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Introduction

In this application note, LC/MS of several compounds associated with drugs of
abuse are compared at high and low pH using a generic gradient in positive ion
mode electrospray (ESI+). Normally, it could be expected that the ionization state of
analyte molecules would be dependent on the pH of the mobile phase, and the
ionization efficiency in LC/MS with electrospray in positive ion mode will be
dramatically lowered in high pH mobile phases since the compounds become
neutral. However, many researchers investigating different types of samples
(including proteins, peptides, and amino acids) have observed either insensitivity to
an increase of mobile phase pH, or even increases in sensitivity [1-6]. High pH
mobile phases do not suppress the ionization of basic compounds in ESI+. Positive
ions are formed abundantly, and analyte responses are often better in high pH
compared to low pH acidic mobile phases. This finding is significant as it extends
the applicability of generic elution methods to the analysis of polar basic compounds
that were previously difficult to retain.

However, many of the conditions that could be used at high pH have been shown to
be harmful to conventional silica HPLC columns. Control of pH can be used to adjust
selectivity and sensitivity without sacrificing column lifetime at elevated pH using
new high pH stable columns such as the Agilent Poroshell HPH C18. Using these
columns, chromatographers can now explore a wider range of pH in method
development using superficially porous particle technology, which is being
increasingly adopted due to its high efficiency and speed [7].
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Experimental

An Agilent 1290 Infinity LC system with an Agilent 6460 Triple
Quadrupole Mass Spectrometer was used, consisting of:

• Agilent 1290 Infinity Binary Pump, capable of delivering
up to 1,200 bar (G4220A), modified with a PEEK seal in
the solvent bypass valve (Rotor Seal PEEK FL p/n 5068-
0171)

• Agilent 1290 Infinity Thermostatted Column Compartment
(TCC) (G1316C)

• Agilent 1290 Infinity High Performance Autosampler
(G4226A) with PEEK rotor seal (5068-0170 Rotor Seal
PEEK FL)

• Agilent Poroshell HPH C18, 3 × 100 mm, 4 µm
(p/n 695970-502)

PEEK FL seals should be used with ammonium bicarbonate
buffer. The standard rotor seals in the Agilent 1290 Series
Instruments are made out of Vespel, and support a limited pH
range (1-10). The PEEK FL rotor seals are made out of a
special PEEK blend material that covers a broader pH range
(1.0-12.5). The UHPLC was mounted on an A-line Rack. The
system was plumbed with 0.075-µm tubing to minimize
dispersion. This creates more backpressure than conventional
0.12 or 0.17 mm id tubing, but this is not a problem as a 4 µm
Poroshell HPH C18 generates little pressure. Table 1 lists the
MRM transitions and monitored ions.

Ammonium formate and formic acid were prepared at 5 mM,
and used to prepare a low pH buffer at pH 3. Ammonium
formate was purchased from Sigma-Aldrich, Corp. Double
distilled formic acid was brought from GFS. Ammonium
bicarbonate and ammonium hydroxide were used to prepare a
pH 10.5 buffer, and were supplied by Sigma-Aldrich. 

Compound 
Precursor 
ion

Fragmentor 
voltage

Product 
ion 1

Collision
energy 1

Product 
ion 2

Collision
energy 2

Strychnine 335.2 195 184 41 156 53

Alprazolam 309.1 179 281 25 205 49

MDMA 194.1 97 163 9 105 25

Amphetamine 136.1 66 119.1 5 91 17

Trazadone 372.2 159 176 25 148 37

Meperidine 248.2 128 220.1 21 174.1 17

Verapamil 455.3 158 165 37 150 45

Methadone 310.2 112 265.1 9 105 29

Proadifen 354.2 153 167 29 91.1 45

Diazepam 285.1 169 193 45 154 25

THC 315.2 150 193.2 20 123.3 30

Table 1. MRM Transitions for compounds used in this work.
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Results and Discussion

In this application note, comparing elution of these
compounds in basic mobile phase to acidic mobile phase, we
see the bases are retained longer in basic mobile phase.
Basic compounds are fully protonated, and are retained better
than charged compounds in reversed-phase HPLC. Since the
compounds are retained better, more solvent adjustments can
be made, which allows better peak spacing, as shown in
Figure 1. Gradient and mobile phase conditions are described
in Figure 1. Finally, some of the analyte peaks are larger in
basic solvent than in acidic mobile phase. Peaks associated
with trazodone, verapamil, methadone, and proadifen are
substantially larger in the basic mobile phase. This may be a
pH effect, but it may also be due to the compound being
retained longer and eluting in a higher organic mobile phase. 

Conclusions

It was previously shown that an Agilent Poroshell HPH-C18
can be used for extended periods (over 2,000 injections) with
high pH mobile phases such as pH 10 ammonium bicarbonate
buffer. Therefore, chromatographers can now explore a wider
range of pH in method development using superficially porous
particle technology, which is being increasingly adopted due
to its high efficiency and speed. The use of high pH mobile
phase with superficially porous particles is both beneficial
and practical [8].
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5 mM Ammonium formate 
0.1% Formic acid, pH 3.1, MeOH, 30 °C
1 mL/min
Agilent Poroshell HPH C18, 3 × 100 mm, 4 µm

1. Strychnine
2. Alprazolam
3. MDMA
4. Amphetamine
5. Trazodone
6. Meperidine
7. Verapamil
8. Methadone
9. Proadifen
10. Diazepam
11. THC

B

10 mM Ammonium Bicarbonate 
pH 10.5, MeOH, 30 °C
Agilent Poroshell HPH C18, 3 × 100 mm, 4µm

Figure 1. Separation at Low and High pH using an Agilent Poroshell HPH C18, 4 µm column.



www.agilent.com/chem

Agilent shall not be liable for errors contained herein or for incidental or consequential
damages in connection with the furnishing, performance, or use of this material.

Information, descriptions, and specifications in this publication are subject to change
without notice.

© Agilent Technologies, Inc., 2015
Printed in the USA
December 11, 2015
5991-6523EN

References

1. R. Chirita-Tampu; C. West, L;Fougere; C. Elfakir.
Advantages of HILIC Mobile Phases for LC–ESI–MS–MS
Analysis of Neurotransmitters. LCGC Europe. 2013, 26,
128-140.

2. H. P. Nguyen; K. A. Schug. The advantages of ESI-MS
detection in conjunction with HILIC mode separations:
Fundamentals and applications. J. Sep. Sci. 2008, 31,
1465–1480.

3. S. Zhou; K. D. Cook, J. Am. Soc. Protonation in
electrospray mass spectrometry: Wrong-way-round or
right-way-round? Mass Spectrom. 2000, 11, 961-966.

4. B. E. Boyes. Separations and Analysis of Peptides at
High pH. 4th WCBP, San Francisco Ca. 2000.

5. F. E. Kuhlmann; A. Apffel; S. M. Fischer; G. Goldberg;
P. Goodley. Signal enhancement for gradient reverse-
phase high-performance liquid chromatography-
electrospray ionization mass spectrometry analysis with
trifluoroacetic and other strong acid modifiers by
postcolumn addition of propionic acid and isopropanol.
J. Am. Soc. Mass Spectrom. 1995, 6, 1221-1225.

6. C. R. Mallet; Z. Lu; J. R. Mazzeo, Rapid Commun. A
study of ion suppression effects in electrospray
ionization from mobile phase additives and solid-phase
extracts. Mass Spectrom. 2004, 18, 49-56.

7. W. J. Long; A. E. Mack; X. Wang; W. E. Barber.
Selectivity and Sensitivity Improvements for Ionizable
Analytes Using High-pH-Stable Superficially Porous
Particles. LCGC 2015, 33 (4).

8. A. E. Mack; J. R. Evans; W.J. Long. Fast Analysis of
Illicit Drug Residues on Currency using Agilent
Poroshell 120; Application Note, Agilent Technologies,
Inc. Publication Number. 5990-6345EN, 2010.

For More Information

These data represent typical results. For more information
on our products and services, visit our Web site at
www.agilent.com/chem.


