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Getting the most out of a
liquid chromatography-
mass spectrometry system
requires careful attention
to the system’s
components. This month's
“Directions in Discovery”
looks at column and
mobile-phase selection as
well as system
components and
modification.
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Configuring HPLC Systems

for LC-MS

iquid chromatography—mass spec-

trometry (LC-MS) has become a

core analytical technology in drug
discovery and development environments.
LC provides a first dimension of informa-
tion for compound identity, and it also can
serve as an automated front-end separation
technique for resolving analytes from salts,
buffers, and matrix components that would
compromise performance of mass spec-
trometers. Mass spectrometers operated in
scanning mode provide mass and strucrural
information about unknown compounds;
in selected-ion monitoring (MS) or
selected-reaction monitoring (MS—-MS)
modes, mass specttometers provide high-
sensitivity derection of known analytes,
even in the presence of coeluted impurities.

The automation capabilities of modern

high performance liquid chromatography
(HPLC) and MS systems make LC-MS the
technique of choice for siruations in which
high-throughput analysis of large numbers
of samples is needed. However, achieving
the highest level of LC-MS performance
and good day-to-day reliability requires
proper system configuration. This process
includes selecting the appropriate column
for the application, matching the LC per-
formance to the dimensions of the selected
column, and configuring the hydraulics and
interface components to obtain the best res-
olution and sensitivity. If users are adapting
a preexisting methed for LC-MS, they may
need to make mobile-phase modifications
to ensure compatibility of the solvent with
the mass spectrometer, Sample preparation
is 2 key consideration in achieving satisfac-
tory analytical results, and it can be the
major bottleneck in high-throughput analy-
sis of complex samples. Sample preparation
for LC-MS recently was reviewed in LCGC
(1.

Selecting the Column

The vast majority of LC applications use
reversed-phase chromatography, and the
market hosts a staggering proliferation of
reversed-phase LC columns. Selecting the

best column can be a bewildering task. For-
tunarely, each year Ron Majors reviews new
developments in column technology in his
“Column Watch” column. For information
abour current offerings from vendors and
new column introductions ar Pittcon, refer
to his column in the March issue of ZCGC
(2).

As a guide to column selection, ir is use-
ful to consider the evolution of HPLC
columns and to examine whar to look for
in terms of column performance.

Smaller particles, deaner silica: The
trend toward smaller packing particles con-
tinues — 5-pum particles are replacing
10-um particles as the workhorse packing,
Smaller particles provide better mass trans-
fer kinetics for higher efficiency, and spheri
cal particles with narrow particle-size distri-
butions produce more homogeneous beds
that provide lower operating pressures and
better resolution. Even smaller particles
(=3-pm 4,) can provide additional gains in
efficiency.

Poor mass transfer is a particular problem
in the chromatography of large biomole-
cules, such as polypeptides, because of their
low diffusion coefficients. Wide-pore pack-
ings were developed for improved biomole-
cule separations, and they are widely used
for both analytical and preparative applica-
tions. More recently, nonporous materials
with 1.5-2.5 pm particle diameters have
been used in fast, high-efficiency separa-
tions of peptides and proteins.

The presence of impurities in silica pack-
ings and variations in the activity of surface
silanols can cause peak tailing, particularly
in basic compound analysis, Wider use of
high-purity silica with reduced metal impu-
rities and lower acidic silanol content has
improved the performance of silica-based
columns for basic analytes.

Stable chemistry, longer life: Instabilicy
at extremes of pH is a major limitation of
silica-based bonded phases. Under acidic
conditions (<pH 2}, the siloxane bond
anchoring the chromatographic ligand to
the silica is subject to hydrolytic cleavage.
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Under alkaline conditions, the silica matrix
simply dissolves. In recent years, column
manufacrurers have found several ways to
make more stable packings. One approach
to improve stability at low pH was the
introduction of bulky hydrophobic groups
on the silane to hinder access of solvent to
the siloxane bond. Another approach uses
bonded phases with multiple attachment
points to the silica surface; hydrolysis at a
given anchoring site is less likely to cause
phase loss. A third trick to improve pH sta-
bility is using hybrid organic-inorganic
particles. These packings have alkyl groups
incorporated into the silica matrix, and
they exhibit enhanced stabilicy at both low
and high pH.

Improved column seability at low pH is a
plus for LC-MS systems that require the
use of volatile mobile-phase components.
Low-pH mobile phases containing low
concentrations of volatile organic acids such
as formic, acetic, or trifluoroacetic acid are
widely used, particularly for basic drug and
polypeptide analyses,

Chromatographers often observe tailing
peaks and poor recovery when they analyze
basic compounds under neutral conditions.
The culprit usually is silanol interaction,
which can occur even with high-coverage
and endcapped columns. The advent of
base-stable, reversed-phase columns offers
the alternative of chromatographing basic
compounds above their pKto avoid delete-
rious silanol interactions. In LC-MS appli-
cations, alkaline-stable columns can enable
the use of dilute ammonium hydroxide as a
volatile mobile phase.

Short and fast: Small particle diamerers
not only provide higher efficiency, they can
be operated at high flow rates with liccle
loss in resolution. This characteristic can be
put to good use by packing 3-pm particles
in very short columns for high-throughput
applications. These diminutive columns
generate sufficient plates for most separa-
tions, but keep pressures within reasonable
limits even at high flow velocities. These
columns are particularly useful for fast gra-
dient separations. Cartridge formats make
for easy installation and modest costs. As
column lengths shrink to a few centimeters,
the distinction between analytical, guard,
and sample preparation columns is begin-
ning to blur.

The return of microbore: Veteran chro-
matographers can recall the time when
2-mm id. HPLC columns were widely
used. As the industry standardized 4.6-mm

inner diameters, the small-bore columns

www.chromatographyonline.com I

faded from the marker. The huge success of
electrospray ionization has brought 1-2
mm i.d. columns back to life, reincarnated
as microbore columns. Electrospray inter-
faces are compatible with flow rates of as
much as 50 wL/min or several hundred
microliters per minute with pneumatic
assistance and heating. Conventional 4.6-
mm i.d. columns typically operate ar 1-3
mL/min flow rates and may require flow
splitters berween the column and electro-
spray ionization source. Flow velocities
equivalent to those used with 4.6-mm i.d.
columns can be achieved with 2- and 1-mm
i.d. microbore columns operated ar fourfold
and 20-fold lower flow rates, respectively.
This permits the column eluent to be intro-
duced directly into the electrospray ioniza-
tion source without flow splitting. However,
using microbore columns requires careful
attention to system hydraulics to avoid reso-
lution losses (more on this later). Most
major column vendors supply their popular
packings in microbore columns,

Specialty columns for LC-MS: Many col-
umn vendors are marketing columns specif-
ically designed for LC-MS. Table I lists
columns currently recommended for
LC-MS applications. Readers should
remember that the choice of column
depends upon the LC-MS application.

For high-throughput analysis when highest
resolution is unnecessary, short columns
packed with small particles and operated at
high flow rates would be appropriate. On
the other hand, longer columns operated at
lower flow rates will be necessary for the
analysis of complex mixtures that require
high efficiency at the expense of run time.

Selecting or Modifying

an HPLC System

Solvent delivery system: An HPLC pump
should provide satisfactory volumetric flow
accuracy and precision, and it should
exhibit good proportioning accuracy if used
for proportioning isocratic solvent compo-
nents or gradient elution, Most modern LC
systems provide satisfactory performance,
so these factors rarely are primary issues in
selecting new hardware. However, in con-
figuring an existing HPLC system for
LC-MS, it is a good idea to confirm system
performance by taking it through its rec-
ommended operation qualification proto-
col. For gradient applications, users should
determine the dwell volume of the final sys-
tem configuration; this step is important if
users are transferring preexisting gradient
methods from different instrument config-

urations or completely different HPLC sys-
tems. As we will see, dwell volume is criti-
cal in gradient applications with microbore
columns,

If an LC-MS method uses a microbore
column, a conventional LC system may not
be up to the task. Flow accuracy, flow pre-
cision, and proportioning accuracy should
be determined at the method flow rate. For
operation at flow rates less than 100
pL/min, the solvent-proportioning perfor-
mance of reciprocating pumps may be
insufficient to provide the necessary solvent
compositional precision for gradient or
proportioned-isocratic applications. In
these cases, a syringe pump may be the sys-
tem of choice. Syringe pumps appeared
early in the history of HPLC bur fell from
favor due to their expense and inadequate
solvent capacity for 4—4.6 mm i.d. col-
umns. However, syringe pumps are known
for their ability to deliver solvents at very
low flow rates with excellent accuracy and
precision. The desirability of using micro-
bore columns for LC—electrospray MS has
created a resurgent interest in syringe-based
LC pumps, and several systems now are
available commercially. When using syringe
pumps chromatographers must be cautious
of the requirement for compression of the
large volume of solvent in the syringes
before sample injection. This compres-
sion is performed automatically by the
control sofrware, but the compression—
compensation parameters must be adjusted
when changing solvents and columns and,
in some cases, when column aging changes
system back pressure,

Connecting tubing, filters, and guard
columns: The recommendarions for assem-
bling transfer lines and fittings are no dif-
ferent for LC-MS than for a conventional
LC~derector combination: keep tubing
lengths short, use compatible fitting com-
ponents, and assemble fittings propetly to
avoid introducing unswept volume, When
using microbore columns, chromatogra-
phers must pay much closer attention to
the system configuration to avoid excessive
extracolumn peak broadening.

The total peak broadening in an HPLC
separation is the sum of several coneribu-
tions (3), as shown in the following expres-
sion:

oo =0+ ok + o2, + ok + o}, [1]
where ¢, is peak broadening within the

column; of,; is peak broadening caused by
the injector; o2, and o, are peak broaden-
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Table I: Columns recommended for LE-M$S applications

Product Name

e s——

Supplier®

Stationary Phases

Particle Size

{jem)

Pore Size
{nmj

www.chromatographyonline.com

]

Column Lengths
[mm} :

www.ch

Zorbax Bonus-RP Agilent Technologies  Amide-Cys Unspecified 50
Zorbax Extend-C18 Agilent Technologies  C18 35,5 Unspecified 50, 75 2.4, 44
Zorbax Rapid Resolution SB Agilent Technologies €8, C18, cyano, phenyl 35 Unspecified 15, 30, 50, 75, 150 2.1, 44
| Zorbax Rapid Resolution XDB Agilent Technologies (8, C18, phenyl 35 Unspecified 15, 30, 50, 75, 150 2.1, 44
Solvent Minirnizer 3.2 Alltech €8, C18 5 Unspecified 150, 250 3.2
Solvent Miser 2.1 Alitech C8, C18 5 Unspecified 150, 250 2.4
Ultrasphere Beckman Coulter C8, C18, cyano, silica, octyl Unspecified  Unspecified 150, 250 2
BioTrap 500 MS ChromTech al-Acid glycoprotein-polymer Unspecified  Unspecified 13, 20 2,4
Chiral-AGP ChromTech a1-Acid glycoprotein Unspecified  Unspecified 50, 100, 150 2,34
Chiral-CBH ChromTech Celiobiohydrolase Unspecified  Unspecified 50, 100, 150 2,34
Chiral-HSA ChromTech Human serum albumin Unspecified  Unspecified 50, 100, 150 2,34
HTLC Cohesive Technologies €8, C18, phenyl 50, 60, 150 30, 60 50 1,21
HTLC C18 HiRes Cohesive Technologies €18 50 100 33 2.1
HTLC Polar Plus Cohesive Technologies  Proprietary 50 60 33 21
HTLC Turbo-Q Cohesive Technologies Quaternary ammorium 50 60 50 1
HTLC Turbo-Silica Cohesive Technologies  Silica 50 60 50 1
Micra-Platinum NPS ODS-( Eichrom Technologies  Polymeric C18 on nonporous silica 1.5 Unspecified 14, 33 3,46
Micra-Piatinum NPS ODS-Ii Eichrom Technologies  Monomeric C18 on nonporous silica 1.5 Unspecified 14, 33 4.6
Micra-Platinum NPS ODS-IIIE Eichrom Technolagies  Monomeric C18 on nonporous silica 1.5 Unspecified 33 4.6
| Micra-Platinum RP-MS Eichrom Technologies  Monomeric C18 3 10 50 2.1
Micra-Platinum SCD-MS Eichrom Technologies  Short-chain, base deactivated 3 10 50 2.1
LichroCart Purospher Star RP18E  EM Science/Merck C18 3 Unspecified 30, 55 2
LichroCart Superspher RP18E EM Science/Merck C18 4 Unspecified 125, 250 2
LichroCart Superspher RPselectB  EM Science/Merck 8 4 Unspecified 125, 250 2
Clipeus Higgins Analytical CB, C18, phenyl, cyano 5 Unspecified  20-250 03,0.
Targa Higgins Analytical €8, C18 5 Unspecified 20, 30-250 03, 0.
Lightning Analytical LC-MS-MS  Jones Chromatography €8, endcapped C8, C18, amino, 34 Unspecified 10, 20, 30, 50, 100 21,3,
cyano, phenyl, sifica
Magic Bullets Michrom BioResources C4, C8, C18 3,5, 10 20-30 25 2-0.5
{proteins and peptides)
Magic Bullets Michrom BioResources  Amino, cyano, phenyl, €4, C8, 3,510 10 25 2-0.5
(small molecules) C1BAQ, €18, C30 i
Magic Capillary Michrom BioResources €4, C8, C18 5 20-30 5, 15 0.05, 1
(proteins and peptides)
Magic Capillary Michrom BioResources  Amino, cyano, phenyl, C4, C8, 5 10 5 15 0.05, !
(small molecules) C18AQ, C18, C30
Magic Microbore Michrom BioResources (4, C8, C18 5 20-30 5,15 h 0.5 1
{proteins and peptides) !
Magic Microbore Michrom BioResources  Amino, cyano, phenyl, €4, €8, 5 10 5,15 0.5, 1
(small molecules) C18AQ, C18, C30
Microsil Micro-Tech Scientific €4, C8, C18 3,5 Unspecified See comment 0.32,
Microbore and capillary columns ~ Micro-Tech Scientific €3, C4, €8, €18 3.5,5 Unspecified  $ee comment 0.05-
— L e
* Agilent Technologies (Wilmington, Celaware); Alltech Associates, Inc. (Deerfield, lllinois); Beckman Coulter, Inc. (Fullerton, California); ChromTech AB {Hagersten, (Sur
Sweden); Cohesive Technologies Inc. {Franklin, Massachusetts); Eichrom Technologies, Inc, {Darien, lllinois); EM Science/Merck (Gibbstown, New Jersey); Higgins (Bel
Analytical (Mountain View, California); Jones Chromatography Inc. {Lakewood, Colorado); Michrom BioResources, Inc. {Auburn, California); Micro-Tech Scientific Inc. Wat
e
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Column Diameters
{mm) Comments

Amide group embedded in Cy4 alkyl chain for stability and selectivity.

21,46 Bidentate ligand; endcapped; stable to pH 11.5.
15, 150 21,46 Stable at low pH; available in cartridge format.
i5,150 21,46 Stable at pH 6 and higher, available in cartridge format.
1 3.2 Base-deactivated, recommended for analyzing basic and neutral analytes.
i 21 Base-deactivated, recommended for analyzing basic and neutral analytes.
i 2 €18 and octyl versions provide maximum coverage; exhaustively endcapped media.
[] 2,4 Recommended for on-line extraction and general methods.

3 [ 2,34 Recommended for chiral separations of amines, acids, and nonprotolytes.

b 2,34 Recommended for chiral separations of amines. |

0 2,34 Recommended for chiral separations of acids.

2 Large-particle packings for high-throughput separations using turbulent-flow chromatography; compatible with direct
injection of biological fluids such as serum, plasma, and urine.

21 Large-particie packing for high-throughput separations using turbulent-flow chromatography; compatible with direct
injection of biclogical fluids such as serum, plasma, and urine,

2.1 Large-particle packing for high-throughput separations using turbulent-flow chromatography; compatibie with direct
injection of biological fluids such as serum, plasma, and urine.

1 Large-particle packing for high-throughput separations using turbulent-flow chromatography; compatible with direct
injection of biolegical fluids such as serum, plasma, and urine.

1 Large-particle packing for high-throughput separations using turbulent-flow chromatography; compatible with direct
injection of biological fluids such as serum, plasma, and urine.

3,46 Recommended for analyzing pharmaceuticals, proteins, and peptides.

46 Recommended for analyzing pharmaceuticals, proteins, and peptides.

4.6 Recommended for analyzing basic pharmaceuticals, proteins, and peptides.

2.1 Recommended for analyzing pharmaceuticals, proteins, and peptides.

2.1 Recommended for analyzing basic pharmaceuticals, proteins, and peptides.

2 High-purity silica.

2 High-purity silica.

2 High-purity silica.

0.3,05, 1, 21 Thoroughly endcapped; available in a PEEK cartridge with titanium frits.

3 0.3,05,1,21 Provides high efficiency and good peak shapes for basic drugs and peptides with acetic or fermic acid substituted for
' trifluoroacetic acid; compatible with 100% agueous mobile phases; available in PEEK cartridge with titanium frits,

, 50, 100 21,3, 4,46 Available as analytical and cartridge columns; 3-pm dy version recommended for fast LC, 4-um dj, version provides
batance between efficiency and ruggedness; endcapped version for high pH use; cyano version used for normal- and
reversed-phase applications; phenyl version recommended for analyzing fatty acids, polar aromatics, and basic

_ pharmaceuticals.
l 2-0.5 mm tapered Recommended for high-throughput proteomics and adsorption, distribution, metabolism, and excretion applications.
i 2-0.5 mm tapered Tapered bore provides high infet sample capacity and axial concentration toward outlet; recommended for
: combinatorial chemistry and pX studies.
0.05,0.1,0.2, 0.3 Fused-silica-ined PEEK tubing with titanium end screens; recommended for trace-level protein and peptide analyses.
; 0.05, 01,02, 0.3 Fused-silica-lined PEEK tubing with titanium end screens; recommended for high-sensitivity LC-MS applications.
] 05.1,2 Glass-lined stainless steel columns with titanium end frits; base-deactivated matrix; recommended for analyzing '
4 picomole-levet proteomic samples,
05,1.0, 2.0 Glass-lined stainless steel columns with titanium end frits; base-deactivated matrix.

nent "l 0.32,1 Small pore size; inert for analyzing acidic and basic compounds.

nent 0.05-2.0 Columns packed with media from various manufacturers: Agilent Technologies' Zorbax in 3.5- and 5-m dy, C3,C8, and
€18 phases; Macherey-Nagel’s Nucleosil in 5-m dj, C8 and C18 phases; and Vydac packings in 5-pm dyp C4, C8, and C18
phases; 10-250 mm lengths for microbore columns; 10-1000 mm lengths for capillary columns.

—_— - -

gersten, (Sunnyvale, California); Phenomenex (Torrance, California); PolyLC Inc. (Columbia, Maryland); Polymer Laboratories Inc. (Amherst, Massachusetts); Restek Corp.

agins (Bellefonte, Pennsylvania); ThermoQuest Hypersil (Runcorn, United Kingdom; Varian Chrompack (Middelburg, The Netherlands); Vydac (Hesperia, California);
ientific Inc. Waters Corp. (Milford, Massachusetts).
el —— a

e ——— ' S ———
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Table I: Columns recommended for LC-MS applications, cortinued

Product Mame

Supplier”

Stationary Phases

Particle Size
{jam}

www.chromatographyonline.com

Pore Size
{nm}

Aqua MS cartridges Phenomenex Polar endcapped C18
Columbus LO/MS Phenomenex Ci18 5 "
Inertsil Phenomenex C18 3F5 10
Jupiter Phenomenex Ca, C18 5 30
Luna LC/MS Phenomenex C5, C8, C18, phenyl-hexyl, cyano 3,5 10
' Luna MS cartridges Phenomenex €8, C18, phenyl-hexyl 3,5 10
RP-Aqueous Phenomenex 30 5 Unspecified
polyHydroxyethyl PolylLC Poly(2-hydroxyethyl aspartamide} 5, 12 6510 o, 20%, 30,
;4]
PLRP-S Polymer Laboratories Macroporous 5 8 10, 30, 100,
poly(styrene-divinylbenzene) 400
Allure Acidix Restek Proprietary 5 Unspecified
Allure Basix Restek Proprietary 5 Unspecified
Aflure 18 Restek C18 5 Unspecified
| Ultra IBD Restek Proprietary 35 Unspecified
HyPurity ThermoQuest Hypersil (4, (8, C18, cyano 385 Unspecified
HyPurity Advance ThermoQuest Hypersil  Amide-C8 3,5 Unspecified
Chromspher 3 C18 Varian Chrompack 18 3 Unspecified
Chromspher 3 PAH Varian Chrompack Proprietary 3 Unspecified
Chromspher 3 S| Varian Chrompack Silica 3 Unspecified
' Chromspher 5C18 Varian Chrompack 18 5 Unspecified
CP-EconoSpher 4PAH Varian Chrompack Proprietary 4 Unspecified
| Hypersil BDS-3C18 Varian Chrompack c18 3 Unsbecified
Hypersil BDS-5C18 Varian Chrompack c18 5 Unspecified
Inertsil 30DS-3 Varian Chromf:»ack C138 3 Unspecified
" Inertsil 30D5-3 GLS Varian Chrompack ci8 3 Unspecified
Inertsil 50D5-3 Varian Chrompack C18 5 Unspecified
Inertsil 50DS-3 GLS Varian Chrompack C18 5 Unspecified
Kromasil 100-5 C18 Varian Chrompack ci8 5 10
Lichrospher 5 C18 Varian Chrompack c18 5 Unspecified
MicroSpher 3 C18 Varian Chrompack cis 3 Unspecified
Omnisphere 5 C18 Varian Chrompack c18 5 1
Vydac 214M8 Vydac Polymeric C4 3,510,1520 30 nm
Vydac 218M8 Vydac Polymeric C18 3,5 10,15,20 30nm
Vydac 238MS Vydac Monomeric C18 3,510,15,20 30nm
Symmetry Waters 8, C18 35,5 Unspecified
| XTerra Waters (8, C18 25,355 Unspecified
YMC basic Waters 8 35 Unspecified
YMC Pro C18 Waters 8, C18 3,5 Unspecified

Column Lengths
{mm}

10, 20

* Agilent Technologies (Wilmington, Delaware); Alltech Associates, Inc. (Deerfield, llinois); Beckman Coulter, Inc. (Fullerton, California); ChromTech A8 (Hagersten,
Sweden); Cohesive Technologies Inc. (Franklin, Massachusetts); Eichrom Technologies, inc. (Darien, lllinois); EM Science/Merck (Gibbstown, New Jersey); Higgins

30, 50, 100, 150, 250 1,2
50, 100, 150 1,22
150, 250 2
30, 50, 100, 250 12
10, 20 2,4
30, 50, 150, 250 1,2,:
10-300 05,1
9.4,
50, 150, 250 2.1
30, 50, 100, 150, 200, 250 1,219
30, 50, 100, 150, 200, 250 1,21
30, 50, 100, 150, 200, 250 121
30, 50, 100, 150, 200, 250 1,21
20, 30-250, 50, 100, 150 0.15,
20, 30-250, 50, 100, 150 0.15,
100 2
100 2
100 2
150 2
150 2
100 ]
150 2
10, 20, 30, 50, 100, 150 2,21
150 1, 2.1
100, 150 2,21
150 1,21
50, 100, 150 2.3
100, 150 2
100 2
150 2,3
100-250 Vario
top
100-250 E Varig
g top
100-250 Vario
’ to P
10, 20, 30, 50, 150, !‘ 1,24
250, 300 19,
10, 20, 30, 50, 150, 1,21
250, 300 19,
19, 20, 30, 50, 75, 100, E %3]
150, 250 i
10, 20, 30, 50, 75, 100, 172}
150, 250 30,
—
{Su
{Bel
Wa

Analytical (Mountain View, California); Jones Chromatography Inc. (Lakewood, Colorada); Michrom BioResources, Inc. (Auburn, California); Micro-Tech Scientific Inc.




0, 250
10, 250
16, 250
10, 250

I, 150
), 150

, 150

i, 100, 1,2,3,486,6, 10, 20,
30, 50
R
ersten,
gins
tific Inc.

-
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Column Diameters
{mm}

2,4
1,2
1,23
2

1,2
24
1,23

05, 1,21,3,4, 46,
9.4, 21, 42.4, 50

2.1

1,21,32,456
1,21,3.2 46
1,21,3.2, 46
1,21,32, 456

0.15,0.3, 1-4.6, 4
0.15, 0.3, 1-4.6, 4

MN N NNN

2,21,3,456
1, 2.1
2,213
1,21

2,3

Various, capillary
to preparative

Various, capillary
to preparative

Various, capillary
to preparative

1, 2.1, 3,46, 7.8,
19, 30

1,21,3,46, 7.8,
19, 30

1,23 46
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Comments

Low-cost LC-MS cartridge with bleed-free polar endcapped media; stable in 100% aqueous mobile phases.

Very high hydrophobicity €18 phase on high-surface-area silica for use with high concentrations of organic solvent.
Recommended for general-purpose LC-MS applications.

Recommended for analyzing moderately hydrophobic proteins and peptides.

High surface area silica; high carbon load for use with high concentrations of organic modifier; stable at pH 1.5-10.0.
Low-cost cartridges for general-purpose applications.

Bleed-free endcapped €30 phase; recommended for analyzing highly polar compounds.

Recommended for analyzing polar analytes; can be operated in size-exclusion or hydrophilic interaction mode.

PH 1-14 range; low trifluoroacetic acid concentrations for peptide and protein analysis; wide-pore version for
analyzing large biomolecules.

Recommended for analyzing acidic analytes. {

Recommended for analyzing basic analytes.
Recommended for analyzing neutral, slightly polar analytes.

Base-deactivated phase with polar group embedded in hydrocarbon chain; recommended for analyzing polar, basic,
and acidic analytes,

No-bleed; stable at pH 0.9-9.0; available as capillary columns and in direct-connect format.

Alternative selectivify; recommended for analyzing acidic, basic, neutral, and chelating analytes; available as capillary
columns and in direct-connect format,

Recommended for analyzing polynuclear aromatic hydrocarbons.

Recommended for analyzing polynuclear aromatic hydrocarbons.

Peak shape and resolution retained for polypeptides in 0.02% trifluoroacetic acid.

Peak shape and resolution retained for polypeptides in 0.02% trifiuoroacetic acid.

Peak shape and resolution retained for polypeptides in 0.02% trifluoroacetic acid or 0.005% heptafluorobutyric acid.
Recommended for lead generation and optimization; high speed; high capacity.

Recommended for lead generation and optimization; hybrid particle with 1-12 pH range.

Recommended for lead generation; additives unnecessary for hasic compounds.

Recommended for lead generation and optimization; Lewis acid-base endcapping for high efficiency.

(Sunnyvale, California); Phenomenex {Torrance, California); PolyLC Inc. (Columbia, Maryland); Polymer Laboratories Inc. {Amherst, Massachusetts); Restek Corp.
(Bellefonte, Pennsylvania); ThermoQuest Hypersil (Runcorn, United Kingdom); Varian Chrompack (Middelburg, The Netherlands); Vydac (Hesperia, California);
Waters Corp. (Milford, Massachusetts).




414 LCGC VORUME 18 NUMBER 4 APRIL 2000

1
(a) 234
56
1
(b) 234
M7
1
(© W 5 6
A B e 012
Time {min)

Figure 1: Chromatograms generated using
systems with extracolumn volumes equal to {a)
1 L (2.5% of peak 2 volume), (b) 10 pL (25%
of peak 2 volume), and (c} 20 kL (50% of peak
2 volume). Column: 150 mm X 2 mm Zorbax C8;
mobile phase: 40:60 water-acetonitrile; flow
rate: 200 pL/min.

ing contributed by the connecting tubing
and fittings, respectively; and o3, is peak
broadening in the detector. For LC-MS,
the lase contribution will be the sum of
band broadening in the flow cell of an in-
line UV detector (if used) and band broad-
ening in the electrospray ionization inter-
face.

With conventional 4.6-mm i.d. col-
umns, the typical peak volumes are large
enough that the broadening contributed by
the last four terms is insignificant, as long
as users heed the above recommendations.
With microbore columns, peak volumes
may be as small as a few microliters, partic-
ularly for early eluted components. In this
case, the sum of the extracolumn contribu-
tions to band broadening can dominate
the total broadening and cause a disastrous
loss of resolution (Figure 1). The chro-
matograms in Figure 1 were obtained using
a 2-mm i.d. column packed with 3-pm
particles and operated at a flow rate of 200
pL/min. An increase in extracolumn vol-
ume from 5% to 50% of the peak volume
(peak 2, approximately 40 pL) caused a
30% loss in resolution (Figure 2).

www.chromatographyonline.com www.ch

Figure 2: Plots showing the effect of extracolumn volume on efficiency and resolution. Chro-
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matographic conditions were the same as in Figure 1.

To keep extracolumn volume to a min-
imum, the system’s connecting lines
berween the injector and the mass spec-
trometer should be plumbed with 0.005-
in. i.d. tubing, In the case of 1-mm i.d.
columns, analysts can assemble transfer
lines using 0.0025-in. i.d. tubing. How-
ever, tubing with such a small inner diame-
ter is easily plugged, and filtration of
mobile phases and samples is advisable. If
an in-line filter is used before the analytical
column — always a good idea — it should
be of the smallest inner volume available.
Several low-volume in-line filters are avail-
able from accessory suppliers. Similarly,
guard columns should be mated with the
analytical column in inner diameter as well
as packing characteristics. If the system
includes an in-line UV detector, the con-
ventional flow cell should be swapped for a
microflow cell. Microflow cells typically
have 20-25% the volume of a conven-
tional cell, and they help reduce peak
broadening in the detector. Unfortunately,
this reduction in peak broadening must
come at the expense of sensitivity: the opti-
cal pathlength in microflow cells typically
is one-fourth that of a conventional cell. As
a rule of thumb, the toral extracolumn vol-
ume of the system should be less than
10-20% of the volume of the narrowest
peak in the separation.

If a gradient LC method is adapted for
LC-MS using a microbore column, the

system dwell volume can be a major obsta-
cle. Dwell volume is the total volume
between the point at which the solvents are
blended and the column inler. It comprises
the summed volume of the connecting
lines, injector, and all hydraulic compo-
nents downstream from the gradient mixer
{for example, pulse dampers, precolumns,
and in-line filters). In a conventional LC
system, this volume can be as small as a
few hundred microliters to more than
10 mL. A large dwell volume may be an
annoyance with conventional columns, but
it can make the installation of a microbore
column totally impractical. Consider a typ-
ical system dwell volume of 3 mL: this vol-
ume causes a 3-min gradient holdup time
for a 4.6-mm i.d. column operated art 1.0
mL/min, a 15-min holdup time for a 2-
mm i.d. column operated at 200 pwL/min,
and a 1-h delay time for a 1-mm i.d. col-
umn pumped at 50 pL/min. It may be
possible to replumb a conventional HPLC
system to reduce dwell volume. For exam-
ple, analysts can use commercially available
microbore-compatible mixers with volumes
of 50 pL or less. However, investing in a
dedicared microbore HPLC system could
be the best strategy if you plan to perform
routine gradient LC-MS methods with
narrow-bore columns.

In-line UV detector: Incorporating a
UV detector in an LC-MS system provides
two advantages: First, a UV detector can
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be used simuleancously during separation
method development without tying up a
mass spectrometer. Second, it can provide
an additional dimension of information in
LC-MS analyses. This additional informa-
tion can be a uscful troubleshooting tool
when determining whether a problem
resides in the chromarography or the mass
specrometer. A downside of including a
UV detector is the added extracolumn vol-
ume, which is a particular concern with
microbore columns.

Switching valves and flow splitters:
An automated multiport switching valve
installed between a column and an MS
detector is a very useful, and arguably nec-
essary, addition to an LC-MS system. The
switching valve allows diversion of early
cluted components to waste before analyre
elution, which prevents the source from
being plugged by unretained salts and the
source and mass analyzer from being con-
taminated by polar sample matrix compo-
nents. Analysts should adjust the solvent
strength so that the earliest analyre is
recained for a sufficient period after valve
switching to allow stabilization of the elec-
trospray. For applications in which the
electrospray ionization source is operared at
clevated temperatures, continued delivery
of mobile phase can be maintained by a
second {makeup) HPLC pump during the
period when column eluent is being
diverted to waste. Continuous mobile-
phase delivery to the source will prevent
large temperature changes in the electro-
spray source.

If an LC-MS system is configured with
2 4.6-mm i.d. column operated at typical
flow rates, a splitter installed between the
column and mass spectrometer may be
necessary to reduce the mobile-phase flow
delivered to the mass spectrometer. A sim-
ple low-volume splitter tee typically is
used, and the waste tubing diameter and
fength are adjusted to provide the desired
split ratio. An estimate of the required
length can be obtained from the following
expression:

Fu ) [ Dy)*
Ly= Lys (‘ﬁ) (B:‘z) 2]

where Lygs and Ly are the lengths of the
connecting tubing between the splitter and
tnass spectrometer and between the splitter
and waste, respectively; FRyg/ Ry is the
desired split ratio berween the mass spec-
trometer and waste flows; and Dy and

Ds are the inner diameters of the con-
necting lines to wastc and mass spectrome-
ter. This equation assumes isocratic condi-
tions and constant inner tube diameter
from the splitter to the electrospray orifice.
For example, if a system has 20 cm of
0.005-in. i.d. tubing from the splitter 1o
the electrospray orifice, approximately 17
cm of 0.010-in. i.d. tubing will be needed
on the waste line to provide a flow of 50
rL/min to the mass spectrometer if the
mobile-phase flow rate is 1 mL/min.

infusion pump for analyte introduc-
tion: Introducing the analyte into the
mobile-phase flow using an infusion pump
and mixing tee is a convenient setup for
optimizing ionization source and mass
spectrometer patameters. An infusion
pump enables straightforward MS opti-
mization with the same solvent composi-
tion used for the chromatography.

Selecting the Mobile Phase

A major strength of HPLC is its flexibilicy
in fine-tuning separation selectivity by
optimizing the mobile-phase composition.
However, nonvolatile buffers such as
phosphate, citrate, Tris, and borate that
often are used in reversed-phase and ion-
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exchange chromatography are incompari-
ble with most mass spectrometers because
they would rapidly plug the ionization and
source components. This has been a limi-
tation in developing or adapting HPLC
methods for LC-MS. Forrunately, many
reversed-phase separations can be achieved
at low pH, and volatile organic acids such
as formic and acetic acid can be used to
control pH in the pH 2.5-3.5 range.
Ammonium and triethylamine salts of
these acids can be used to buffer mobile-
phase pH in the pH 3-G range. Ammo-
nium bicarbonate and carbonate can be
used as volatile buffering agents for neutral
(pH 6-8) and alkaline {pH 9-11) mobile
phases, respectively. The concentration of
the buffering agent should be kept as low
as possible to avoid suppression of the ana-
lyze signal.

The recent development of orthogonal
electrospray ionization systems has relaxed
the constraints on mobile-phase composi-
tion in LC-MS. In these designs, the elec-
trospray cone is formed at right angles to
the source in a manner that nonvolatile
salts are directed away. These systems are
compatible with low levels of nonvolatile
buffers (for example, 10 mM phosphate)
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and can be operated for several hours with-
out plugging or contaminating the source.
Trifluoracetic acid is commonly used as
an additive for reversed-phase chromatog-
raphy of peptides and proteins. It typically
provides better resolution and peak shape
than acetic or formic acid, presumably
because its stronger acidity more effectively
suppresses silanol ionization. Its use is
problematic in LC-MS, however, because
it can cause spray instability and signal
suppression. The latter effect has been
areribured to the high conductivity and
surface tension of wrifluoroaceric acid and
to ion-pair formation with basic analytes.
Two solutions to the trifluoroacetic
acid problem are available: First, some ven-
dors are producing reversed-phase columns
that provide good chromatography with
nonfluorinated organic acids (see above
and Table I), which obviate the need for
trifluoroacetic acid. Second, users can
introduce a weaker acid by postcolumn
addition to suppress the effects of trifluo-
roacetic acid. In this technique, devised by
Apftel and co-workers (4,5) and called the
TFA fix, a 75:25 (viv) mixwute of propionic
acid and 2-propanol are pumped at half
the mobile-phase flow rate through 2 low-
volume mixing tee between the column
and the mass spectrometer. Apffel and col-
leagues observed a 10- to 50-fold enhance-
ment in signal strength using the wifluo-
roacetic acid fix. A recent refinement using
neat acetic acid delivered at half the
mobile-phase flow rate provided a signifi-
cant increase in sensitivity for peptides (6).

Summary

Satisfactory performance of an LC-MS$S
system in terms of resolution, precision,
and reliability requires careful attention to
several components of the HPLC system.
The column should be selected to provide
satisfactory resolution within the con-
straints set by the mass spectrometer on
mobile-phase composition. For high-
throughput environments, column
longevity and batch-to-batch consistency
are important considerations. Column
dimensions can be scaled to match the
flow compatibility of the MS ionization
system. For dirty or complex samples, suit-
able column protection devices such as fil-
ters and guard columns are a must. Most
HPLC systems can be used for LC-MS
with little modification other than shorten-
ing connecting tubing and installing
switching valves and splitters. However,
applications such as gradient microbore LC
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may warrant investment in a dedicated
microbore HPLC system. Although avoid-
ing nonvolatile mobile-phase components
has been common wisdom in LC-MS, this
policy is changing with the introduction of
orthogonal electrospray ionization systems.
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