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Quick Reference Tables

If your have a problem you need to solve now, nse these Troubbeshooting Tabics.
Locate the tmbie for the type of problem: you have, find the possible cause and
use the short descrniption of the solution or the cross-referenee to the mam body
of the guide to keip you idennfy and selve vour prabiem guickhby.

Problems with Peak Shape

Possible Cause

Prevention/Solution |

Iedierastion will aclive wlannls

1. Use ultra-kigh merity 40lucs based stalionary )

phase (se 1.1) |
2 Adit bee mubile phase adiitive (o TEA) |
— it eedid with ultra-kigh punty phases |

Clelation wik metal jons m statiomsry phase

s atyree

Wrong mainbe phaso pH

[. Dheoredse mbile phase pH o suppoess
sifano] Tonmation (see 1.2
2 locresse bulfior concentrainm {sce 1.2)

Blocksd it 1. Moverse flush the coluwmm (sec 5.2)
2 Use m-lme Filter {see 1.3, 4.2}
Ciol i vt 1. Meverse fush the colwrm (zec 5.2

1 Heplace ke colomm

Unsivopt desd volusie

L. Mmomise cumber ol concectixes
1 Use skorter connecbon fubimg
3. Chock all fitimgs e tight

i

Contamtratie on gusnd or analvizcal cohimn
b=t

I Boowwe goant cartridpe snd cary gul

nralysis — repluce pusnl i nedesuary
2 Beverse flush snafvticol coliomn (see 5,25

3, For strongly retaimml contammanis, iy
repenicrabion procedure [see 52
it. Beplace dabumme

Biacked [ril

L. Beverse fhish the colum (see 52)
1 Use in-lme filver (see 1.3, 4.2}

sumple solveil mommatible with meble phase

1. Imject sanple o mabke phase

Surultansows eletron of secoed oompsisctt

I. Use sample clean-up prios ko mjection
2 Champs selectivity by chargmg mohile
phase or coluen plase

Colwrm oversmaded

1. Use hipher capacity staliorary plasc
2 lecresse colurmn diarnoter
3, Derresse sample amwgumi
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Problems with Peak Shape (continued)

Formatia of chanmels m oedumn

A
2,

Replace the colume
Operate within recommeembed pH fimeis

ol column (ses 1.5}

Calume overlozded

2.

Impect amaller volume tr moed dilaie
sample solutme

Use kigher capacity stationary phase

Sarimple solverd incompatible with mobale phase

L1

Impoct sample in mobtle plse

Loy frmperaiure

A

Inerease colorn lemperlins

Problems with Retention Variation

Possible Cause Prevention/Solution
Loss of tanided statborary phase I. Heplace colume
2 Oprate at pld 2-8 for akicy hased KP

culigrms [see 221

ARinve proaps on daboaary phase 1. Use onranie modificr i mobdle phase

4 Moorss huller strenzth
Ircressmy fow rEle I Chatk dend piltnesl purnp Shine rale fame 2.4
Colurm overfoaded 1. Meducr amoumi of samqple mpocted

2 Use column with larger pd

Clafyrirg mabile phase composrime

i
E

Conier sabvett seservomes (soe 210

L Propame. fresh moinbe phaso (s2a 2.1}
Laosa ¢f bomdes] stafmoraty phase . Heplace cobumn
Descreanimg Thow rale L Clack @nd adnst purmp Shiw r2c (i 2.4

e
—

Chock for leaks i sysiem, inclodmg pump
smls [wee 204)

Buhbled 10 mobdle phise

|

-5

Chock N male ard jircsseme (w0 244
Deegas trushile phuse (see 2.4}

IesufTicient colatmm equilibration

L.
.

Equalkibraie colume kmper tetwecn rurms
Comdibion 1ke pohorm wilh comoertrated
saqrqls

Change mmabile phase compostibon

|

_ Check proparismmy-alve socaracy [soe 254

Check tmake-up of mobdle phase and make
up new i nocessary Gaee 2.1)

IesuiTicent miller capacaly

Lse buller concentrmixms =20miv]

Fluctoabiey column temreperature

2
1
i
Pl

Stamlme srhsont temporalure (see 2.3)
Thermostat the eolams: (s 2.3)
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Problems with Ghost Peaks

Possible Cause

Prevention/Solution

Ghost Pesks

Contamratse m oofunm or mpesior

Use anly HPLL grade solvents
_ Fhish column Lo femove orpuriises {see 5.2

Laie elutmg peak from provious injection

. Extend ran bme (sec-3.1)

2 Flush colume with strang mobibe phase
al erd of wach rur {eee 3:1)

3. For pradient rins, eod 2 hegher
comncerdrbom §5ce 3.1)

L
e
1. Flush imectar belwern annlysess
|
=

Cembarmmaded water o BP HPLL

L. Use HPLC prrsde wter (sne 3.7)

Unknown intes{erences 1o samplo

b Use sample clear-up (e.g. SPE)

e ol e o el

7

Hefrmactive index of solube fower than that of
mpade phese (B Selectar]

L. Use icobile phide wilh et metracdive |nn|.1|:|.;
1 Beverso delector polanty to oblain positive |

_posks

-n:’l._'ﬂ!'ﬁ.ll.'pl.'ll.l'l.'. ol siodufs hiser E'émmm}.—
ol mobble plese (LY dotcetor]

e

Clange UV wavolenuth
_ Use trobile phase with lower UV
absurption {aee 3.3]

ba

Sample salvent ard tababs phase daflter.n
CoroaE

1. Chonppe sarple wobvent sl dasselve
sarmpie o malube phise tf posarhle

Air buhbles o mobale phase

1. Deges T El.l'l.i:lﬂt
2 Ipsiall back prossume restricior of deleclor
et

3. Ensure all fitimpes wre Hght

Cilumiin stored swilhoul endeaps

1. Skire calumis wilh eodcaps (see 5.3
£ Flush P column with ﬁ-aﬁ',ﬂjﬁ-ml rtianol

waw.gce-hpic.com




Problems with Column Backpressure

Possible Cause Prevention/Solution i
Wring puisp sellmg 1.Check ard cneroct selimyg
Marrma] for system Increased backpressure notmal 18

1. Swikched fo longer columm
1 Uhanged 1o smallor particies
3. Changed W simaller diusincter
4. Incressed ow raie

if no oikey changess made
Prossurs kigher IJI.H'IEi rtikille ul'E'r.mhL"h.l 1. Narmal
Jemperitiore 00 low 1 Suipust ooluenfs civeh iouiperalins
Ciralisi=n agetng 1. Ciradial imteede in pressure nuotmal
. _tmver colirn lifetime
Blocksd sabume o1 1. Moverse fush the colirn (sec 5.2)

1 Use m-lme Filter (see 13,423
1 Ceparnlfuge or filer samples
4. Use puard cerindges {3ee 4.3) f

Blocksd m-lme Tl 1. Meplace m-Tme TElber frit {see 4.2)
2 Ceeanluge or fHlter samples
3. Pre-fifter mobibe phase

Bhocked guard rﬂ':l.l:h_d.gt' | !'l._-l'.'p1HI:E suard gartradpe more fru-l.:-uude_
{50z 4.3)

Swabei blinckape 1. Systorsatcally nvesligate sysliom 10 ful
blockage faee 4.1) |

Huller precipatation 1. Meverse Mush the cohirsn with seater{see 4.4

1 Heview evalbon condibions [see 4.4)

Lioak 2 xyslem l. Locate leak end coirect

Colurs imperalire L-'.H.‘.leiJ I. Liwweir lemnperdions
Flamw too Tomw I Increase fow raie
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Introduction

This roubleshooting guide conmins examples of some of the MOsT comiman
proflems obeerved n reversed-phase HPLC (RP-HPLC) separations. Four major
proflem areas are covered: peak shape, retention time changes, ghost peaks and
proflems related to column backpressure. In addition, 4 seetion on columm care &
mcluded — procedures that will help yvou pet maximum lifetimes from your
columms. Within eack section, several examples are given 1w illustrate various
problems. A set of troublesheoting tables comresponding to cach section will help
vou guickly ideatify problem causes and solutions. If vou are in a hurry, vou can
go directhy to the tables to help you selve an existaing problem. (theraise, we
suggest that yvou read the entire guide so as o pick up some 1deas that will help
vou gvoid probiems in the future. We hope that you find this guide useful o
diagnose problems and o gain un understanding of the underlving causes 5o that
vou can peevent, or at Jeast minimize, their future occurrence.

1. Peak Shape

L1 Peak tafling has been the most comman peak shape problem since the early
days of RP-HPLC. Most peak tifing is due to interaction with acidic or ionised
stlanol groups on the surface of the sitica particics within the column. The
fow-purity silica {often called "Tvpe-A” or acidic silica) has a high content of
aoidic silanal (-51-0H) groups and the presence of metal impurities | especially
irom and aluminum) further increases e jonization of these groups to —5i-0F
which provides cation exchange sites. The gk of these materials is in the pH 4-5
region, meaning that at pH>6 most of the silanol groups are jonizcd. Effors o
improve the purity and lower the sctdity of silica led to higher purity silica
particies ("Type-B") and since their inital introdection, the purity of these silica
packings has improved. High-purity slica has a pl, of =8, so there s minimal
silano! ionization m the pH-smble range of 2<pH<E for most columns.

Basic compounds arce the most suscepnble to silonol tailing and becaose a high
proportion of sample molecules contain basic nitrogen functional groups. fow
compounds are completely immune 1 silanol internotions. Silanol miling is
fMussrated in Figure 1. Toluene, a neutral compound, is not subject o sitanod
taidling, but the remaining malytes of Figure | aro strongly basic drogs. Further
challenging the separation is 4 mobtle phase pH of &, which ionizes the silanods
of the less-pure-silica columns. The lowest-panity silica (Fig. la), represcnmative
of Type-A silica, has such strong interactions with the bases that the analyues are
not cluted from the column. The early Type-H matenals (Fig. 10 siygmificantly
imnproved peak shape, so that afl peaks in the zample are visible, even though they
tnif badly. Further improvemenss in- silica puricy (Fig: le) have reduced peak
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tailing to acceptable levels. It is unlikely that peak tmiling will be elinunated as
long as silanol-conmining @ilica s used in RP-HPLLC.

5ilamnl miling is best reduded 'y using a high-purity silica column, but there are
other techntgues to reduce tailing. For manmy years, methylamine {TEA), a
small-molecular-weight base, was added to the mobile phase (o.g. at 25 mM) for
this purpose. TEA i5 8 very offective compeiitor for acidie silanol - groups, buat
with today s high-purity silica; TEA is not needed and is rarely csed.

e i

3 o \ 5 L IR
¥
3 » ’
13,4, sl 1
bnal musad.
2 dw
L
1 -'. I'_ ‘I
N s g ——'h — I'J.I e -__I|:._|I|_ =
T {rides)

Flpare 1. Sihea ity snd peek tailog (a) low:, (5] nodarste. snd (¢} lagh parity
atlacs. Columns: 2504 dmmm. Sun: Mobile phase: B0:20 MelHLZ5end KH-MO,
{pEL 640 Flowe: 1.0 midmae Connponeris: 1, parephodnoe 2, nodapeyling 3,
fnlwene; 4, nnipraming 5, nmidrplybine.

L.2. Insufficient buffer or mobile phase addinve also can result inpeak tailing. A
primuary function of o boffer = 1o keep the sample in & constant jenization staie,
s0 a5 to stabilize retention and o minimize peak tailing due o joric intcractions.
The buffes also suppresses ionization of silanol groups on the stlica surface. This,
of course, 18 more of a challenpe for keas-pure silica materials, wiere ionized
silanots are much more likely The effect of the additive conceniraton on peak
shape i5 llusrated in Figure 2. In this case, trifluoroacetic acid (TFA} acts as an
fon-painng reapent for the protein sample componeants and alse creates a low-pH
miobile phase to suppress stlanol jontration. Traditionalty, 001% TEA has been
uscd as an additive for protein and pepide separntions. As can be seen in Figure
2a and b, this-concensration i3 sufficicnt to minimize tailing on both the
high-purity and moderate-purity sitica oplonms. However, when the TEA
concenmration is dropped wnfold (Fig. 2c, d), maling increases with both phases.
“The high-purity sibica still maintains accepiable peak shape, bot the peak tailing
an the mederate-purity column s now unacceptable,

wrw.ace-hplo.com
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A common characteristic of buffers and other mobile phase additives is that sheir
effect {c.g. reduction of peak miling, stabilization of retention imes) begins at
tow concentrations and contirues as the concentration is increascd, but gpredually
levels off into & plateay. Select an addifive concentration on the plateau for s1able
OpcTRiion; excessive ooncenirations can cause solubility problems. Additives In
the 10-25 mM region usually are sufficient for most applications, but it 15 a pood
idea o determine this on a case-by-case basis,

High Punty Silica - ACE 300A

a) | 0.1% TFA 0.01% TFA | c)
]
]#uliuinw _ e :
“ime {mins) P
Mooderate Purity Silica - Symmatry 3004
by 1 0.1% TFA D1% TFA | d)

o HT R

Tt { rung)
Figure 2, The cffect of uflfer concentrabon on peak sailing. 0.1% TPA with {8) tngh-
and (b)) enodemuti-parity sibce colamm; 0.01% TEA with {c) kigh- ani! [} moderals.
puarity silics columm Colemng: 250x4 Ammy, Sy, C18 o0 Mobile phase: A: b 15
o (0% TTA 1 My 0] B @ 1% o (L0 T%% THA in ACK: 57005 B by 30 man;
Florw: 18 nelinine, 280nm. Componenls (i retestan andec): ribonisclcass A,
cytockrmame: L, Birlo-tranalerrm,  sponmyasgslofmn.

I.3. Peak miling or distertion for all peaks in the chromaforram usually 15 the
result of a phivsical, rather than a chemical probiem. When all peaks in the
chromatogmm show the same type of distortion (Fig. 3}, the inital problem
occurred before the anahytes began migrating through the coliumm. The most
commot cause of this tvpe of peak distortion 15 a partially blocked it or & void

& waw.gce-hpic.com



at the head of the colummn. Today's colunms are not very susceptible o voids
untess they are operated outside of their recommended pH range. However, it
blockape remains & comumon problem. The frit at the column nlet typicatly is

2.0 um porostty for 3 pm partcie columns, and 005 pm porosity for columns <3
pm. If particulate matier from the samgle, worn pump seals, or the mobile phasa
reaches the oolumn, it usually collects on the fns This matenial can distort the
distribution of the sample at the column inlet, such that part of the sample reaches
the column via a different flow path and thus later than another portion of the
sample. Since no sepamation has taken place at this point, all analvies are distorted
in the same manner and the chromatogram shows similar peak tziling or
digtortion for all peaks. To prevent this problem, filter the mobile phase if it has
potential to contain particles {e.g. buffer precipitate or dust); replace the pamp
seals before they wear enough tor shod particies: IF the sample contzins particulate
debris, either filter it {e.g. 0.5 wm porostty filter) or centrifuge it boefly (e.g. 3
min, #1300 x g} to remove particles. We strongly recommend installing 4 0.5 pm
porosity in-hne filter just downstream from the autosampder to catch any
particulaie matter that inndvertently enters the HPLC system. The system
backpressure will rise when this m-fme filter frit becomes blocked; replacement
of the frit is a simple, fast, and Inexpensive task. Use of an in-line filtes is onc of
the least expensive ways to profong the colomn lifetime.

NI

Figure 3. Peak dastortbom of all peaka m the chromuatogram due o8 partally blocked
fril of Golumin wosd

I.4. Poorly resofved peaky can masquerads as 3 column of 3 buffer probiem. 1f
two peaks pre only partiaily resolved, peak splitting or doubling can occur This 1=
seen in Figuse 4. In Figure 4a, peak distortion, much Like that of Figure 3, was
observed, suppesting a blocked frit. Changing the column did not correct the
profiem, =0 8 Mockoed frit was unlikely. When the mass of sample on column was
reduced {Fig. 4b), the peak looked more Hike two pedks thar a shoaldes. This led
to further imvestigation and it was determuned that a second poak was present. The
micthod conditions were modified o fully scparate the bwo peaks.

wrw.ace-hplo.com
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Figaire 4./ Sphit pesks due 1o the presence of & secndul component. (5} 15 ag/ml and
(b} 10 ngiml, of drug (sedars] peak) m plasma. Adapied o (1)

1.5, Fromting peaks arc 3 fairly rare phenomenon to encoanter with today’s
well-packed columns. One soures of peak frontmg is channelling m the columm
or collapse of the columm structure: This &s rare with today’s columns if they are
operated under conditions recommendsd by the manufacturer

Mot silica columns are gtable in the pH ange 2-§. Below pH 2, the bonded
phase hydeolyres: abowe pH B, the silica can dissolve. If vou operate the HPLC
svstem outside this pH range, be sure to select a columm that is designed to be
stable under the selected conditions. Peak fronting due to channeliing within the
colunn = illusirated in Figore 50A normal peak 15 shown in Figure 5a; after =300
imjections, peak fromting (Fig. 5h) was observed. This change was chosactenstc of
the method and ofien appeared suddenly, from one rum o the next. Once fronting
peaks appeared the only effective fix was (o replace the colunm. The column was
a 100x2. [ mm id. colummn packed with 5 ym CI8 particles. Mobile phase A was
10 mM ammonium bicarbonate {pH 9.0%; B was methanol (MeOH). The method
comprizzd an isocratic clution segmient af 5% B folleaed by an BO%S B flush This
particular column was designed o work with up to 100% water mohile phases
and was nof endcapped. Endcapping helps o protect the silica from dissofution as
the mobile phase pH is increased. In this case, the column was osed with 4 mobile
phase pH well above its recommended ranpge and lacked progective endeapping.
The silica gradually dissolved & pH 9 until the column bed swructure sms no
bonpcr stabie and the bed shifted, causing a void or chanpel, which in twrn resalted
in the fronting peaks of Figure 3h. This probiem eould have been avoided by

using a lower mohdle phase pH or selecting a colamn that was stable at higher pH.

waw.gce-hpic.com
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Figure 5. Peak fronimg due o chennelling in calu (0] nurmal peak shupe;
ih} fromting peak. Adapted Froen [2)]

2. Retention Variation

When atl peaks change retention tmes, most likely it is doc to 2 change in mobile
phase compositon, columen chemistey, column temperature or fiow rate. Ermors in
on-line mixing of isocrasic of gradieat mobile phases also can cause refenson
time problems. Each of these sources is examined bnefly below.

2 1. Mobile phase composition changes usually occar abruptly when a change s
made by the operator — cither by improperly seating the mobile phase mixture
with an on-line mixing system or replacing the mobile phase with a new bateh
that was not prepaned properly. In rare cases selective loss [eg. evaporation) of
ane mobile phase component may gccur, When 8 mobile phase change is made,
peaks wsirally move in the same direction — w shorter or longer refention times —
and relntive retention (the selectnty facor, 2) often chatges. The best way 1o
check for mobile phase compoaiton crrors is o doable-check the system settings
and i necessary, make op 4 new batch of mobile phase. Method documentation
may cottain mformation about the etfect of specific mobile phase changes. For
example, a small change in the %-organic solvent or pH may have a chammceristic
effect on the chromatogram, such as o change in resoiution or 3 shift in retention.
If youi suspect the equipment is ot fault, move the column and mabile phase t©
another HPLC sysiem and try another run. If the probiem persists, it is-due to the
mobile phase or column, bt iF it goes away, i can be correlnted wath other

SYRLCO COMPONENiE OF PATAMCICETS,

L2 Column chemiztry changes will occur over the tifedime of the column and
generally ane pradual over several weeks or maonths. Colummn ageing usually is
agccompanicd by rising columm backpsessure, gradunlly shifting retention (Lmes

(onger or shorer) and more peak tuling. Exchange the column for a new onc to
confirm & column-ppeinge problem, Column Lifetimes of 300-2000 injections

should e constdered satisfactory; ot this point; the cost contribution of the

columm to the overall analysis 3 small, so replacement = jusofied casily. If the

column [ifetime seems unaceeptably short, carefully examine the operating

coduditions w be aure that fhey are reasonable for the column. Figure 5 shows an
cxample of short colomn lifeome due o exireme operating conditions. 1

waw_ace-hplc.com
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L3, Column tempertinre changes can canse roteniion tme changes of 1-3% per
1°C change in tcmperamure. When a column oven is not used (Lo "ambient”
comditions), the tempernmee often cyeles over the course of the day {and night)
due o [aboratory temperature changes. Although the laboratory temperamre may
secm o be constant, as measiced o the room’s thermostat, the mecso-cavironment
at the HPLC system may chanpge significantly, especially if a heating or air
condisioning vent blows direetly at the system. Colummn temperature probiems ean
be climinated with the use of a column oven and location of the HPLC

svstom away from such vents.

24, Flow rote prodlems can be doe o bubbles, feaks or pump probiems. Bubble
proflems will correlnte with low or fluctuating pressure and increased fefention
umes: ¥ih two-beaded pumips, the flow and pressure may pulse if a bubble is
presest inonly one pump head Degas the mobile phase, then purge the pump by
opening the purge valve and pumping 5-10 mL of maobile paase through the pump
at several times the normeal flow race to displace bubblea. In some cases, it may e
necessay to wse 8 low-viscosity, depassed solvent, such as methanol {MeOH) or
gcctonitrile (ACH) to purge stubborn bubbles from the pumgp.

Lieaks plso will increase resention times. Look for dripping fistings or crysaalline

deposiis on fictings as evidence of leaks, Pay special attention to firtings upstream
from the column. Fittings and scals mside the aumosampler may be hard to inspect

— a flashlight and small mirror can be heipful. 1 stainless sweel fitings arc in use,
uspally a s tom of the fitting nut will stop a leak: With PEEK fittings, it is best
to stop the pamp, fooscn the fitng, pash the tubing o the bottom of the fitting
port and then tghten the fiting pnior to restarting the pamp. Tightening a PEEK
fring with e flow on may cause the tabing to slip in the fiting, creating
cxtra-column volume, which can degrade the separation.

Faultv check-valves or worn pumyp seals can result in low or fluctuating flow
rates. Check-valve problems will be accompanied with pressure fluctuations. IF
purging bubbles from the pump docs not correct pressurs fluctuation problems,
check-valhves are the next most likely soorce, Check-valves can be replaced with
niew onecs, but effective cicaning can be accomplished by somcating the
check-valves in a beaker of MeOH for o few minutes. I you cannot sasily
digtinguish berween inlet and ouadler check-valves, mark them with a scribe or
Inbel the heakers clearly. Place each check-valve in a separnte beaker for cleaning
g< they cay come gpart during cleaning, If the parts do come out, carefully
reassenbie them so a5 1o avoid contamination {dust-free gloves. avoid scraiching
the ball, ste.). Pump seals wiear with use and [ifetimies tend to be shorier with
buffered mobile phases or high-galt conditions, such as ion exchange metheds By
keeping good records of seal replacerent infervals, yoo will be gble 1o setupa
proventive maintenance program that imalves scal replacement prior to failure, In
abscnce of other indicators; replace the seale at least once a year.

waw_dce-hpdc.cam



L5, Proportioning-valve failwres and on-line mixing problems will degrade
gradient clution methods. The cxample of Figure & shows twe consecutive
injectiohs -of 4 peptde sample analyesd by gradient clotion. In this case, e
system swifability fest allowed for 0.1 min variation in retentdon beraeen runs —
the first peak just faits this criterion and the last peak barcly passes, but the
roididle two peaks are obviously out of specification,

0. e

810y
-

12 w16
fime (min}

Figure 6, Chroortograms Srom two corsecetive grodicst rues sbowang larper erfoms
for peaks neer the gradent madpent (13 mm): Adapted fromm |3

A simple way o check mobile-phase proportioning acourascy is & follows.
Replace the column with =1 m of (L0053 in id. (0,12 mm) tubing, place water in
the A-reservodr and water conmining &% acetone in the B-reservedr, set the
detector wavelerpth to 265 nm and use a flow rate high cnough that the
check-valves will work reliably {e.2. 2 mL/miin}). Run & series of steps at 10%
increments | 10%, 20846, 30%.. 90%, 1R By, Since problems often occar wear
50% B, add an extra step af 43% B and 55% B. The result shoold be a smogih,
stair-step plot {see Fig. Ba), For the sample of Figure 6, the plot of Figure 7 was
observed for the 40% - 607 B steps. The steps are distorted, and the step from
5% fo 30% B 15 B 4% rather than 5%, The dashed lines in Fipure 7 aporostiniaie
the gradient — there is an offset somewhere between 43% and 50%: B,
Unfortunately, this is where the peaks with large retention variatons were cluted.
The HPLC system had a procedure tor propactionmg-valve adjustment and when
this was performied, the steps became sreooth and even and the retention times
fell writhin specifications.

wrw.ace-hplo.com 13



B ()

Figure 7. Resubts of propartionimg step-test performed nesr the mmdpoient of 1he
rachiorl wsad {or Frpwre 6 Theoretc] velues shown in parenibeses. Adapted fom [1L

The step-test for a well-behaved system should look similar to that of Figure 8a,
with even steps throughout the plot. A companion test that should be run is a3
0-102% B gradient with ne injection, This should appear &5 & linear baseling, &
lincar gradient sepment; and a lincar post-gradient hold: with a smooth curve
transition between each sepment. The example of Figure 9 shows g blank-pradient
run with regular deviations from lineariny {arrows) &t =23%, 50% and 73% B.

Tte (wum

Fllutti. Chaidient step et resalts for HIFLC system of Flgure 9, {=) Steps of 0, 10,
20, 30, 40, 45, 58, 53, 60, 10, 80, 90, and 100% B; (b) upper trace ia 45— 55% in
% stepa. Arnow abawing “shorl” step belveen 50 and 51% B. Adupled fram [4].

14 waw.gce-hpic.com



The step-test corresponding to these conditions is shown in Figure Bz, und on this
scale looks quite good. To more closely examine the problem region, & step-tost
was run in 1% increments over 43-55% B, as shown in Figure £h This expanded
ptot clearly shows an irrggularity in the sten between 30%: and 51% B, Errors ot
regular imtervals in the hnearity plod (Fig. %) suggest problems with the alaosithm
contrelling the proportioning wabves, or the proportioning valves themselves: In
the preseant case, sdjostment of the controlling software did not correct the
profler, s¢ the proporiioning valves weee replaced and the problem was
correcicdd.

Fligtire 9. Plot of Hesar prmbent with Sally propocibarnding valves, Arnoas dhiw
eviatrars [nomn lmearity; dashed line drwwn Selow plat fist reference. Grrstient 0 -
IO, B 15 min af | mLinde A« waler, B = 0U1% scetone th water; detection UV
TA% rm. Adapad from [4] '

Although it is & pood assumpion tiat 3 single source is responsible for a
particular HPLC problem, this is not always the case. Fipure 10a shows three
conscCuitve injections of a peptide sampic run with o very shatlow gradiens
(19-24% ACN in 30 min). Flow rate problems were suspected, so oll B check
vilves and 4 pump seals were replaced for this dual-piston. two-pump syssem.
This imperoved the retention variation considerably, from a 2.] min refention ranpe
to 1.0 min (Fig. 10b}), but this sl was unacceptabie variation. To imvestipste the
problem further the solvents were premixed 1o 15% ACN in the A-reservoir and
25% ACN iIn the B-reservoir. When the instrument seéstings were adjusies io
generate the same gradient a5 in Figore 10z and b, the resuls showm in Figure 10a
were obtained. Although the proportioning accuracy of te mstrument was within
the =0, 1% specification. it was not sufficient for a very shallow gradient.
Premixing the solvents changed the effective accwracy from 0.1% to 0.0] %,
which was nocessary for satisfactory retention time reproducibilicy for this
sample. Premixing can improve system performance for demanding separations.

wrw.ace-hplo.com
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Figare M. Expended chronstisgrams fron: three cotsecutive Hippctians of & poplids
standerd Chromatoprams: pencrated (8] using the ofpmal systeon conligurstion, 4]
alier rejilacing all chock-valves ard pumgp seals, and (¢} using premized mobile pbose.
Cholump: 230%4.6 m 5 pm CEY apersted ot 15 mL'min and 35°C waih detection al
215 am, Crrsdsent: 19-24% AUNA 1% TEA in wiber ovier 30 min, Adupapd Fram | 5],

3. Ghost Peaks

AL Late efution of peaks from a previous run can appear s anexpectedly broad
pcaks in isocranc separations. For isocratic scparations. the tonger the retenton
time, the broader the peak should be, but all peaks g narrow region of the
chromatogram should have aperocimately the same peak width. When a beoad
peak appears among namow ones, as i Figure 11 {arcow), a late-cluted
compound from a previoos injection 15 the most likely problem source. This 14
easy 1o check — just make 3 nommal mjection, but exiend the run ome by two- o
three-fold. 1f the peak appears after the end of the normal mun time, yoo heee
idensifizd the problem soorce. Efther extend the normal run time o include thie
clution of this peak or add a soong-solvent flush at the eod of cach run o wash
strongly recained materials from the column.

ra (R

Figure 11, Late clisted peak nomeslly elubed st 38,5 mot sppears & 120 min (armes )
i the next chromatogrum of o-shoriensd 1soctatic run. Adeptad froo [&]

waw.gce-hpic.com



1.2 (rhost peaks in gradient runs con be isolsted by roming a non-injection
blank gradient and observing the baseline. When an excessive number of peaks
appeas in the blank predient, is in Figure 12a, dirty reagents are one likely cause
of the problem. In this case, the peaks in the run of Fipure 12a are guite small
(1-3 mALD, and would be of little concern for 4 major component assay of peaks
in the (L8-1.0 ALl size range, but for stability-indicating or impunty methods,
peaky in the 1-2 mAlLT size ranpe may require gquontification, In such cases,
firrther investigation ts warranted, During equilibration between gradient mns,
non-polar imparities mn the mobdle phase tend to concentraie ot the head of the
colunm. Then, during the pradient, these impuritics are sluted just as any other
peak would be eluted in o gradient run. Check for the source of the problem by
exrending the eguilibration periad three-fold, If the peaks in the blank gradien
increase by approximately three times, the aqueous solvent & the mest likely
source. Heplace the water and/or additives with higher-purity components to
climinaie the problem; as is the case for Fipure 12b,

B R T
Tirnm ey
Figure 12, Blank gradient rans perfimied () with contaminated and (k) higher
punfy walir i the A-reserveier. Colisnnd | 50846 o CTH; 1.5 mbmia; 3550, UV
deteetion 1l 255 nen Gradiont: 0-E3%: ACN water o 13 frm witk 5 min hold Adspeed
ficnin [ 7).

1.3 Negative peaky in isccratic or grdient runs are less common than positive
peaks, but they can occur MNegative peaks are more comamon with fon poinne or
other methods in which mobile phese reagents have sipnifseant 1Y absorbance at the
selected detection wavelengrh In such cases, the backpround absorhbance meay be
stpmificant (pehaps 0.5 AL or mome) but if 15 not nooced becanse the sysiecm
matozeres the detector signal &t the bemmming of cach run Any compound that has
leay shsorbance than the mobile phase hackgroand will show up 4s a negative peak,
Idemtification of the source and elimination of soch peaks follows inthe same
mannet as posittve peaks — check the water, reagents or sample preparation process,

wrw.ace-hplo.com 17
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4. Column Backpressure

A rise in celumn backpressure is unavoidahie as the column ages and figh
hackpressure s one of the most common cazses of column failure. However,
some simple practices will help extend column tife, including use of in-line filters
(soe 4.2) guard cartridges (4.3 ) and repgular column flushing 3.2},

i 1. Locating pressure problems is a simple procedure. 1f you use an in-line
filter, it 15 the most fikely source of pressure increase, so checking it first can save
troubleshooting ume. Otherwise, the eaziest way to (ind the caose of increased
pressure is to systemeically loosen tobe fimings: starting at the outlet of the
HPLC and moving upsircam toward the pump. You shiould expeot 3 neglipibic
change in the pressuse drop as cach successive eioment i removed from the
svstem, with the exception of the column. For example, removing the detector,
then the whing connecting the detector to the column, should not cause o
significant reduction in backpressure unbess one of these s blocked. When the
column s removed, of course the pressure will drop — eee historie informazion
about the normal column pressure to fipure out whether the column is the soarce
of the problem. Once the scurce of the pressure problem is tdentified, replace the
tubing or back-fush the offending part (see 5.2 for colunm Sushing procedures).

4. 2. In-dime filters are one of the leass expensive and most effectave wools o
exiend column lifetimes. Typically, thess Hlters contain a2 0.5 pm porosity Tit and
are mounted st downstream from the autosampler o tag any particles
ofiginating from the mobile phase, pump, autosampler o sample, The it ac the
head of the column pencrally is a 2 pm porosity (it for a 5 pm parmicle column,
so th m-line frt helps prevent eolumn blockage. The in-line filter showld niot ba
used to replace solvent filranon or other preventive practices, bot rather sorves as
& hackup to protect the column,. When the sysfem backpressure begins to rise,
chock andior replace the in-line filter fric. We recommend using an in-line filter
o every system, even when a gaard column is ased,

4.4, Guard cargridges provide two-fold protection of the columm, If an in-line
filter is not wsed, the fric at the head of the puard carmidge will trap particies that
mitght otherwise foul the mlet frit on the columin. The stationary phase o the
guard carridge should be maiched to the anzslytical column so that it will rap
substances that would be frreversibly adscrbed o the anahytical column, Thus, the
guard carridge acts-as-a sacrificial ciement in the system. A 10% nise in system
pressure, that is not corrected by replacement of the m-fing filter, s a8 pood
indication that the puard cartridpe should be replaced, 8s is a 10% drop in colurm
efficiency or resolution. Figure 13 shows an example of the effectiveness of guard
carmdges in profecting the analytical column.

waw.gce-hpic.com
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The usa of yeard carlidpes izads Io 8 signifcant incraase In
todsmn litelime Ssv 1o provendion af cofurss Ioiling
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Wikh geard cartridges ‘Withoul guard cariridpes

Fgare 13 The ig5e 4 giord carirabges can apnidcamly indndase oofumn bifetime dise
1o prevention of solusnn fouling

A4 Buffer precipitetion 15 a common cause of increased backpressure. especially
in reversed-phase chromatoesraphy with high concentrations of organic solvent in
the mobile phase: To try to remove buffer precipitated within a column, reverse
the column and pump 20-20 column volumes of 100% water through the column,
mmitially at a reduced flow (note: I buffer bas been precipitated throughout the
whole column this may not be possible). 1f this is successful, restore the colunm
to the correct direction of fow and fush for H0-28 column volumes with 30050
witer forgenic mobile phase, followed by o further 10-20 column voluntes of
100%% orpanic mobile phase, then finally re-equilibracng under the desired
condisiones.

To present recccurtence, check that the mobile phase is compatible with the
buier concentration used and roduce the tonic strength iF necessary. Consider
increasing the percentage water and also premixing the mobile phase. With
reversed-phiase separations, avoid rapid changés from mobile phase coataining
buffer to 1007 organic solvent (&g MelOH, ACN).

wrw.ace-hplo.com 18
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S. Column Care

Columns should be considered a consumable stem and: as such will kave a limited
lifetime. For moss applications, columns should last S00-2000 injcctions, but this
will vary with the cleanliness of the samples; the pH of the mobile phase and the
ase of gaard cartndges, The practices listed here shoald help to maximize the
useful life of silica-based columns

51, Eguilibration of the column when changing from one mobile phase to
another, or when recycling a gradient, should take 10-20 column volomes. The
column wolume for vanous column dimensions &5 shoan below. The Less drastic a
change in solvent {¢.g. from 80%% to 20% ACN/water vs. trom ACN to THF], the
kess volume should be required. The easicst way to check for equilibration is to
make two injectons of sample — if the retention is the same, the column was
oguilibraved adeguately; if retention shifts, increase the equilibration volume and
try agaim. Equilibratton is related to the voluome of solvent, not the time, so higher
flosw rades can reduce equilibraton times.

Approximate Column Volomes {mL)

i = =
2.1 mm 0 03 [ES
32 mm 0.3 07 12
4.6 mm 0.5 iS5 25
ohwm | 24 | iE]
23mm | 116 u7 578

32 Column fTushing 15 a simpic procedure that can extend column lifetime by
washing strongly retained materind from the colunmmn. At the end of each day’s use
of the columen, remove any buffer {see 4.4.5, then flush the columm with 100%: of
the strong solvent {genemlly ACN or MeDH for reversed-phase methogs). The
miore extensive fushing procedares listed on the next page can be effective at
restoring cofumn performance, but remember that the colwmn shoeld be considensd
& consumable item, so it should not be expected o last forever! Avoid fushing
revencd-phase columns with |00 waier {except for ecmbedded-polar-group or
"ALQ)" columing], because phage dewetting will prevent good cleaning and colummn
re-equilibranon with mobile phase may be very skow,

waw.gce-hpic.com



Follow this peneral procedure for column fiushing with the specific sobvenrs
meatoned below for your tvpe of column. It 1s dlways good (o check the
manufacurers roecmmendations prior w0 flushing 5o that yvou don't damage the
column.

1. Discommect and reverse the cofumn

2 Comect the columm o the pump, but not the detector

3. Flush with 10-20 column volumes of sofvent at a flow rdte no higher than
that used for the QC clromatogram

4. Ifaltering the procodures below, Be sure to use miscibie solvents for each
slccessive step (soo table page 24)

524, Reversed-Phase Columms {C1R, CE, C4, Phenyl, CN, "AQ" type)
g, Muobile phase without baffer
b, MeOH or ACN

If metal ions are thought o be causing contanyination, fush with agueous 0.05M
EDTA, then water, foltowed by the ahove sequence. Columns which use
ton-pairiig reapents should be dedicated to on-painng applications.

52,2 Reversed-Phase ProteinPeptide Columns
g Mohile phase without buffer
b, Cradient of 18-%0% B; A =0.1% TFAwater; B = 0,1% TFAJACN

523 Unbonded Silica Columns (511
a 1IPa
b MeOH
o, Ethyl acctate

£.2.4. Bonded Normal-Phase Columns {(CN, NH;. Diod}
g. Chloroform
b IPA
2. Methylene chionde
d  Hexane

£2.5 Anion-Exchange Columns (5AX, WAX)
a, Water
b Methanol
g, Chioroform
d.  Methanol
2, Water

£.2.4, Cation-Exchange Columns {SCX, WCX)
& ‘Water (inject 4x 200 pl. DMSO daring flush)
b, THF

wrw.ace-hplo.com
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517 Size-Exclasion Columns for Proteins
For weakly retained proteins
@, 016 phosphate buffer, pH 3
For strongly retained proteins
g, Crradicnt of |00% water to POD%S ACN in 60 min

53, Column storape pracuces will help extend the lifesime of the column. The
simplest storage procedure i to remove any buffer from the eolumm (see 4.4.],
then wash the column with 10-20 column volumes of strong mobile phase solvent
[e.g. MeOH or ACN for reversed-phase, as denited in 5.2} to remove stronghy
retained material from the column. Then flush the colemn with a further 10-20
colunmn volumes of the storage mobile phase specified by the manufacturer (this
mformation saoald be detailed on the QC test chromatogram originally supplisd
with the column), Finally, can the colums securely to prevent mobile phase
CVAPATEON.

Except for specific cases for which the column mamifacturer recommends
otherwise, (e.2. soms lon-exciange columns), do oot store the columins with
buffer or Iess than abour 5% organic solvent 50 a5 to avoid mucrobial prowth.

6. Summary

Several common causes of peak shape probloms, retention time variation, ghost
peaks and column backpressure have been examined. Some of these problems
originate from the sample, others from the mobile phase and stll others from the

colunm or ather instrument componenis. A fow good habits will help o minimize
the oecurrence of such problems.

*  Lse a new, Type-B, high-purity silica-based column for cach mew project
and couple this with the highest guatiny HPLC-grade reagents.

*  Flush the HPLC system regularly to remove salts and buffers and service
ihe sysiem on a periodic basis (o minimezs check-valve and pump-scal
problems. The moze thorough the samipls clean-up process, the cleaner
the sample will be and the ltkelthood of sample-reiated problems will be
lessened.

* - Atthe completion of & series of runs (or afier every run, m some cases), a
grong-solvent flush will help to remove soongly retained materials from
the column, minimize interferences in future runs and extend coflumn
lifetimes.

Columns won™t 1ast forever, but with proper care, vou should be able to.geta
good return on yoar investment,
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8. Solvent Miscibility Chart
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John Dotan is best known for his monthly LE TreaMeshoading columm in
LOGC and LOGC Ewope. In addition to over 250 installments of his-column,
Dr. Tholan has published more than 100 papers related to HPLC. His research
interests are meshod development, column characterization and gradien:
elution, He has worked in all aspects of HPLC fom instrument design, to
writing sottware, (0. managing a conract [aboratory and 1o teaching HPLC
techniques, Currently John is a principal in LC Resoarees, a company
dedicamed to training chromatographers and providing consultation for
chromatographic problems, He shares some of his expertise with us in this
guide for HPLC troubleshooting. Further inforrmaton on cowrses taught by
Johno may be found on the LC Resources web site: www LCR esources.com
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