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LC/MS seminar overview

m Developing methods for LC/MS

m Getting the most out of each ionization
technique

m Practical considerations with LC/MS
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Terms and Definitions

)

= m  API - Atmospheric Pressure lonization

— & Atmospheric Pressure lonization: Allows creation of ions at _

G atmospheric pressure. Uses nebulizer gas at 1 atmosphere to assist

= in drying liquid aerosol. Usually refers to the collection of techniques

— used to ionize solutes including APCI and ESI.

¢f) m Source (called interface or probe by chromatographers)

= @ ESI - Electrospray lonization source

() ¢+ ESI: Electrospray lonization. The most common technique for ionizing

T molecules. Uses the ions formed in solution, evaporates the mobile phase
using nebulizer gas pressure, leave ions behind. Can produce singly or

) multiply charged ions depending on molecular structure.

N & APCI - Atmospheric Pressure Chemical lonization source

[ ¢+ APCI: Atmospheric Pressure Chemical lonization. One of the other

-r common ionization techniques used to interface HPLC to MS. Typically

uses heat and gas pressure to dry droplets, and uses a electrical discharge
to ionize mobile phase and gas that is used to transfer a charge to the
solute molecule. Only creates singly charged ions.
m CID: Use of voltage and gas pressure in the first vacuum region to
break ions into smaller fragments. Also called In-source
fragmentation.
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HPLC versus MS

HPLC
m Prefers neutral
species
m Requires dissolved
molecule

m Separates based on
solubllity (ie, retention
time)

Mass Spectrometer
m Prefers ionized
species

m Requires dry or
desolvated molecule

m Separates based on
mass



HPLC versus MS

)

=

— = Problem

4y « HPLC prefers neutral compounds in order to achieve a good

= separation

() = LCMS requires ionic species in order to obtain good signal

= levels

(j = Solutions

- = Pick a compromise pH that gives some separation and some
lonization

[
[ S—

= Change pH post column

= Use HILIC (hydrophilic interaction chrom) (normal phase
column with reverse phase solvents)

= Use APCI and do ionization in gas phase

= Consider the use of volatile ion-pairing reagents to create
neutral species for separation and ionic species for detection
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Terms & Definitions

MaSS: A guantitative measure of matter resistance to being accelerated.

Nominal (Or Unit) IMNASS. The mass based on nominal atomic
weights: l.e. Carbon = 12; Hydrogen = 1; Oxygen = 16, etc.

MOnOiSOtOpiC MasSS: The mass of an ion or compound based on

using the most abundant isotope of each element. For Carbon, the monoisotopic
mass = 12.0000. For Hydrogen, monoisotopic mass = 1.00782

& Mass Spectrometrists only use Monoisotopic mass.

Average MASS: The average weighted mass based on all the isotopes

naturally occurring. Average mass of carbon = 12.011. Hydrogen = 1.00794.
Chlorine35 = 34.968852 [it is a mixture of the isotope at 35 (76% of the total) and 37
(24% of the total)].

Molecular Welg Nt; The sum of all the average masses of each of the

elements present in a compound.
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Mass versus Molecular Weight
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O// NH
‘ )><C' Formula weight = 415.10
N
c H J e Nominal mass = 413.00

| Monoisotopic mass = 412.86
3-trichloromethyl

hydrochlorothiazide
Why the differences?
(diuretic, hypertenside) Different measurement
techniques
Elements with multiple isotopes



Isotopes of the Elements

I 1 v \% VI VI | vl
H He
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Na | Mg Al Si P S Cl | Ar
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Rb | Sr Y Zr Mo | Tc Ru Pd
Cs | Ba | La | Hf w Re Os Pt Tl | Pb Bi Po | At [ Rn
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Sample Isotopic Abundance Spectra

Cisplatin Tributyltin Hexachloro- Bromsulphalein
benzoate phene
‘ ,,,,,,,,, I L
Clomethacillin Trichlordiuride  Mercurichrome




Improving Quantitation

m Reduce number of isotopic elements to
reduce number of ions diluting the signal

levels

& Eg, for Cisplatin, hydrolyze two chlorine atoms to hydroxyls to

gain ~70 more signal intensity.

Cisplatin
B iolpealk WIT=IE]

Cisplatin after
hydrolysis
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Lysine lonization

mMolecular Weight = 146.1

m/z=148/2= 74

m/z=147



Relative 1onization

@

How to Develop a LCMS Method

use pH to create type of ion required

©O O o o

HoN' / O HN LySine

1 7 //

] [M+H] *1 [M-H]|

6 '\HZN/\/\/H(O-
4

[M+2H] *2
2
0

0 2 4 6 8 10 12 14 pH

Note: at any pH, this compound is an ion!!



Amino Acids

m How do you analyze an amino acid if it Iis ionic
at all pH values?

m If each amino acid has a unique pKa, how to
analyze a mixture of them without having to
change chemistry for each one?

m How to avoid doing derivitization?

m How to separate them without having to do ion
exchange separations?

m Can they still be detected by LC/MS?
m As positive or negative ions?




Analysis of Amino Acids using a Volatile lon Pair Reagent
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Conditions: Column : Shim-pack VP-ODS (2.0 mm I.D. x 150 mm L)
Mobile phase A : 5 mM HFBA-water,
Gradient program : 15%B (0 min) — 35%B (12 - 25 min)

lonization mode : ESI positive

Mobile phase B : acetonitrile

T T
min




How a Volatile lon Pair Reagent Works

m |on Pairs are formed between an analyte and a
reagent with an opposite charge

m Reagents typically are organic acids or bases that
have both a hydrophobic region to interact with the
stationary phase and a charged region to interact with

the analyte.
Possible mechanisms for ion pair chromatography:

. lon-pair formation:

= Analyte and the ion-pair reagent form a neutral “pair” that partitions
between the mobile phase and the stationary phase.

- dynamic ion-exchange:
= The hydrophobic portion of the ion-pair reagent adsorbs onto the

hydrophobic stationary phase to form an active ion-exchange surface
that separates ionic species just like classical ion exchange.

@ . lon-Interaction:

= An electrical double layer is formed when the ion-pair reagent
permeates the stationary phase, carrying with it an associated
counter ion. The separation occurs as a combination of factors.



Advantages of Volatile lon Pairing for LCMS

m Improved separations for highly ionic species

m Acid and basic compounds can be analyzed on
reversed-phase columns

m More reproducible results
m Sharper peaks with less tailing

m Simultaneous separation of ionic and non-ionic
compounds in one run

m More chromatographic options for increasing
resolution



Volatile lon Pair Reagents for LC/MS

for Acid Samples

IPC-DPAA Di-n-propylammonium Acetate
IPC-DBAA Di-n-butylammonium Acetate
IPC-DAAA Di-n-amylammonium Acetate
IPC-DHAA Di-n-hexylammonium Acetate

for Basic Samples

IPC-PFFA-2 Trifluoroacetic Acid
IPC-PFFA-3 Pentafluoropropionic Acid
IPC-PFFA-4 Heptafluoro-n-butyric Acid
IPC-PFFA-5 Nonafluorovaleric Acid
IPC-PFFA-6 Undecafluorohexanoic Acid
IPC-PFFA-7 Tridecafluoroheptanoic Acid
IPC-PFFA-8 Pentadecafluorooctanoic Acid



ESI Mass Chromatograms of 88 Pest. with Formic Acid
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Change Analytical Conditions for Pesticides Analysis using lon Pair

Reagents
Instrument: Shimadzu LCMS-2010A
HPLC
Column: L-column ODS (2.1mm I.D.x150mm L)
Mobile Phase A: 5mM HFBA Mobile Phase B: acetonitrile
Time Program: 0%B ->95% B (45min-55min)
Flow Rate: 0.2mL/min
Column Temperature: 40°C
Injection Volume: SML
MS
lonization Mode: ESI(+) Applied Voltage: 4.5kV
Nebulizer gas Flow: 1.5L/min Drying gas Pressure: 0.2MPa
CDL Temperature: 200°C Heat Block Temperature:  200°C

@ CDL Voltage: S-mode Q-array Voltage: S-mode



Comparison of Retention Time between lon Pair Reagent Conditions
and 0.1% Formic acid

Name Retention Time(a) Retention Time(b)
(min) lon pair (min) Formic
Acephate 9.926 10.162
Asulam 12.787 13.156
Diquat 13.224 1.583
Oxamyl 13.343 -
Paraquat 13.700 -
Methomyl 13.820 14.201
Oxine-copper 14.773 10.106
Trichlorfon 16.362 -
Benomyl(MBC) 17.157 11.752
Dimethoate 18.110 -
Iminoctadine 19.541 10.964.
triacetate
Retention Time (a); lon pair Reagent conditions
Retention Time (b); 0.1% Formic acid conditions
e — .
S A N
Diquat Paraquat

dibromide



Retention Time and Detected lons of Pesticides with HFBA lon Pair

Reagent
Name RetentionTime | Monoisotopic Detected ions SIM Monitor
(min) mass (m/z) lon
(m/z)

Acephate 9.926 183.01 229(M+AcN+Na) 184
184

Asulam 12.787 230.04 483(2M+Na) 231
253(M+Na)
231
294(M+AcN+Na)
276(M+46)

Diquat 13.224 184.10 183 183
92(M+2H)**

Oxamyl 13.343 219.07 265(M+46) 265
293

Paraquat 13.700 186.12 93(M+2H)** 185
185

Methomyl 13.820 162.05 163 163
208(M+46)

Oxine-copper 14.773 145.05 146 146

Trichlorfon 16.362 255.92 257 257
298(M+46)

Benomyl(MBC) 17.157 191.07 192 192

Dimethoate 18.110 229.00 230 230
275(M+46)

iminoctadine 19.541 355.34 179(M+2H)** 178.8

triacetate 356 356
570

XXX Base Peak lon

xxx  Protonated lon
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Typical calibration curves of Pesticides using HFBA lon Pair

Reagent(1)
Diquat Oxine-copper
-EM1i(x100,000) -ENi(x100,000)

4.5':

40

357

3.0'2

253

207

157

10

0.5'2 .

00 -o 250 500 750 "Z°x 007 1000 2000 3000 4000 7'

F(x)=431.1706x+-354.7959 F(x)=88.15862x+-1704.467
R*=0.99950 R2=0.99999
Concentration(ppb)| CV (%) Concentration(ppb)| CV(%)

100 3.83 100 11.45
200 2.01 500 9.34
500 2.58 1000 6.20
1000 1.56 5000 3.16




Production and Loss of lons

m Most Commonly Used Sources:
& Electrospray (ESI)
& Atmospheric pressure chemical ionization (APCI)

The two techniques differ in the mechanism for ion generation and
consequently affect the response to different sample molecules




Scope of API-MS
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lon generation

m Atmospheric pressure ionization (API)

& Sample ionization takes place outside the vacuum system of the
MS at atmospheric pressure.

& Source sample molecules are ionized to produce an ion beam of
pseudo-molecular ions.

m |onization is carried out at atmospheric pressure for two

reasons.

& Heat transfer is more efficient thus enhancing solvent
evaporation

& High electric fields do not result in strong electrical discharges
that occur at reduced pressure.



APl lon Formation

~ mlon production is affected by:

% & Molecular structure

= ® lonic nature of solute

“{;) @ lonic strength of solute

) & Other chemicals present

5' & lonic strength of other salts

N ¢+ e.g., A 10 mM buffer is present at levels much higher than
f—ir any solut_e and competes for droplet surface during
; evaporation processes

§ & Surface tension of droplet

) ¢+ Droplet size

@ & Solvent composition

& [emperature
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APCI or ESI?

nich Is better?
~or very polar compounds, proteins and

neptides, ESI works better

& For non-polar compounds such as steroids

and carotenes, APCI works better

& For most everything else, both will work

+ APCI will have fewer alkali metal adducts, but
may have more solvent based adducts or
thermal decomposition products

+ ESI will usually require additives to foster
lonization and will generally be more sensitive
for polar compounds
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lectrospray versus APCI (for polar compounds)
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Electrospray versus APCI (for non-polar
compounds)

APCI [M+H]* ESI [M+Na]*
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Advantages of ESI

High sensitivity to polar compounds
Produces multiply charged ions
Concentration dependent technique
Well suited to reverse phase solvents




Sensitivity

m Varies greatly depending on compound, interface, and
chemistry

& Can range by several orders of magnitude
depending on structure, matrix, mobile phase,
additives

& Varies with pH, temperature, ionic strength, etc

m Typically LC/MS is performed depending on the matrix
and type of compound from low picograms up to high
nanograms. Higher levels generally require dilution or
splitting



ESI Sensitivity

1 pg Injections of Reserpine in SIM Mode

Analysis Results

The SIM mode used (M+H)*
as the monitored ion. Five
consecutive analyses at 1
pg/uL concentration and 1
pL injected volume achieved
results of 73.25 (rms) min.
S/N ratio

Analysis Conditions
HPLC

Column :2mml.D. x 30 mm L(SB-

C18)
Mobile phase  : 5 mM ammonium
formate/MeOH (25/75)
Mobile phase flowrate: 0.4 mL/min

MS

lonization mode . ESI(+)
Block heater temp. . 200°C
CDL temp. . 250°C
Nebulizer gas flowrate  : 1.5 L/min

Area
1000e3

3000e3

2000e3

1000e3

0

1

r=0.99998

u L injected)

250

1 ) ) 1 1 1 1 ) ) 7|50
Conc(pg/uL)

1000

Consecutive Injections (1 pg/uL, 1uL injected five times, peak height CV 1.03)

Calibration Curve (0.1-1000pg/u L,

Int. 3
1 SN SIN SIN SIN SIN
3 75.91(rms) 89.7(rms) 82.76(rms) 79.05(rms) 73.25(rms)

4000;

3500,

00, | W\W M .
75 100 125 150 175 200 225 min




Analysis of T-2 Toxin from Feed Extract (UV vs. MS)
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Critical Factors in ESI

ESI is concentration dependent. Narrow peaks give the best
results, so small bore columns are preferred

Flow rate affects sensitivity (less is better)
Solvation plays an important role on ionization efficiency.

& Surface tension affects sensitivity (soap, salts have big effect)
lon suppression must be carefully considered

& Trifluroacetic acid, sample matrix, & salts can reduce signal

Adduct ion generation must also be accounted for in interpretation
and quantitation.

Proton affinity of solvent or sample impurities can become a factor
for difficult to ionize compounds

Some compounds may ionize as multiply charged species and
show up at lower masses than expected

Keep contaminants out of spray chamber
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Quality of ESI Mass Spectrum Depends on
Concentration of Analyte
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When concentration is too high, adduct ions and peak saturation
occur more.



Factors Influence ESI lonization Efficiency

Main Factor

Effect on ionization

Improve method

Polarity of compound

The less polar, the
more difficult

Adjust chemistry to
induce dipole in non-
polar compounds

Solvent B.P.

Organic easy to be
evaporated

Use higher %
organic phase

Size of droplet

A small size Is
critical

Use drying gas or
heat

Number of ions in
droplets

Depend on polarity
of compound

Use high efficiency
HPLC column

Surface tension

Lower ST, easy for
lon emitting

Use low ST solvent
(like CH,CN)




Sensitivity

m Most LCMS instruments are sensitive to
low picograms of target compounds.
Instruments stay cleaner longer when
operated In this range.

m Most operators do not use appropriate
techniques to deal with such low
concentrations!



What Is a Picogram?

m Sensitivity of quadrupole LCMS = 0.1 picograms m
(for ideal compounds by electrospray)

m Average amount of erythromycin in surface water (106 river
streams according to USGS) = 1 picogram/microliter

m Weight of 100 E. Coli bacteria cells = 3 picograms

m Total organic carbon in B&J HPLC grade water = up to 50
pg/microliter

mTotal non-volatile residue in Fisher brand HPLC grade water = up
to 3 nanograms/microliter

m One pollen grain (Alder tree) = 9,700 picograms

m Solublility of fused quartz in high purity 18 megohm water =
11,000 picograms/microliter/4 weeks

m One typically messy fingerprint = 20,000,000,000 picograms



Contamination Sources

Dirty containers (detergents and soaps)

Dirty wooden or plastic drying racks (detergents, dust,
salts)

Dirty tools, wrenches & screwdrivers (0ils)

Vials, pipettes, glassware (Na+ from soda-lime glass)
Paper (detergents, salts)

Adhesives from labels (phthalates, solvents)

Bottle liners (phthalates, silicones, antioxidants)
Plastic tubing (phthalates, silicones)

Plastic trays (amide slip agents, antioxidants, UV
stabilizers)

Fingerprints (every chemical in the universe)
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Suggestions

m Dedicate and mark glassware for LCMS

m Clean and dry glassware without using
detergents or chromate cleaners

& Use furnace to burn off any organic residue

m Use a glass plate or tray to dry optical parts
(never use paper)

m Tools should be cleaner than surgical tools (not
just sterile, but free of anything organic)

m Clean the containers used to hold water daily.

m Use an in-line filter between column and LCMS
source



Keeping the LCMS Clean - 1

Use really clean solvents and water
& Don’t keep solvents around for long time
& Dispose of water after a few days BEFORE it grows algae and

bugs
» Consider removing organics from water with O + UV
& Refrigerate water prior to using to retard algae growth
Filter all samples

Condition all new HPLC columns BEFORE you connect
to the LCMS unit

Clean up samples to remove DMSO, DMAc or DMF

& Or use a bypass valve to prevent these from getting into the
source

Use clean tools (not the hardware you use to work on
your car)

Don’t put MS optical parts on paper towels to dry



Use Bypass Valve to Prevent Contamination

Taxol analysis without valve

. JTICL00)
854.00(1.00)

2501
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Taxol analysis with valve

IR U

Low solubility ethoxylated
soybean oil emulsifier.
Valve should be used
before AND after peaks of
interest.

R R R R R R R R R R R A R R S )

Valve used to eliminate polar
impurities at V,, and ethoxylated
soybean oil at end of
chromatogram. (Note injection
size has been increased to show
additional peaks)




Dealing with “Sticky” Compounds

“Sticky’ compounds are usually poorly soluble
compounds (in the mobile phase being used) or else
have some affinity for a plastic or metal surface
somewhere in the plumbing.

It is Important to keep these from building up in the
Instrument or else quantitative performance will suffer.

Solution 1: Add a stronger solvent post-column to
Improve solubility of the analyte. E.g., consider adding
IPA or acetone at low flow rates. This will also help
clean the optics.

Solution 2: Use LC/LC with a trap column to remove
Injector from main flow path. When valve switches to
elute target, change solvent conditions through injector
to clean with stronger solvent while analysis is being
completed.



Keeping the LCMS Clean -2

m Dedicate glassware to LCMS use
m Avoid using soap to clean glassware or it will be your

largest peak

Reduce metals in contact with sample when analyzing
proteins and peptides

Keep solvent containers covered
& Phthalates in air can dissolve in organic solvents
& Nicotine from smokers often shows up in blanks

m \Watch out for glycerol in RO water
m Avoid plastic containers and plastic caps
m Be careful with plastic tape and labels



Phthalate Contamination of Mobile Phase

int.  JTIC{L.00)
1391.05(1.00)

N
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Red trace shows m/z 391 (diethylhexyl phthalate)

from adhesive tape label on outside of container used

for methanol (e.g., the ‘B’ solvent). Phthalates will
@ dissolve into organic solvents from room air.




How to Obtain Good ESI Results

m Eliminate sodium and salts
@& From glass vials, solvent containers, sample matrix

m Use divert valve and/or trap column
@& Eliminate inorganic salts at void volume of HPLC runs

@& Eliminate poorly soluble components after peaks of
Interest

m Keep leakage current low
& Avoid TFA and strong acids
& Keep sample concentration low
& Keep acid concentration low
& Keep probe voltage low

@ Increase % of organic solvents, but always have
some water in the mobile phase



Effects of Contaminants on ESI

Solvent for dilution:
HBSS

Sample: Albendazole
m/z266 50uL injection

Contents of HBSS (physiological
saline)

NaCl 136.89mM
KCI 5.36mM
Na,HPO,- 7H,0  0.34mM
NH,PO, 0.44mM
NaHCO, 4.17mM
Glucose 5.55mM

16 T
1417 =
127

08
06

047
027

Direct analysis of physiological samples

10 20 30 40 50 60

Trap column used to desalt physiological samples

o

157

11

05

10 20 30 40 50 60




Dealing with Reactive Species

m Many compounds such as sulfur containing
peptides can react with metals in solution, or
with metal surfaces. The result is a loss of a
target analyte and inconsistent results

m The cure: use a metal free system (plastics,
ceramics, etc), and remove metals from water
and reagents.

m In the following two slides, note the change in
the peaks indicated by the arrows. These show
a loss of specific target peptides in a metallic
systelm due to reaction of the analyte and
metal.




g

ININC

-~
-
«

U LCIS 1%

[
[ S—

a5 SIHIMVAD

MS-TIC Trace of Tryptic Peptides from 3-Casein
RP with the Shimadzu LC-10i Bio-Inert HPLC System

bt JTC
H1065.80
142085

7503 Jog) 55

J969.50
350085741 20 3zkzs 34,122
325083

300083

3750e3

15003
225083

20003

| 7S0e3-

| 50023

| 25083
| 000e3—

75083

500e3-

Sulfur containing peptides can be lost due to reactions with metals. Inert
non-metallic systems and higher purity chemicals may be required
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MS-TIC Trace of Tryptic Peptides from 3-Casein
RP with SS HPLC System

It
375023
350023
3250&3%
3nnnesé
2?sne3§
2snne3§
2zsne3§
2nnne3§
1?sne3§
1snne3§
1zsne3§
1nnne3§

75083

TIC

1066 .55
H1421.00

1170.80
591 .35

JoR9.55

741 60

34.151

Sulfur containing peptides are easily lost due to reactions with metals.

The arrows indicate missing peptides



Solvent Adduct lon Reduction
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Sample Adducts from Serum/Biological Matrices

jj:jé‘“""”“ Alprazolam, C17H13C1N4

40083 M= 35-C1 = 368 g/mole
75033 M=37-C1 = 310 g/mole

350833

32503 | HaC N

300.53% [0+ H+ \ﬁ \N

27563 N /
250e3§

225e3§ ‘

zaaeaé Cl —N

175057

15MR3]
12563

10023
3 [M+Na]+ [M+K]+

33 347

[M+ NaJ+ | [M+K]+

] 13 | S 77 391
603 S b | S T | : 398

.............................

! ¢
SDD IZI 305 EI 310.0 3‘1 5 o 3200 325 ] 33EI 0 330 3400 3450 3300 23350 3600 355 0 3?0 L} 3?’5 0 3300 385 0 3900 395 ] M/

7523
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Drug analysis in human plasma, serum
Drugs in human plasma, serum
» Monitoring concentrations of drugs \
(( \

Proteins in human plasma, serum
» Protein-drug binding
» Column performance

Pretreatment

» Liquid-liguid extraction
» Protein precipitation

» Solid-phase extraction
Time consuming !

» Direct injection
Shim-pack SPC-RP3
Shim-pack MAY1-ODS
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Technology Background (Pretreatment Column)

g Shim-pack MAYI-ODS

*Quter surface of the silica gel
(50um) coated with water
soluble polymer

*Pore internal surface
chemically modified with
octadecyl groups

Mechanism of Separation 1

cellulose surface

-Drug is released from the
protein by online dilution
injection ODS surface->

-Protein rapidly removed by the
outer surface polymer layer

-Drug trapped by solid phase on
the pore internal surface.

Protein
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Inventors of MAYI| Column

Murata, Kaoru
Asakawa, Naokl
Yamamoto, Erichi
Ishthama, Yasushi




Eluent A

Eluent B

Pump

Load

MAYI column

Injector

Aux. pump
Eluent A

' B

HPLC-column

Detector




50 seconds later - 2nd Injection

Eluent A Detector

Pump HPLC-column [ | ﬁ

Eluent B
=i MAYI column @
6 >

Injector

Aux. pump J
Eluent A Waste




Standard

]1q00e3:
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Recovery

Plasma spiked

Int.

N
a1
o
o
()
OI)

2000e37

1500e3-

1000e3

500e3-

2.5

#‘\_
T LI T T T

Metoprolol
Propranolol
Lidocaine
Dibucaine

Bupivacaine

each 1ug/mL, 5uL, n=5

95.0%
97.4%
94.0%
107.7%
97.1%
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Effect of Pretreatment Column

Protein in plasma was immediately discharged from the system.
After that, isopropylantipyrine was sent to the analytical column
by switching the flow selection valve.

protein Isopropylantipyrine
— R
0 %‘iSme(min) 17
Sample : Plasma spiked isopropylantipyrine
Injection volume : 100uL
Extraction mobile phase : 0.1%phosphate/Acetonitrile (95/5)
Detection . Isopropylantipyrine ; 275nm

Plasma matrix ; 280nm
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Technical Background (Durability)

Changes due to Sample Injection

No changes in retention time or peak shape even after 300 repeat injections

||

A &L

\.

Sample:

Indomethacin spiked plasma (1mg/mL)
Solvent for sample loading :

0.1% phosphoric acid in Water/ AcCN (95:5)
Injection volume:

500 (L



|

Linearity

1NQ

—eLinearity of test compounds in plasma _ o
Plasma spiked, 10puL injected

«

¢t 5ng/mL, 10ng/mL, 50ng/mL, 100ng/mL
i 300000 350000
I 2 2 _
¢po 250000 | Metoprolol R“=0.999851 300000 - Propranolol R"=10.999842
j/ 250000 |-
— 200000 |
— S 200000 |
T 8 150000 | <
] < 150000 |
— 100000 100000 -
— | 50000 | 50000 |
—
] 0 | | | | °
- 0 20 40 60 80 100 0 20 40 60 80 100
Q Conc.(ng/mL) Conc.(ng/mL)
< 450000 450000
= 400000 | . . I ; .
= w000 | LidoOCAINe R?=0.999930 400000 1 Bypivacaine R? =0.999904
— - 350000 |
_l_' 300000 F 300000 |
T« 250000 | 250000 |-
) :
< 200000 | < 200000 |
TN 150000 | 150000 |
\ 1 4 100000 | 100000 |
50000 | 50000 |
0 0
0 20 40 60 80 100 0 20 40 60 80 100

Conc.(ng/mL) Conc.(ng/mL)



APCI

m Advantages

& Works with many compounds,
especially non-polar

& Rugged

& Handles HPLC flow rates up to
2 mL/min

& Only produces singly charged
lons

m Disadvantages

& Compound must have some
vapor pressure

# Limited to around masses
under 1000 AMU

@ ® Thermal degradation possible




APCI Practical considerations

Molecule should be thermally stable
& High vapor pressure is helpful

Buffers must be volatile but are usually not needed
Column and flow rate generally not critical
Detection limits very compound dependent

|deal performance depends on gas phase chemistry

& For + ions, solute should have higher proton affinity than
mobile phase

& for - ions, solute should have higher acidity than mobile
phase



APCI Sensitivity — Plasma Extracts

100 pg/mL plasma concentration, corresponding to 10pg on-column

Int. [1:825.40(1.00) ~——CH,
12:811.15(1.00)

Vincristine

v

Vinblastine

/

2050
1950

1859

T
min

H_
;
k
.
-
.
:
k
.



APCI Practical Considerations

—

m Negative mode
& Oxygen or chlorine can increase signal intensity
& Carbon builds up on APCI electrode with CH3CN
¢+ Carbon forms fastest at high organic %

¢+ Air or oxygenated solvents can be used to burn
off carbon

m Both polarity modes

& Impurities in solvent, and oxidized / reduced
compounds in the matrix can coat the electrode.

¢+ Inspect often - clean or polish as needed
& Methanol tends to keep electrode cleaner

ZU LGS ITraimning
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Fluconazole Analysis by APCI

m Antifungal agent used

to treat complications Z_\\N
e
N

of AIDS N
m Relatively water <\\
N

Insoluble drug
m Forms adducts in ESI

m Protonates easily at MW=306
neutral pH

m pKa=5.28 (+), 4.47 (++)

OH F



Fluconazole in +/- mode

E‘s“. POSTRUN({Admin} - fluconazole apcidol - [MS Data] - |E’ |_><
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Effects of Additives on APCI Negative lonization

M/Z

Acid
Ibuprofen 205

Acetylsalicylic acid 179

Estradiol 271

Benzohydroxamic acid 136

3-(4-methoxy 179
2-phenyl)-propionic acid

10 mM methyl
morpholine

100

100

100

100

100

10 mM NH4

Acetate

96

28

16

30

47

@ m source: Schaefer & Dixon, JASMS, #7, 1996, pp 1059-1069

10 mM

Formic

3

14
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Mobile phase practical considerations

m \What pH is needed for ionization?

& Acidic pH favors positive ion LCMS
¢+ Amine containing compounds, most drugs

& Neutral pH favors negative ion LCMS
¢+ Many metabolites

m What If the pH to obtain good chromatography
suppresses ionization?
& Use ammonium acetate (unbuffered)
# Use post-column addition for pH change



Solvents for LCMS

m Perception: There are few solvents for LCMS

m Reality: There are more solvents suitable for
LCMS than for UV based HPLC

m Reality: Most solvents and water are not clean
enough to take advantage of the full sensitivity
of most commercial LCMS instruments (They
are too dirty, too contaminated, and have too
much nonvolatile residue)

&)



Solvents Suitable for LC/MS

Solvents ESI APCI

Water

N

Methanol

Acetonitrile

Ethanol

Propanol / Isopropanol

SESTSNT N NS

Butanol

Acetone

CH,CI, or CHCI,

Hexane/Cyclohexane

Toluene

CS,

DN N N N N N N N N N BN

Ethyl Acetate

HFIP

Ammonia

THF

SN S




Triglycerides from Coconut Oll

Note mobile phase used

Int.
60e6+

50e6-]
40e6-]

30e6]

JTIC

439.50

4467.50
1495.50

523.50

20e6]

10e6-]

0e6———r—r

T T T T T T T
2.5 5.0

I 7.5 o ld.OI I b lé.SI o lé.OI

I nt. =
3000e3
E 467.4
2500e3 495.5
2000e3

1500e3

500e3

100063{ 43[.5

Oe3

523.5

i

549.

r Peak C40 (14.0 min)
|

Column

Mobile phase A
Gradient program
Flow rate

Probe voltage

400 450 7 7 "s00°

: Shim-pack VP-ODS (2.0 mm |.D. x 150 mm)
. water Mobile phase B

: 80%B (0 min) - 100%B (5 - 20 min)

: 0.2 mL/min

: +4.5 kV (APCI-positive mode)

550 " 6o "eSo ' 700 = 7% 7 "8bo T

. acetone

"gbo




Water, water everywhere,
but Is any of it good enough for LCMS?

Distilled

& Can still contain volatile impurities and organics
RO & lon exchange are often acidic

& lon Exchange water can have pH <5.5

@ Propylene Glycol or Glycerol peaks from membrane, especially after
Installing a new membrane

& Be careful when using carbon based filters!
Bottled HPLC grades usually contain 1-2 PPM of sodium, up to 50
PPM of organics, and dissolved silica
TOC grade water is available with < 100 PPB organics
& Available in 1 quart bottles
Water will grow microbes upon standing
@ These will clog tubing, pump frits, increase baseline noise
& Use up daily - do not keep around for days or weeks

@ If purchasing water in large containers, refrigerate the unused portion
immediately after opening.

Degas before use and/or continuously
& Carbon dioxide lowers pH
Water can be purified using low wavelength UV with oxygen



Levels of Organics in HPLC Grade Water
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Table 1
LC-MS TIC and TOC results from
reagent water analysis

Sample Organics Maximum TIC | Maximum TIC

(TOC in ppb) Intensity Retention Time
Brand A 100 4 3 E+4 8.1 min.
Brand B 87 7.1 E+4 7.5 min.
Brand C 777 4 2 E+4 8.2 min.
Brand D 16.5 1.5 E+4 9.9 min.
Brand E 32.4 3.8 E+4 15.1 min.
Brand F 25.5 1.7 E+4 8.2 min.
Milli-Q 7.0 (4.0%) 6.8 E+3 7.7 min.

Evaluation of HPLC reagent water purity via LC-MS , BY BYRON M.STEWART AND BRIAN L.WILLIAMSON
American Biotechnology Magazine, DECEMBER 2001, pgs. 16-18, volume 19, number 13. Copyright 2001 by International Scientific
Communications, Inc. Used by permission




TIC Intensity of Different Water Sources

) T1E+4
— 100 q
: —— Brand A |
=3 = EBrand B ||
B l:) = Brand C
|l__' Brand O
— EBrand E
== PBrand F
/) Mili-Q H,0
= z
— W
(3]
) 3
| -
N
) - - .
W K|
/r e e S a T e ——— =
SSL -
S
/ L
— 0 3 7 10 14 17
-
(f) Retention Time (Minutes)

@ LC-MS TIC of six HPLC-grade reagent waters and Milli-Q Gradient system water

Evaluation of HPLC reagent water purity via LC-MS , BY BYRON M.STEWART AND BRIAN L.WILLIAMSON

American Biotechnology Magazine, DECEMBER 2001, pgs. 16-18, volume 19, number 13. Copyright 2001 by International Scientific
Communications, Inc. Used by permission



How to Clean up Water

m Install a C-18 column after the aqueous pump,
out before the mixer. The column will trap any
ow polarity organic compounds soluble in water
and remove them. Column can be regenerated
by pumping methanol or acetonitrile through it.

m This approach is better than trying to batch
purify water because water will iImmediately
begin growing algae and bacteria. Cleaning up
Immediately prior to use is preferred.




Use Phosphate buffers? NO!

Phosphate buffer is very widely used because of the following
reasons.

& Low absorption at short wavelength
& Wide range of pH buffer action (pH=2-4, 6-8, 11-13)

One big disadvantage to use phosphate buffer with MS is
crystallization that causes clogging in the interface of LC/MS.

Volatile buffers such as ammonium acetate or ammaonium
formate should be used instead of phosphate buffer.

Phosphates will increase interface current leading to increased
oxidation or reduction.

If pH is adjusted using a volatile buffer, results similar to the data
obtained by phosphate buffer are obtained.

From a sensitivity view point, phosphates nearly always compete
for droplet surfaces and reduce analyte ionization in comparison
to volatile buffers
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Phosphates

m Can lead to artifact peaks:

CE
788 3
80 3
72 3
64 3
56 §
T48 3
40 §
"32 3

24 3

16

INa,H,PO,It

175 7 214 7

[Na,HPO,]

[K;HPO, ]

[Na;HPO,]*

[KJH,PO,J* 263

DN

[Na,H,P,Og]*
5 [K,H,P,Og"

311 7

[K,HiP,O ]

313
143 r 355

T T T T
160 180 200 220 240 260 280 300 320 340
m/z
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Common Problems

m Dissolved gasses - Carbon Dioxide
& CO, will dissolve in water lowering pH

m Non-buffer ‘buffer’ - no capacity

m Flow perturbations - increases noise

¢ Baseline noise can be affected by pressure changes — consider
using better pumping systems for highest sensitivity

m Adducts with mobile phase

& Look for M+41 (acetonitrile) adducts or M+solvent for other
solvents

m Salts (Na, K, Ca)
& Can originate from vials, tubing, pipettes, etc

m Purity of modifiers

# Methanol and fluorinated acids often contain considerable
Impurities that give high noise levels



Detergents

Detergents in biological samples will suppress ionization
significantly
# 0.01% SDS can reduce protein signals by 20x in ESI

Even trace levels of soaps can affect quantitation of small
molecules

Detergents may exist in samples as ‘buffers and solubilizing
agents’ or may originate as contamination from cleaning.

Reference: R.R. Ogorzalek Loo, N. Dales and P.C. Andrews, Protein
Science 3(1994)1975-1983.



What is the best buffer for LCMS?

m Utilize no buffers, if possible, when doing APCI
m Utilize the lowest tolerable buffer concentration

@ 5 to 20 mM is typical, although 2 mM may be better
for some applications

@ Ammonium acetate is the most versatile buffer for
LCMS

@& Acetates absorb UV at low wavelengths!
m Avoid TFA if possible

& Suppresses ionization, decomposes some samples,
causes corrosion to ‘stainless’ surfaces

& Gives 113 background peaks for months

@ @ If must be used, keep concentration at 0.05M or
lower



Selection of Additives

Comparison of SIM chromatograms

1.Metoprolol 2.Propranolol 3.Lidocaine 4.Bupivacaine

Int. —1268.00(1.00) At —| 268.00(1.00)
-260.00(1.00) 2l 260.00(1.00)
—1235.00(1.00) 3 —| 235.00(1.00)
as0e3  —]289:00(1.00) i 350e3 —| 289.00(1.00)
. 2 TFA
300e3 o CH,COONH, 300e3 —
] = 4
2508 250e3 =
i 20063 —
200e3 —
Z 5 3
= 150e3 —|
150e3 ] 1 2 7
. 10063 —|
100e3 N
] 5063 — ! ;
50e3 . _
N A\ L e : ==
T T T l
3 min
. 0
@ Pretreatment : 10mM CH,COONH, Pretreatment : 0.1%TFA
- H . 0
Analysis : 10mM CH,COONH,/ACN Analysis : 0.1% TFA/ACN

STD 10ng/mL, 50uLinjected



How to Prevent Damage to Your LCMS Instrument

m Keep injected amounts low
& 10-50 nanograms for scan analysis

m Use clean solvents
Dedicate glassware just for LCMS use

m Do not dry glassware on a rying rack or allow inside
surface to touch anything other than solvents

m Avoid non-volatile solvents
# Eliminate DMSO, DMF, DMACc, etc.

m Make sure your HPLC solvents are strong enough to
elute your target molecules

m Eliminate salts from sample
& Either desalt (SPE) or valve out



How to Prevent Damage to Your LCMS Instrument

—

m Keep injected amounts small
& Less is better.

& Instrument is sensitive to most molecules at
picogram to low nanogram levels.

@ |f your sample solution has color in it, it is TOO
CONCENTRATED!!!

& Filter all samples — even one piece of dust can clog
up a capillary
& Injecting too much will contaminate source and give

high background and poor guantitation until
Instrument Is cleaned

ZU LGS ITraimning
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How to Prevent Damage to Your LCMS Instrument

—

m Estimating injected amount

& 1 grain of salt (NaCl) weighs about 0.1 mg
¢+ (actually 45 grains = 3.7 mg)

&1 PPM of salt is approximately 1 grain in 100
mL

& If you dissolve 1 grain (size, not weight) in 2
mL of solvent (typical vial), the resulting
solution equals about 50 ng/microliter. So 1
microliter of the sample solution should be
the maximum injection amount for LCMS!
Less Is better.

ZU LGS ITraimning
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How to Prevent Damage to Your LCMS Instrument

)

— = Use Clean Solvents

= @ No solvent is ‘Clean’ to a LCMS

— & No brand is consistent from bottle to bottle

v) & Check each new bottle of solvent and water for

6 background ions (they can vary considerably from

= bottle to bottle

) & Use up solvents, especially water quickly and

] discard anything after a few days of use.

) _ . :

= & Avoid transfer of solvents to different containers

= & Avoid using colored label tape on solvent bottles — it

;7'“) contains lots of phthalates

@ & Don’t clean glassware with anything other than clean
solvents



How to Prevent Damage to Your LCMS Instrument

—

m \Water
# Use fresh water in small containers
& Use up quickly

& Never allow 100% water to stand around
¢+ Add some organic to ‘A’ solvent

¢+ Even the best water will cause growth of mold/fungus/algae
on check valves, rotor seals, etc

& Refrigerate bottles of water not being used

& Check each new bottle of water for background ions
(they can vary considerably from bottle to bottle

& Use up solvents, especially water quickly and
discard anything after a few days of use.

& Don’t clean glassware with anything other than clean
solvents

ZU LGS ITraimning
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How to Prevent Damage to Your LCMS Instrument

~ m How Clean are Solvents

= @ Total nonvolatile residue in B&J HPLC grade water: Less

= than three mg/L (published spec)

’;) & At 1 mL/min, you are pumping up to 3 micrograms of

= nonvolatile contaminants per minute into the LCMS. This Is

) equivalent to injecting thousands to millions of samples per

- minute into the LCMS. In a typical day, even with the best

]:)J grades of solvents, it would be equivalent

) to the contamination caused by injecting

<( thousands of samples or more.

= Solvents are a major source of

;L contamination of the source. Don'’t leave

J) : :
HPLC running when you are not running

@ samples.




Solvent iIssues

HPLC grade solvents vs MS grade

# NVR specification - should be PPB or lower
¢+ Most are PPM levels. Some are 0.02% or worse
¢+ Most are ~0.05% or 100 to 1000 times worse than your samples

Buy in small containers
Use up quickly

& WiIll dissolve gases such as phthalates from air
Degas mobile phase daily or continuously

Each batch may have unique low MW impurity ions
& Evaluate before using



How to Prevent Damage to Your LCMS Instrument

)

— m Volatility of additives and contaminants

:J ¢ Additives and contaminants will concentrate as part
— of the evaporation and drying process

({;) & Even ‘pure’ water will still have non-volatile materials
<) present (even if only silica from dissolved glass)

— & Samples will always contain some non-ionized

ﬁ components that will probably be non-volatile

i @ All of the above will contaminate the source and

= reduce signal intensity with each injection

gf) & Build up of contaminqnts should be minimized,

@ cleaned with appropriate solvents, etc.

& So divert flow when not running samples!



How to Prevent Damage to Your LCMS Instrument

—

m Sample solubility

& Samples that are difficult to dissolve will precipitate
fastest during evaporation of droplets in source

@ Depending on volatility of sample, a coating of dust
or oil can show up on metal surfaces and affect
results

& Running stronger, slightly less volatile solvents is
often an advantage (ie, substitute ethanol or some
IPA for methanol)

& Adding a make-up flow of additional solvent post
column can keep samples from precipitating too
early during the evaporation process and improve
guantitative results

ZU LGS ITraimning

a5 SIHIMVAD



AVOID PLASTICS!

All plastics contain plasticizers and oligomeric species,
like PEG (polyethylene glycols) or phthalates

Use all-glass solvent filtering devices (ground glass
connections only)

Store samples in glass vials with Teflon liners
Use glass autosampler vials with Teflon liners

Rinse plastic syringe filters with solvent before filtering
samples



Thank You
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