-chromatognph povidea an aIiernaIiw: _ of'l"aJitathe ....,. bMed on
retention times. An _iofpure IlaDdanl C'M''I'''M'tu\ thoupt to be the-¥c.
II added to a portion of me IIlIIIIpIe ddI'aCt at appn.. ili....1y dwble the __
present. and an a1iquot III"!oiJYeeted. If the tenllltive ide»dfieation of the iaidue
_ correct. on1y the peak due to the analyte will be inlnwi!ied, and pea1t Ibape
will not be diItorted (i.... no Ihoulden or broIIdening will be pnwIuc:ed). 'IbiI
method h. the same 6mitadon _ compariIon of retention timet, In &hat it II
~ that another compound with chmmatCJll'llPbic:dw......iIdaCXliI~
mg to the added compound miPt be prelC'DL Compound IdentitN alLm IIIing thiI
technique II enhanced by high column ef6denc:y and aaoIution and CIIIdmi2d
operating parameten; when peItirideI are wdI~ from one anoiher and
&om nonpesticide llItillIas c:oatrlICled from the samp!e lIUbIttate. there will be
me great"'It chance for the analyte and the c:cHnjected Ilandanl to ICpIIrate if they
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It is pewiNe to confirm identifialdoll ..-uGDetriI:aIIJbycoIk 'iij,dIe lIIIIIIyIe •
it elutes from the HPLC inIII'ument, either III8IlmDy CII' with an .""•••,M I'ncdaa
collector.md= it with UV. MS, lit, DC NMR.HOAe_~ .....
calion of thiI for trace petlidde detaminalion • fu!!JIed ......w die
IlCIISitivity of IUCh inIttumen... Jjmited. ehweI from HPLC an: ofteD dHIinJb to
concentrate. and buffen and sal.. from RP mobile pbaIea can imcdiae.

Specuometric amfinnalion can be perfor'med iIHine. The IlIMuiIMDc:e (peak
J1eiabt) ratio at two diB'erent UVwaveJenatbI, &6.. 254 and 280 II1II, can be c:biInIo
terislic: for a particular compoo'nd. and compuiIon of the ratio for the -IJte and
a IIllIndanl can be heJplW for peak confirmation. The prmooe CII' ...._ of
peaks or the Iipal ratlO when UIina dlft'erent ICIecdw: cIecealon prorida .....
tiooaI amfinnalional infonDation. ComNnaljons that baR been c:mpIuted for
.-Ddde detamin·lion include the UV detector folio ::oed by a phocoo~,.
IJuorellCena:. DC eJecaocbemical detector. Sped3dty .............. by die ;;itiftO of
the~nwaw:Ienath with the UVdetector. the CYdlation and an· ."11_
IeJJatha With the fIuo.tCiiCCiia: detector. and the rcduclion CII' _MI_. po«eDliaI
with the decaocbemk:al detector.

Conc:unma: of_don timeI bebl !n lIIIIIIyIe md IIlIIldud .-... CII'.~
ofleJllll'8lion of peaks in a c:o-injected IUDPIe pIuI IIandanI, OIl two CII' __

different HPLC columna (each with a IDiIabfe mObile pbaIe) gifts paII:I"_
ana: that the two peaks tepr8ellt the same o""JlOUnd. Howe_. the columna
IIIUIt be judiciouIIy chOlell 10 that their aepuadona an: guvaued by~
diffe:tent rnecbaninna that produce diB'erent e1ulion p8UeI'DL a-:ne .m- (RP
and normal pbaIe (NP) partition columna and IIiIil:a gel adIoaptbl columna baR
been shown to be independent, complemenlaly columna for confirmation ofpeak
idenlity for many compound types.

IdeJ:Itjficalion can be made by 1W ofa --nina UV/VIS deteaoI". The==
etcr is initiaDy let to a WlnCIenKth that proeJncea a IU'OIIIIiIPJal for die
gnphic peat to be identjfied. When the ahIIoIil8na: lIipalls at i1B ••diip_ die
flow ofmobile pbaIe isllopped by II1CatII ofa Itop8owvahe and die foB ..-u
of the uapped compono:nt is KaIIJlC:d. The flow of mobile phaIe II then iesllilted
and the lIIIlIIJIiI continued. A Jirnitalion of thiI appuach is that UV and UibIe
abIorption ..-ua an: not • chaJacteriItk: • lit, NMR, and MS for c.PIJf'O'IN'
identifiallion.

Scmnin, of 8uoreKence ..-ua t:ldes ........wIut better c:hanaeri........ If
foB IJlCCUUIII deteaion is UICd for tifiaItion coufimwion. the foIkMina criIe
ria baR been IlIII8 led [I]: the madilj"iIj IlIMuipdoo1 us: Jeuath in die ..-uum
of the lIIIIIIyIe shOuld be the same • that of the ""J!danl maICriaI to whkh it is
COJDII8iCd within a JDaIIin ck:teJ"';;t.\the JaOhItioo of die deteaion., en
For diode ami)' deleCton, thiI is :i:2 nm. The IJlCCUUIII of the lIIIIIIyIe
should not be viauaJIy dUferent from the ..-uum of the atandard maICriaI
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for the pans of the lM) opc:c:tta with a rdadve~ >IO'J'. TbiI criterioo iI
met when the _ maxima are present lIJId wen the ellfrenmce between the lM)

opc:c:tta iI never ;.101'> of the absorbance of the IW1CIard IIIllI£riaI at lID}' poiDt.

TeclmiquaforquamilatiDg detector rapotIIe bym UbiDi5lt of~«J1II]bic
peab are the _ for HPLC. for GLC. seaion 5M pnMda ellrecdolld& 1ioth
manual peak measwement ancI-.- ofelectronic intqpaton; me.e cmeuiOl.1IbouId
be (onowed In HPLC quantilation.

Pestiride reMuea are quantitated by~ the abe (heIabt m area) of the
peak for each analyte and the size of_peak from _similar, tnown lI!DOUJlt ofeach
leena IlancIard injected under the _ HPLC oonditloDajult before and/or
after the samp1e injection. Ouly one IIIlIiId8Jd macentratlon Is required for each
anaIyte if iJ!iections are made at ooncentration 1eveII providing linear debeQOl"
hSpCIOIX. 'Ibis pocedun:, wbich iI the _ wIdeJy UIed, iI tnown • the eldmial
ItaDclanliprion method. Other quautitarioo methods, IUCh • Internal -.ndud
izatlon lIJId standard additions, have not been widely lIICcI for paticide residue
determination.

The exploratMy chromatopam of the samp1e exaact lIICcIlO obuIn quaJIwhe
ma1yIia will indicate to the ana1yIt the pJOper IIlIJIdanllOlution to be ... The
solution should oonlain the pestlddeI to be quantitated at ..opec coocentJatloD
1eveII to liIJI within the~t ranee of the detector lIJId aI80 to procIuce peab
comparable In me (usually 1'» to thoee obtained from the duVmatopam of
the IlIIIlple eKtiaCt. Injection of the standard mimJre may show that additiooal
dilution of the sample «aact iI required to produce peab of the hiaber ame::en
aation pestiddel that are within the linear debeQOl" ranee lIJId almI1ar in abe 10
thoee from the standard mimJre. If-.I standard IIIilnuJeI are a-iJabIe at
different concentration IeftJa, selection of0IlC doeely-PP'''' j",atlng die unknown
will fiMilitate the UIIIIJIiI. It CIIDIlot be emptwsbcd too ltioogly that __
quandtptiou is not pc*'0Jc unlas standards are prepared 8Dd mainbined pr0p
erly lIJId replaced OIl IChedule.

Peak height linearity In HPLC can be loll due to band IpI""'dIng whc:D the ........
aohent Is :r:-dyItJ'ODgeI' than the mobile pbaIe, q .. the ounpIe iI ttiIIohocd
In methaniJallClilljected Into methanol/water (1:1) mobile pbaIe In m RP c0l
umn. Ifpo-"Ne, the sample shoukl be diIIolwd in tile IIIObiIe pbaae to mintnmr
this problem.. OthenrIse, the injection wlumes mUll be c:arefiJIIy <on·.1ed; tile
_IS ofounpIe lIJId standard injected IhoukI be equal, or the sample 90Iume
must be kept IIDlIIl mel the wJume amaing the 0DIet of band lp'C"adIng de.
mined PDd not eli eeded.

[1] de Ruig, W., .. till. (1989) J. A-. Off. AIIIIl. a-. 72, 48'1-490
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I'rmou$ IIedioDs or tbls c:haptier included tro"bIelIh~achice reIIad to the
specifictyltelJlcomponenll(~601D,601 1:,602'. B,6O! D,604C,605A,
and 605 B). This section provida tadng, maintaJaDe:e. andcrcubIeIIk~
dun:I for the HPLC sptem • a whole. Th_ procecIwa are to
mlnlrpjre poorpeJformance,damage,and downtimeoCdle HPLCsptemand to help
elllUl'C that resWlI ofHPLC lIIIaIpca an: aceurare and pecile.

CoDSU1t die iJuCrucdon mmual .Ipp!ied with each iDlaument .....p<IIlCIIIt _
specific iJJs!aDadon. operation, maintaJaDce, and IICIformance cheet puwedmta.
the foDowing tall are genenl in nature and afwuJd be apjXopIiaIe for IIICIIt
HPLC .,._ and lUUI1JIes.

Tillleof-=

• Cleet YiIulIIIy for IOhent leaks at an flUin..

• Operate et~) at 1 mL/min, at the detector ICIIIlIivity anlicif8aed,
and note e DOile. If nolle problema eDt, coDlll1t the inIIrwncDt
mmual.

• Check delcClDr llelllidvity by c:bmJnatograpbllll a te£eience I'aiMImI
(or miaJJn:) approprlate for the pattic:uJar dclcClDr beinc.-l;
deteetDr teapotlle.

• Pietlt8tM co1wnnI, widl which. _ cbrom""'i'WD ill '"f'P'ie" by the
mmufaCiurer, are perened. Verify die adCCIUKY of DeW c:01umnI by
tepeating the lD8Duwmrer'. test. At time of .., _ the co!gnm by
tepeating die petformance _ spedfled when the column _ put'
chB""d, or _ an alternative in-house test. Verify the perl'onaance of
columns packed in the lsbonrory in the same way and with the __
tefeteme material. for coillillCi"Cially packed colllmDll

• Cleet that the mobile phase~1I (lOhenll, ..) are of ....
equate purity grade and are pi filtered and d 8 cd If thCi'C ill
indication of CODllUDinarion or s1piflcant concenttation c:1JIInge, pre
pare new mobile phase.

_ No. M-1 11/1141
_flIl_18I8l!I 607-1
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• Do not 1elM water or acr- dutioIII of al1I, addI. « I-. In 1he
pump(a). Flush the s,stan with an appropialc puR orpnic « Mf'XOUII
organic IOIPenL Methanol. pte£emd for long tam shUldown.

6078: T1U.BI..E5HJClTFFDA CHn\fA7lDWdS

FJIic:Ienq • a _ of the abiIi1¥ of the mInmn to procIIKle DaIIVIf pab
(Seaion 602 C). It II expreaed by the plate number (1lWIIber of daeoiedul
plata) of the column. The ablDty of the column to IepInte -. C'OI!JIM""=Il •
tenned resolution. Reooludon is a functinD of1he peak wickbs (effio irl":7). the
separaIion between peak centers (8dcclMty). and 1he dqp'ee of _don for the
componenll by the cobllDn (capacity). This -=don nrie...~_ that
can be detected by iDIpeaion of chromatograms and oft'en JlC*L- __ and
solutions for them. Specific procecIura for IOlvinB _ of 1he problems wiD be:
found in the incIivldual seaions c:ovaing wrious inslrument compooenlL

• Peab that eIutc too~ with poor~ aft: -.Ily' all'e'l ht' a
flow rate that • 100 hiKh or a c:apICity &aor that 11100 low.m-the
capacily fiu:tor (and adhdly for die ailumn) by UIing a mohiJe pbaIe !bat

~w;:..~&;~mr:....~.Ch ..WiI..ography and -- polar

• Ifpeabofa misbm: aft: not weD sepuated but capacity and~_
adequate (i.... k' =2-10 and DlUTOW peab). lIeIectivity is 100 low. ary
selectivity by changing to a aecond column operatina wllh a c:ompIetely
different med!anjlm (t.I•• adaor1ldon rather than 1U'). or 117 a dilrami
mobile JIb-: wllh both of the columns. If the column iI old, Ita ledllliuu
may haw detericmued; ay a new column of1he __ type wlth the ......
nal mobile phase.

• Poor reaoJudon em also be due to low rohmm efflcIcn1:y.~ dB
denq by lowering the flow rate to ina I C the nuaaber of~
~ and~ reaoJulion. AJtematIveJy. impnM: """"'-nu:yby Ina=
DIg the column 1enllth (the anaJyaia wiD taU loopr). by UIing a m1.i11di
with amaJIer cIiameter packing, « by lnaeaing 1he operadng lei•.....,..

lUre (_ ttanIfer is ui;'CMd). Awid lit1he top of1he c:olumn can also
em.e poor d6ricncy and raoJudon.

• U. of _don from one cht,QI"",,- 10 the nat can be: .",." by
incomplete column equilibnlioD afU:r padIent eIntion, adIoIpdoa C1E
I8IDpJe impurida, or .. of c:olumn 1IdhIty. SoI9C 1he tint JII-obIem by
proper column~ after each pdientdwioD.~"hed
impIIritia by washing the rohmm or 11l'I"";. the top 2-S mm column
prim.. Mainlllin constant column ldMty by UIing p:opaly dried d
_II (for adIIOrptlon c:hromatograpbJ). Use a guanI c:olumn 10 beJp pe
_t adsolption of biKb molecuJar 1ft!iIlbt and polar impJridea by the
analytical column. Replace the guanI cofumn • requiftd.

• An incJY:8e in _don dma can be cane' by 100 low flow rate,~
rectly prqlIU'ed mobile phase misbm:. the WJ'OIII aohent in me of 1he
pump -toin, or 100 aIow rate of c:hanae of gndlenL If IiIka gel is
being uaed, :.e..=of the column may JUne ina r d becauae of the
use of__ dried aoIPenlL

T.. NIt. ., I'JIIlII---.,.
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• Additioual ClIlMeS ofdriftiDg retention lima iDc:Iude dl8'e:teo.:a ...."'I
IOheDt Ixw:ha, c:haDga In the compoddon ofa baldJ of mobile pb-C
upon IlaDding, cIwlges in tempenture. a JlOIKODIlmt retonIer cIriw: or
~'::.J:IkO£'or chaJllling mobile phase flow JlIlI) ""ned by
DO pump deIiftryor a leak in the IJIIleDL

• Tailing peaks in .......pdon cbromaqnphy can nlIUk from mImnn
sites With too much acdviIf. To 10M: lblI problem, add an opliHililm
amount ofa deaaivIItor <&,., _> to the mobile phase.

• In RP HPLC, llIiIing can ftIU1t if the sample II nearty u-lubIe in die
mobiJr phase or if die sample is I*dY or c:ompIeIeIy loak. Bcwfed RP
columns June a high proportion of iuuaaea IiIaDol PIlUI* (OOH)
available fur IeCXIIldluy reaction with aualyta. Some of thea siJanoI
groupB ClWIe bales to laiJ. and othen aIFect acidic: c:ompouudL DilleteDt
COIIUDCIdaJ columlu are better or wone in _ of their ability 10
produce peab with good peak shapes. but none wiD be compIetcIf free
from laiIing pmNems

• Add appopriatc mobile phase addidw:s to flIIIlJre neutnIIi1y ofanalJta,
thereby minimizing unwanted siIanol intcraoctiln and the~tpeak

:::~'::":=S::i= ==::.~=.: Ie:
acelie: add for eliminating taiIInK of addI. Ifboth acidic and t.ic
IlIIIIpIe components are present, combine the adcIitiwa to give a~
me elfect.

• In iOll ....change c:bromatop'aphr. the _ of llIIIiDg fMUI can be
mobile phase with too low an iooic: IIreDgtb or the wroog pH, or adIoIp
tioD OIl the resin. Optimum buffer concentradona are IunpIe depen
dent, generally nmging from 1~IOO 11IM. JdeaJIy, the pH of the mobi1e
phase IhouId eDIUI'e that the solute is completely ionized. AdIorpIioD 10
the resin can often be eliminated by an ma- in 'h"l_ or
addition ofa IIIIIaII pen:en. oforganic modifier 10 the mobile pa.e.

• For aD types ofpadinp, llIiling can be auned bya \IOid at the top ofthe
column or~ long or wide conneclion tuhiDg bdw ! II the in
jeclion Yahe and column or betWWD the c:oIumn and decec:tor. The
latter type of ClIUIe is indjcated if the llIiling of early peab is P_
than that oflater peab, and if laiIing is greater fur falter Bow-.

• A peak nbibjting ftondng <adowly riling Jeaefing edF> ilumaDy' a. wei
by aRllMding. Remedy this by iJgecIiDg.. oampJe,

• A peak """iNting a doublet or a Iboulder (or llIIIiDg) rauD from a
dirty, cIwlneled, orde£eo doc: mJumn. IteRenerab! dirty columns by___
ing or R'pVting the top of the bed. Ifthe inlet tnt rather than the
pICking is dirty. clean or replace the friL

• Peab with a 1I1lIh..... lIbape that _ r-=h uue " ••,I,,"'IIi hdgbt
rault from an incorrect retonIer damping control aeding.

• A noisy recorder t I.~tine am be , I' .... by inoouect recorder cflunpina
control aeaing. orby iIKoilect p""'mding of the reconIer or the H1'LC

I,
_ ....'1111..1
formRll_1IIIlEJ 607-3
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imtrument, a cIeCecdve IOUroe I8mp 01" dirty eel wiDdcMI (lJV clete etor).
01" c:ontunjoated IOhmt. BavI!ne nolle In the fonD of..... "K Iharp
&pika ill _ IikeJy due to fonnarion of bubb1ea In the cIeteaor c:eI1.
BaaeJlne drift ill caused by contamination of the detector eel 01" ail"""'.
elution oCadIorbed impuritia, 01" a c:hauae In detector 'M, u_e.

• A negaIhe rcamIcr trace • .-By ,..... by a Ieat bet.w! !D the sample
and .ereletla: een compaI1IIleIIlB; Ioc:aJe aucI repm.
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