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Presenter: Thomas Waeghe, Ph.D.

ol Agilent Technologies

For audio, dial 888-839-9630 or International 01-703-871-3881

In November 2001, Tom joined Agilent Techhologies as a
Technical Marketing Engineer. He currently is an Inside
Application Engineer in the Americas Field Organization in the
Customer Contact Center at the Little Falls site here in
Wilmington, Delaware. His primary responsibility is to provide
LC column and application technical support for Agilent's
Americas’ customers. Tom also supports solid-phase extraction
applications, and has secondary responsibiliies for GC columns
and applications and capillary electrophoresis capillaries and
applications. Tom is involved in writing new Frequently Asked
Questions for the Agilent web site, and has written articles on
several topics for Agilent in Pharmaceutical Analysis and
Separation Times magazines.

Before joining Agilent Technologies, Dr. Waeghe came to
Delaware in 1983 and joined DuPont's Agricultural Products
business as an analytical chemist.. Tom supported a variety of
different functions within the agrichemical business unit
including formulation development, process development,
product registration, and residue analysis.

Chairperson: Dara Main
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Atmospheric Pressure lonization (APl) LC/MS
Techniques

1. Electrospray (ESI)

2. Atmospheric Pressure Chemical lonization (APCI)

3. Atmospheric Pressure Photo lonization (APPI)

‘% Agilent Technologi
- Nguantlechaclogies For audio, dial $88-839-9630 or International 01-703.671.3881 Pags

Chairperson: Dara Main

Atmospheric Pressure lonization (APl) LC/MS Techniques
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Relative Applicability of Atmospheric Pressure

lonization Techniques

100,000

Molecular Weight

-“-‘-_-‘-'—‘-‘-l—u

10

honpolar very polar
Analyte Polarity
£ Agilent Technologies

For audio, dial 888-839-9630 or International 01-703-871-3881 Page 7
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Relative Applicability of Atmospheric Pressure lonization Techniques
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Definition and Application of Electrospray Technique

« Electrospray can be used for high and low molecular weight
ionizable solutes.

+ Compounds which are ions in solution

+ Samples that carry multiply charges in solution
(e.g., peptides, proteins)

+ Samples that contain heteroatoms

+ Compounds which can accept a charge by induction

+ Avoid samples with extremely non-polar analytes, where
charge induction is inefficient

* lons are formed from the mobile phase by ejection from
shrinking charged droplets. The solvent is dried to shrink the
particles and a strong electric field is applied to the charged
droplet.

i Agilent Technologi
grient Techndlogies For audio, dial 888-839-9630 or International 01-703.871.3881 Page 3
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Definition and Application of Electrospray Technique
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ESI| Process

Charged Droplets =—> Analyte lons

\

Solvent lon Clusters
Salts/lon pairs
Neutrals

Evaporation &
\ .ﬁ% -=:{>-:’,>-={} @ Solvent lon Cluster
Rayleigh oY
Limt < B¢
Reached  ~ “2&F a‘?}%
;oly eV

@ Analyte lon

Coulomb Explosions
Agilent Technologies

For audio, dial 888-839-9630 or International 01-703-871-3881 Page 9
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ESI Process
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Agilent 1100 LC/MSD VL AP
Electrospray

|

HFLC inlet —————

Skimmers Lenaes HED detector

Mebulizer

as inlet
f Capillary Qctopole Gladrupaole

MHebulizer

Meutral Wolecules

Fragmentation
Zone (I
Agilent Technologies o i
For audio, dial 888-839-9630 or International 01-703-871-3881 Fage 10
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Key Chromatographic Points in Use of
Electrospray

« Mobile phase can provide charged analytes
« Mobile phase pH is critical
« Know the pK, values of sample components
——®. Apalyze acids, bases — anything with a charge

« Operates over awide flow rate range — 1 pL/min up to
1 mL/min {with Agilent LC/MS) /

« Accommodates columns frnm_ﬁ'énufcapillary (proteins
and peptides) up to analytical 4.6 mm ID with smaller
IDs usually preferred for best sensitivity

« Compatible with reversed-phase solvents

« Reversed-phase column selection for some charged
/( analytes may be difficult due to limited retention

- Agilent Technologi
- Nguantlechaclogies For audio, dial $88-839-9630 or International 01-703.671.3881 Page 11

Chairperson: Dara Main

Key Chromatographic Points in Use of Electrospray
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Definition and Application of APCI| Technique

« In APCI, electrons discharged from a corona needle ionize the
vaporized mobile phase, which subsequently undergoes a gas
phase chemical reaction in which charged solvent molecules
transfer that charge to the gas phase analyte

* lons formed in the spray by charge transfer from solvent
molecules (>> No preformed ions needed for APCI)

+ Good for small molecules (< 1500), polar to non-polar and semi-
volatile.

* Not good for biomolecules because they are rarely volatile

« Avoid samples that are typically charged in solution because ESI
will usually be more sensitive.

« Avoid samples that are extremely thermally unstable or
photosensitive because they will tend to fragment completely in
APCI. For the latter, try APPI instead.

i Agilent Technologi
grient lechnologles For audio, dial 888-839-9630 or International 01-703-871.3881 Page 12
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Definition and Application of APCI Technique
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APCI| and APPI Sources for the LC/MSD

APCI APPI

inlet\ / Hehulizer inlet\ /

Hehulizer

Uapurizew""'

{heater)

\.-‘apurizerff"'

(heater)
Drying

Corona

needle Capillary

« Corona needle in APCI vs. UV lamp in APPI

i Agilent Technologi
ot el For audio, dial 888-839-9630 or International 01-703-871-3861 Page 13
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APCI and APPI Sources for the LC/MSD
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AP Chemical lonization (APCI) Process

Analyte containing aerosol

e @
o0 e
®g®0 @
® oo o
©c° @ %@ Charge transt
® t argfwrans er
¢ _& o analyte
® ¥g ®
Charged reagent
gas formed e ©
@ @

@
Analyte ions

i Agilent Technologi
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AP Chemical lonization (APCI) Process
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Agilent 1100 LC/MSD - APCI

Vaporize in gas phase and ionize the gas with a discharge

Nebulizer ———

Skimmers Lenses HED detector
Heater
Capillang 1 Qctopole l Quadrupole
[Solv+H] + A -
Solv + [A+H] ’
f 5 L}
bF--, =
ﬂ:.l—hn:-n-g::ﬂgw '@@é w%
Ll
LY
I-l . . =

i
€

Fragmentatian
Zone (00
Agilent Technologies o i
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Key Chromatographic Points in Use of APCI

« Operates over a wide flow rate range —up to 1.5
mL/min

« Therefore, can use with 2.1 — 4.6 mm id columns,
with 3.0 mm id popular for APCI and ESI with
same instrument

« Use with reversed-phase buffered mobile phases
up to 100 mM

« Use with selected normal phase solvents to
accommodate nonpolar analytes.

i Agilent Technologi
- Nguantlechaclogies For audio, dial $88-839-9630 or International 01-703.671.3881 Fage 16
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Key Chromatographic Points in Use of APCI
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Definition and Application of APPI
Atmospheric Photoionization

Agilent Technologies

APPI — atmospheric pressure photoionization is a new
source for LC/MS

Good for many non-polar compounds, e.g., PAHs, Vitamin
E

Two modes — with dopant and without dopant

Dopant - a solvent that ionizes easily at the wavelength of
the photoionization lamp and then transfers a charge to
the analytes

No dopant — the analyte is ionized directly by a photon

APPl is a complimentary APl technique relative to APCI
and ESI

Simple method development — no corona discharge
current optimization — lamp is either on or off

For audio, dial 888-839-9630 or International 01-703-871-3881 Page 17
Chairperson: Dara Main

Definition and Application of APPI Atmospheric Photoionization
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APPI Mechanisms

Direct APPI
Analyte molecule M is ionized to molecular ion M
M+hy — M* +e Analyte ionization potential must be below
photon energy

o+ . + + Molecular ion M~ may abstract a hydrogen
M™ + SH [M+H] +3 to form [M+H]*

Dopant APPI

D + hv D* + e Photnio.rji_zable dopantD is in excess and yields
many D™ ions

o+ S + Analyte M ionizes by proton transfer from
D" +M [M+H] +D dopant or solvent

DY+M — M* +D D ionizes analyte M by electron transfer

i Agilent Technologi
grient lechnologles For audio, dial 888-839-9630 or International 01-703-871.3881 Page 15

Chairperson: Dara Main

APPI| Mechanisms
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APPI Process

Analyte containing ° 2 o o

aerosol o OD $ O
o o ® 940
2" 00 0
0e®. 0 °

®0 @
% g
Vapor o a EB@D
0 ®0" @
e P
Dopant is

photoionized and
acts as reagent
gas

For audio, dial 888-839-9630 or International 01-703-871-3881 P age 19
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APPI Process

Agilent Technologies
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Atmospheric Pressure lonization Techniques

ESI APCI/APPI

* Volatility not required « Some volatility required

* Preferred technique for . Analyte must be
thermally sensitive
analytes

thermally stable

* lons formed in gas

phase—produces singly

« Can form multiply charged ions
charged ions

*» lons formed in solution

* Upper limit for molecular

t » Upper limit for molecular
weight at 100,000 Da — PP 1000 D
ionization technique for Lo ie il & L=
small molecules and ionization technique for
biomolecules small molecules
A2 Mghent Teshnclogies For audio, dial 888-839-9630 or International 01-703.871.3881 P age 20
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Atmospheric Pressure lonization Techniques
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Break Number 1

For questions, at break
please dial 1 on your
phone, or type in the
Question Box at any
time during the
presentation.

Agilent Technologies

|" “vemaes Question & Answer Session

Flease type your question into the

. Question Box at any time durin
< ,—-> y a

~ . the presentation.

By e

For audio, dial 888-839-9630 or International 01-703-871-3881 P age 21
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Selecting Columns and Conditions for LC/MS

« Column Configuration
« Column length — chromatographic resolution
« Column particle size — chromatographic resolution
« Column internal diameter — flow rate, available
sample
« Mobile Phase Selection

» Enhance ionization of solutes — based on AP
technique used — ESI, APCI, APPI

« Improve sensitivity
« Volatile additives

« Bonded phase

« Choose for optimum lifetime and low bleed at pH of
mobile phase

i Agilent Technologi
- Nguantlechaclogies For audio, dial $88-839-9630 or International 01-703.671.3881 Page 22
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Selecting Columns and Conditions for LC/MS
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Agilent LC/MS Column Configurations

Column - - Flow Rate
Column Type | Column 1.D. Lengths Particle Sizes Range
100 — 600
Nano 0.075, 0.10 mm| 50, 150 mm 3.5 um nL/min
Capillary | 0.3,05mm | %1920 1 35 5um |1 - 10 uLmin
MicroBore 1.0 mm 30, 50,150 mm| 3.5, 5um (30— 60 ulimin
NarrowBore | 24mm | 15-250mm |1.8,35,5um | 01-03
) T mL/min
Solvent Saver 3.0 mm 50 — 250 mm 3.5, 5um 0.3 -1 mL/min
Analytical 4.6 mm 15-250mm | 1.8, 3.5, 5um [1 — 1.5 mL/min
i Agilent Technologies For audio, dial 888-839-9630 or International 01-703.871-3881 P age 23

Chairperson: Dara Main

Agilent LC/MS Column Configurations
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Choose Longer Columns for Complex Samples

Al 5
UV 210 nm
40 1 Chromatographic Conditions
Calumr; ZORBAX Extend-C15, 24 ® 150 mm, 5 pm
207 Mohile phase: £=10 mhd MH OH inwater

B=15 mh MH,2H in 60% acetonitrilefsater

o - Gradiert: 0% B for 5 minute to 55% at 40 minutes
Flovwy rate: 0.2 mlfmin
-

20 lﬂ Temperature: 40
L I‘ l Sample: tryptic digest of oytachrome C
L A Injection wolume: 2 pl (164 pg an column)
407 i . . ~ - _"ﬁ'_" — Diode-array detector: signal 210, 4 nm; reference 400, 100 nm
jD 15 20 25 20 min
MS BPC ESI M5 Conditions
3000007 Source: EZI, positive ion mode
3 Voap: 4500 W
Mebulizer: 25 psig
200000 Dirying gas flow: 10 Lmin @ 300 °C
Scan range: 300 - 2500 smu v stepsize 015
] ’ Peakwidth: 0.22 min
100000 | ‘ Titne fiter: an
|| || ’“ | | | || Fragmentor: 100 %
] |
] j WL RS | '\_ul \ 'J”L-' I' _____ ) l"JII'-*_ _.| | _-'I . A
10 1I5 2IIII 2I5 S:III rin
Agilent Technologies o i
For audio, dial 888-830-9630 or International 01-703-871-3881 Fage 24
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Choose Longer Columns for Complex Samples
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Choose Longer Columns for Maximum
Chromatographic Resolution
2.1 x 150 mm Column

ﬂ\ﬁ xl
Clobazm T (F Column: ZORBAX SB-CN
méz = 30 G lobazam l" L 2= 180 mm, Sum
i T T T T 1 1 1 T 1 hdobile Phase: G0% water + 02 % formic acd
) 07 ns % ACH
Diaze pam Flow R ate: 0225 mbimin
miz = 24§ Diiaze pam = Detection: Electrospray Positive lon
Sample: Benzodiaze pines

326 EI] 1. Bromazepam
Laraze pam m 2. Oxazepam
miz =34 Lumazep am 2. Lorazepam
] )

4. Diazepam
a {\ a0 erere et 5. Clobazam
Oirmzepam

n
miz = 27 D zepam
[ I Diemzepam L“

2 o1 I T T T T T T T T 1
Eroma zepam M
mi= 36 u
T T 1

Bmmazepam
Tutal ln Chromats g m A — T T T T
¥OOB0 B0 RN R M0 m0 o 30 W 3

3
2o aad 457 mk
T VT S L L A O
T T T T 1
1 2

3 4 5

[
]

Tme (min]

+ Longer columns provide chromatographic resolution, while the MS identifies the components.

i Agilent Technologi
grient Techndlogies For audio, dial 888-839-9630 or International 01-703.871.3881 Page 25

Chairperson: Dara Main

Choose Longer Columns for Maximum Chromatographic Resolution 2.1 x 150 mm Column
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Choose Shorter Columns for Fast Analysis with MS
Identification
2.1 x 50 mm Column

Snqle lon Chomat qams m
e Cloba 2am m Column: Z0ORBAY, SB-CH
miz = 5 b bazam L] m 24 =80 mm, 5 um
I T T T T ,l — ll ! fobile Phase: G0% water + 02 % formic
b Diazepam = add 40% ACH
miz = 255 Diszepam a Flow Fate: 020 mLimin
Crete clion: Electrospray Positive lon
Lorazep am LI L L Sample: B enzo diaze pines
me = 351 2t 1. Bromazzpam
m 2. Oxazepam

Lomzepam 3.LD[EZEFIEIT|

(134 33:2&2:? f T T T T T T T 4. Diazepam
. [Diazepam) e E 5. Clabazam
1%
Oxazepam
f H, BIb mazepam I — T T T I E— 1
mz = §16
111

i
Eramazepam u

115
1_15 134

f T T T T T T T T 1
Total lon Chro mabs gram B0t M W XA 2Ed O 00 R0 EWM
mi

Trne [mn]

+ A shorter column provides faster analysis and enough separation for accurate
identification by MS.
i Agilent Technologi
ot For audio, dial 888-839-9630 or International 01-703.871-3881 P.age 20
Chairperson: Dara Main

Choose Shorter Columns for Fast Analysis with MS Identification 2.1 x 50 mm Column
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Choose Short Columns with Sub Two-Micron Particles
for Rapid LC/MS
APCI Analysis of Clindamycin and Lincomycin

Column: Z0REAY Rapid Resolution HT SBE-C158 2.1 = 20 mm, 1.5 pm Mobile Phase: Gradient: 15 -50% B in 1 min, hold for 1.5 min,

A02% formic acdd pH, 28 B: ACH + 0.2% fomic acd Fosttime: 1.5 min Flow Rate: 05 mU'min  Injedion WYalume: 1 uL Temperature: Ambient
HPLC: Agilent 1100 with WP S and ADWYE on

[retection: APCI, Positive ion M5 Conditions: Pealwidth: 0.10min Scan: 150 —600 Da, step 0.1 Fragmentor 70 &Gas Temp: 350° C Vaporizer: 250° C
Drying gas: 12 fmin, Mebulizer pres. 50 psi, Weap +20000, Corona: 40 maA

Sample: 1. Lincomycin 2. Clindamycn

TIC “‘

Toomo
{omo
Tanmao 2
onmao

Amnmao

mmao

T T T T T T T T T T
0.25 0.4 0.75 1 1.25 1.5 1.75 2 225 min

*High throughput gradient LC/MS is readily achieved with the Rapid Resolution HT columns.
+A narrow bore (2.1 mm id) column and formic acid were chosen for LC/IMS compatibility.

i Agilent Technologi
grant lecinologies For audio, dial 888-839.9630 or International 01-703.871-3881 Page 27
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Choose Short Columns with Sub Two-Micron Particles for Rapid LC/MS APCI Analysis of
Clindamycin and...
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Mass Spectra of Clindamycin and Lincomycin
High Throughput LC/MS with Rapid Resolution HT Column

Coaonditions: see previous slide

==3 Lincomycin spectrum Max: 403958
== 1.45 min.
2510
amam
1000m = - a

o i ,;i o a9 - E 2

. LR L LA N E

m am «m o " miz
- 1 Clindamycin spectrum | Mo 15512
1.84 min.
m —
qaam -
am 4 8 .
4 ol & i . -

i §,l|5§ : iroasd 38 fg EF

O - ek bk A | -

St it For audio, dial 888.839.9630 or International 01.703.871.3881 Page 28

Chairperson: Dara Main

Mass Spectra of Clindamycin and Lincomycin High Throughput LC/MS with Rapid Resolution HT
Column
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Solvent Saver 3.0 mm L.D. is Ideal for Converting from

LC to LC/MS

Condiions: Calumn: ZORBAX 5B-C18, Solvent Sawer Plus, 2.0 100 mm, 3.5 um, habile Phase: 70% b ethan ol + 0 A% fomic acd:
230% vuater H1A% famic acid Flown R ate: 0425 mL.min  Detection & W 254 nm B: Positive ion AP C1 C: Positive lon Electrospray

Sample: Stemids 1. Tiamdnolone 2 Hydrocotizone 2. Codizone acetate 4 Deowxycoficosterone 5. Hydroxepogesterone G, Pogesterone

maL

4

LC-Uv
3

0 7 4 & g 10

—— LC-APCHMS

12 14 16 min

0 A ' 6 g 10

umE LC-ESEMS

12 14 16 min

0 2 4 6 8 10

Agilent Technologies

12 14 16 min

For audio, dial 888-839-9630 or International 01-703-871-3881 P age 28
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Solvent Saver 3.0 mm 1.D. is Ideal for Converting from LC to LC/MS
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Choose Capillary Columns for LC/MS of Proteins and
Peptides
Identifiy Peptide Phosphorylation Sites by LC/MS

Column: ZOREBAX 3005B-C42, 03 = 150 mm, Sum  Mobile phase gradient: 5 —-55%8B in 50 min, to 85% B from S5- 57 min A 0.4% formic acd
inwater B:0A% fomicacddin ACH,  FlowwRate: 55 ulimin Detecton: U205 nm Sample: Beta casein digest @ pmaol)  Injection Wolome:
100 L LCMAS: Pos. lon ES] with LCAWS D trap —, Weap 9000, Dring gas flowe: 7 Umin Drying gas temperature: 250°C Mebulizer: 15 ps=i,
Capillary ExtWolt: 500 MaxAccum Time: 300 ms - Total Averages: 3 |solation Wiidth: 2 mé& Frag Ampitode: 100

: “5.: ==
na MS 23
5 us % 2a Full Scan MS
1 phosphopep : et
H H 'a
g oz / e os \L
oo T‘:-ﬂ TL:‘ ;n.u . |=E?.‘ I?I:::n

o 15 A 25 A X @ & 0 Tme

[MH;-H, PO F" [H ;-H 0 F

_ 3 hASMA S of ful+2 H]2*
| a N at sz 1032
m 2
: a 5
E 1 :
z [
m - ~|IJ|.I|_I ‘I.“ -..-H"I"._-'- ¥ ! |" _I.
L —h— FOpSEEQOQATEDELQDK

o 15 @ 25 [ F 0 & A Tme i

|dentified sequence of phosphopeptide
+ LCIMSIMS identifies the phosphorylated peptide site in the digest sample.

- Agilent Technologi
grant lecinologies For audio, dial 888-839.9630 or International 01-703.871-3881 Page 20
Chairperson: Dara Main

Choose Capillary Columns for LC/MS of Proteins and Peptides Identifiy Peptide Phosphorylation
Site...

Page: 30




Choosing a Column and Conditions for LC-MS - 081605 - Tom Waeghe

Protein Separation on a NanoHPLC Column with
Nano-electrospray MS Detection

Intens.
: Column: FORBAN 3005B-C18, 0075 x 150 mm, 3.5 um
Mobile Phase: A water + 0.1% Formic acid, B: &CH + 0.1% Formic acid

7| Gradient: 29 Bto 529 B in 25 min

1.57 Flow Rate: E00 nlfmin
- Sample: 100 fm 1y digest of 8 Proteins
- Detection: Positive lon Mano Electrospray M

1.0

na

) 75 100 125 150 175 200 2254 Time [min]

i Agilent Technologi
ot el For audio, dial 888-839-9630 or International 01-703-871-3861 Page 31
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Protein Separation on a NanoHPLC Column with Nano-electrospray MS Detection
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Break Number 2

For quES.tIDﬂS, at break |_“‘- Question & Answer Session
please dial 1 on your e
phone, or type in the - Please type your question into the
Question Box at any <"r -“> Question Box at any time during
time during the ~ the presentation.
presentation.
[r. o ] St -
= STTE -
. Aelent Tackaslogies For audio, dial 888-839-9630 or International 01-703-871-3881 Fage 32

Chairperson: Dara Main

Break Number 2
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LC/MS Mobile Phase Selection - ESI

« Select more volatile buffers to reduce the buildup of salts
inthe MS

« TFA, formate, acetate, ammonium hydroxide
« Adjust mobile phase pH to ionize analyte ions — and
possibly control polarity of ions
- Based on sample pKa
« Use solvents that enhance ion desorption {low surface
tension, low heat of vaporization)
« Avoid solvents and additives that suppress ionization
« Salts suppresses the ionization process
« Detergents interfere with the evaporation process

« Consider post column addition of solvents if no mobile
phase choice produces good chromatography — “TFA Fix”

- Agilent Technologi
- Nguantlechaclogies For audio, dial $88-839-9630 or International 01-703.671.3881 Page 3
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LC/MS Mobile Phase Selection - ESI
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Choosing a Volatile Mobile Phase

Comparison of Results with Volatile and Non-volatile
Mobile Phase Additives

Chemical Structure[lj CHs  Theobromine (TE)

- N M.W=180.17
s |, pKa <1, 10.0
o< "N N
0 |
| CH, 0 CH,
HyC i pe Iy
N | > 3 mN
R w [
1L ]
0 ﬂ 0 J\Nl
s CH,
Theophylline {TP) Caffeine (CF)
M.WW=180.17 M.W=194.19
pKa<1, 8.6 pKa=14
2 AghentTechaologies For audio, dial 888-839-9630 or International 01-703.871.3881 P age 34
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Choosing a Volatile Mobile Phase Comparison of Results with Volatile and Non-volatile Mobile Phase
A...
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Comparison Between Volatile Buffer and Non Volatile

Phosphate Buffer (pH 2.5)

(10 ppm injection:scan mode TIC)

Bhundanc = T B

“"*41) 5mM AcONH (pH 4 i
S00n TP
2000
1000

.o-"\h_
400010
1 42) 5MM KH2PO4 (pH 2.5)

CF

20000 TB TP

2 4

LC conditions

Caolumn: FORBAY Eclipse ¥DB-C18
21 ®x 150 mm, aum

Mahile Phase: 1) amM AcOMH(pH 4. ByeOH =20:20
27 amhd KHzP O (pH 2 8iiMeOH=80:20

Flow rate:  0.2mbUimin

Temp: 40°C

Injvolume:  aul

Agilent Technologies

g (qlly]

M5 conditions

lonization:  ESI

Mode: Positive

Mass range: miz 100-~200
Capillar walt.: 3. 8k
Fragmentor walt © 1004

Drying gas: Mz (12.00min, 350°C)
mebulizer gas:Ma {a0psi)

For audio, dial 888-839-9630 or International 01-703-871-3881 Page 25
Chairperson: Dara Main

Comparison Between Volatile Buffer and Non Volatile Phosphate Buffer (pH 2.5) (10 ppm

injection:sc...

Page: 35




Choosing a Column and Conditions for LC-MS - 081605 - Tom Waeghe

Adjust Mobile Phase pH to lonize
Molecules in Solution
ESI - LC/MS of Bases and Acids

Amphetamine Salicylic Acid
COQ
CH->CHCH |
Q T OH
NH+*

» Choose buffers that create charged
analytes.
* lonize sample based on analyte pK..

‘% Agilent Technologi
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Basic Compounds - Benzodiazepines

. 0
Diazepam o Bromazepam NH -7

oK & 33 @Q_‘g ka2g o MOl _
—N

Clobazam 0 Lorazepam _

MH
J@E“_é Katd s JOL_ o

0
Oxazepam NH =
0K 17 116 _N>‘°“

i Agilent Technologi
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Basic Compounds - Benzodiazepines
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Choose Low pH Mobile Phase for lonized Basic
Compounds
Positive lon ESI LC/MS of Benzodiazepines

0 Column: ZORBAK SB-CH
21 xS0 mm, S um
B Claba zam - hiobile Phase:  B0% water + 0.2%0formic acid
miz = i Clabazam ™ AE pH23 =30
J I T T T T |I —r— LI 1 40°% ACN
Flow Rate: 0.20 mLémin
fa { Diazepam . Dietection: Bectrospray Postive bon
Miz = 255 Diaze pam s Sample: Benzodiazepines
,'[ 1. Bromazepam
I T T T T T T T T 1 2 mazepa_n
163 m 3. lorazepam
Lorazepam - o Do
me = Lomzepam 5 Clobagam

I T T T T T T T
Oazepam

18 s
f\. e miz = & T .
; 0 2e pam OeaZepam -

I ) 1 ) 1 1 ) ) ) 1
||r Lz B mazepam m |
miz = §16
/ Eiruma 2¢ pam ux
1 11} 1

Tme [min) miz

v

o

-
-*
13
rr
e
wr
*

« Formic acid (pH 2.8 — 3.8) will Keep basic compounds positively charged for positive ion ESL.

i Agilent Technologi
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Mobile Phase Buffers for ESI

» Positive ion detection of basic
analytes

» Buffer choices (10 mM or less)
+ Acetate pKa 4.8
* Propionic acid pKa 4.8
+ Formate pKa 3.8
+ TFA highly acidic

« Typical analytes — amines,
amides, antibiotics

Keep pH 1 — 2 pH units above or below pKa of analytes.

£+ Agilent Technologies

+ Negative ion detection of acidic

analytes

+ Buffer choices {10 mM or less)

+ Ammonia pKa 9.2

+ Diethylamine pKa10.5
+ Triethylamine pKa10.7
+ Piperidine pKa11.1

+ Typical analytes — acids,

hydroxyls, phosphates, sulfates

For audio, dial 888-839-9630 or International 01-703-871-3881
Chairperson: Dara Main

Mobile Phase Buffers for ESI
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LC/MS Solvent Selection and Guidelines for
Successful APCI

» Select more volatile solvents

» Select protic solvents (MeOH) for positive ion
mode when possible

« Select solvents that readily capture an
electron for negative ion mode

« Ammonium salts in the mobile phase can
cause ammonium adducts to form

i Agilent Technologi
grient Techndlogies For audio, dial 888-839-9630 or International 01-703.871.3881 Page 40
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Carbamates by APCI: Extracted lons

Tomato extract spiked with 11 carbamates @
200 pgipl; 50 pl injected; Scan mode

Bhund.
MSTIC )
120000 120000 3 |1| o I'I M?I Ic
0000 I EQ0O00 JJ '11_'.1._;1\-\_’.‘_“ N II' |.J| I|,|1 1 JI Iu-_n.v'ﬂ‘-\_,_ﬂ"“"x.-"' -F’h'u"g_ ,_U,Jrl"__,\.-; Jﬁuwﬂw\_ﬂ./‘w\_ _,z\_.f\..lr'\\_‘l l\‘l I'-;
40000 || J H‘J‘ ,«L .H'-M'J'. -
il F—— - - - 12000 oyl I| r| I| aldicart e
&0 B A |.u|| |l
U @ 254 nim L J L ~J S ——....Lliii;:
el b aldicarb sulfore
a0 1500 ] iz 196
750 1 aldicarb sulfoxide
20 E .I I'-P". ‘_‘|I!|H__. PP I}"‘--.ﬁ. - .I!«. - o i i -
5 10 15 20 25 . H2000 |1 e iz 222
Conditions: 000 5 ||
Sample: 50 plx 200 pgipl i —_——— e e, e ———
Column: 100% 4 mmid. 3 pm T
Hypersil BDS cartidge ALt n carbaryl iz
Solvents: A Water, B: Methanol 1000 |L
Gradient. 25-78% B in 20 min e e e fatr ety petnte e tler
@ 0.8 mlimin ; N 1z 296
MS Data: Scanfrom100-510amu | 3000 3 Promessr ’| e
APCI%ap 400 °C, Drving Gas= 350 | 1500 methiocarb ||
“C ] B LT T s G | SR § S Ty T
25 a1 raa 10 125 15 175 i
i Agilent Technologi
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Electrospray lonization (ESI) vs. APCI

« If all analytes form ions in solution {on the column)?

Choose ESI with acetonitrile and volatile buffer

Choose 2.1 mm id columns for best sensitivity —
concentration sensitivity standard analytical

Choose microbore, capillary and nano for ESI of
complex peptide mixtures

For basic analytes choose positive ion mode

For acidic analytes choose negative ion mode

« If you can’t do ESI, then try APCI with methanol and
volatile buffer

» Choose 2.1 — 4.6 mm id columns

41 Agilent Technologies

For audio, dial 888-839-9630 or International 01-703-871-3881 P age 42
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Electrospray lonization (ESI) vs. APCI
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LC/MS Solvent Selection and Guidelines for
Successful APPI

If a compound photoionizes directly, adding dopant
may not improve the sensitivity

Methanol is a better solvent than acetonitrile in the
positive ion mode; acetone is a better dopant than
toluene in the negative ion mode

APPI sensitivity is usually similar to APCI

Vaporizer temperature is important

Photochemical reactions can and do occur

‘% Agilent Technologi
- Nguantlechaclogies For audio, dial $88-839-9630 or International 01-703.671.3881 Fage 43
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Effect of Chromatographic Solvent on
Photoionization of Fat-Soluble Vitamins

Methanol vy ACetonitrile
Fereity
s D2 Xﬂd T
. TC K
3
B
. z
E 1
: A | i vy LU
|~ AW L —
) )
20 A0 W
LN/
. = | |’|
10 |
| ||| o _‘1\_ _ S h
n] P I L -
20
o 1 2 3 4 & B 7 8 9 Tmefr 0 1 2z 3 4 & & T 8 3 Timefn

LC Conditions Column: 2.1 x50 mm Z0RBAX. X.DB-C8, 5 pm; hobile Phase: water (&), acetonitile(B Gradient: 20 to 100% B in S minutes; Flow ate:
400 plimin; Column temperature: 25°C; Inje ctar: 5 pl; DAD: signal 2108 nm, reference G000 nm. lon Trap MS Conditions: lonization mode: positive ion
APPI; Weap: 15000 2000 W with dop ant); Drying gas flowe: & 1fmin; Waporizer: 250°C Drying gas temperature: 350 °2C; Mebulizer: 80 psi; Skim 1: 20 W
Capillanyvoltage ; 4100, Scan: 100-1000 forinitial exp eime nts; Averages: 3; ICC: On; Max accomulation ime: 200 ms; T arget: 25000,
" Agilent Teckeologies For audio, dial 8888399630 or International 01-703.871-3881 Page 4
Chairperson: Dara Main
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Effect of Dopants on Photoionization of
Fat-Soluble Vitamins

Intereity

1T _ D,
®*{ Nodopant K
| Acetone dopant

o 1 z 3 q ol 5 T g Tirne: frin]

i Agilent Technologi
. PENBIT 16cAnolngies For audio, dial 888-839.9630 or International 01-703.871-3881 P age 46
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Analysis of Tocopherols (Vitamin E Isomers)
by APPI

3 3
HaC |
400000 ” |
' I
2: beta-tocopherol | |
300000 .
] 2 |
| 3
200000 I |
1 I
f [
100000 | | || | n
] 1: gamma-tocopherol ||| I [ [ |
f\ [ | III [
0 A : _ J /R N S
T T T | T T T I I T T | T T T I T T T | T T T | T T L] I T T T
2 4 ] 8 10 12 14
Agilent Technologies o i
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Good Chromatography Always Requires
Selecting the Best Bonded Phase

« Which bonded phase gives you the best
chromatography

* Which column gives you the best stability and
lifetime with your mobile phase?

‘% Agilent Technologi
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LC/MS Bonded Phase Selection at Low pH

1
Column: ZORBAX Rapid Resolution SB-C18,
2.1 x 80 mm, 3.5mm
hohile Phase: Gradient: 10 —40% B in 4 min.
Avater with 0.4% formic acid
i B: Methanal with 0.4% formic acid
Flowe Rate: 0.8 mLimin
a Temperature: 35°C
8 Detection: U 254 rim
Sample: Qrganic acids
' 1. Gallic A vanillic
7 2. Protocatechuric 6. Syringic
3. Hydrocaffeic 7. Sinapinic
4. Gentisic 2. Salicylic
U
E' Time (i) 5|

- StableBond is the best choice for low pH MS method
development due to long lifetime and no bonded-phase
leaching.

i Agilent Technologi
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LC/MS Bonded-Phase Selection at Mid pH

Column: ZO0RBAX Eclipse ZDB-C8, 21 x 150mim, 5um Flowy Rate: 0.3 mLAmin Temperature: RT  Sample:
1. Maproxen 2. Tolmetin 3. Ketoprofen 4. Phenylbutazone 5. Fenoprofen & Flurkbiprofen 7. Miflumic acid 8. lbugprofen
9. Mefenamic acid 10. Flufenamic acid

(1]

. . Mohile Phase: A Water
Total lon Chromatogram - gi ’;‘;DH e
= . M
Negative lon ESI X pH 7 5 with acetic acid
Gradient %A %B  %C
23 Omin. 40 40 20

1 1 min: 40 40 20
15 min: 0o 80 20
18 min; 0 80 20

! uLLa,_

T T T T T T T T
a 10 1A 1z 13 1+ 16 16

Tme i)

Thy
==
—a

oo

* A narrow-bhore Eclipse XDB column is ideal for mid pH separations with M3 detection.
+ MS identifies all peaks, even the partially resolved pair, 2 and 3.

i Agilent Technologi
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LC/MS Bonded Phase Selection at High pH -

Extend-C18

- LLL LLL-MH,
Positive lons
2.5E7 1
E7 ] LLG LLVE Column:
1.5E7 1 LHL Flow rate;
1ET 1 Temp:
SET 4 Gradient:
g 0 e e e e e e LGS
z IET Sample:
225671 MNegative lons
o ZET
=
1.5E7 | LLg LLb LLL-NH,
1e7] LLWF
LHL
SET k
1] f : ; F : : : : : .
a z 4 5 = 10 12 14 16 18  min

FORBAX Extend C18

2.1 % 150 mm, 5 um

0.2a8mbLirmin

25°C

5-60% Bin 20 min

Fos. lon ES- W70V, Yoap 4.5 KY,

M2- 34 psi, 120min, 300°C
4uL 50 ng each peptide)

+ The Extend-C18 column is ideal for LCIMS of proteins and peptides at high pH
* Both positive and negative ion MS are possible with NH,OH mobile phase.

Agilent Technologies

For audio, dial 888-839-9630 or International 01-703-871-3881 P age S0
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Bonded Phase and Mobile Phase Choices for

LC/MS Analysis

Recommended Mobile Phase Choices
Bonded S-trrzﬁg Fanate* Acetate* ‘i‘_l";[']’:ﬂ:g;“
Phases cig- |PKa=38 | pKa=48 oKa = 9.2
StableBond v v v X
Rx-C18 v v v ¥
Eclipse XDB v v v X
Bonus-RP v v v X
Extend-C18 v

+ e asfomic acidand acetc acidor anronum formiate and armonum acstste

ii Agilent Technologi
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Adapting Existing LC Methods to LC/API-MS

* Replace non volatile buffers with volatile buffers at a
concentration of <10 mM for ESI or <100 mM for APCI

« Substitute phosphates and borates with ammonium
acetate, ammonium formate, or TFA

« If a non-volatile buffer must be used, select a buffer with
only the anionic or cationic part is non-volatile (i.e.
ammonium phosphate and keep concentration very low)
and keep column id and flow rate low (2.1 or 1.0 mm id)

« Keep the pH the same as in the original separation with
volatile additives — formic acid, acetic acid, TFA, ammonium
hydroxide

« Use volatile ion-pair reagents only when needed —
heptaflurobutyric acid (HFBA) and tributylamine (TBA)

- Agilent Technologi
- Nguantlechaclogies For audio, dial $88-839-9630 or International 01-703.671.3881 Fage 52
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Conclusions

« Both AP-ESI and APCI are commonly used for the analysis of a
wide variety of samples.

« APPI is a new technique and expands the range of non-polar
analytes that can be analyzed by LC/MS.

+ Solvents for atmospheric pressure MS must be volatile, but best
choices vary with technique.

« Columns for LC/MS can he almost any configuration with
narrow-bore columns the most popular for analytical
instruments.

« ZORBAX StableBond (six phases), Eclipse XDB (four phases)
and Extend-C18 bonded phases are good for LC/MS.

« Capillary and nano LC columns are available for maximum
sensitivity with smallest samples.

« Rapid resolution (3.5 pm) and RRHT (1.8 pm) particles can be
used to increase efficiency and resolution with short columns
for high throughput LC/MS.

i Agilent Technologi
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HPLC Column Technical Support

at

800-227-9770 (phone: US & Canada)’

302-993-5304 {phone)’
* Select option 4, then option 2.
866-422-6125 (Digital fax) e ‘m
e S — =
See our web and phone directory (o
1. —— waﬁq_t_
2. N -
Agilent Technologies o = _ =
For audio, dial 888-839-9630 or International 01-703-871-3881 Fage 54
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Wrap-up E-Seminar Questions

Thank you for attending Agilent e-Seminars.
Our e-Seminar schedule is expanding every
week. Please check our website frequently at:

www.agilent.com/chem/education

Or register for

to receive regular updates

‘% Agilent Technologi
- Nguantlechaclogies For audio, dial $88-839-9630 or International 01-703.671.3881 Fage 5
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Upcoming eSeminars

HPLC Method Development by the Numbers
September 13, 2005 - 11:00 a.m. EDT

HPLC Column Choices for the Analysis of Proteins and
Peptide
September 27, 2005 —1:00 p.m. EDT

Secrets of Good Peak Shape
October 11, 2005 - 11:00 a.m. EDT

i Agilent Technologi
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