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An experimental setup for the speciation of compounds by hydrogen/deuterium exchange (HDX) with
atmospheric pressure ionization while performing chromatographic separation is presented. The pro-
posed experimental setup combines the high performance supercritical fluid chromatography (SFC)
system that can be readily used as an inlet for mass spectrometry (MS) and atmospheric pressure
photo ionization (APPI) or atmospheric pressure chemical ionization (APCI) HDX. This combination over-
comes the limitation of an approach using conventional liquid chromatography (LC) by minimizing the
amount of deuterium solvents used for separation. In the SFC separation, supercritical CO, was used as
a major component of the mobile phase, and methanol was used as a minor co-solvent. By using deuter-
ated methanol (CH30D), AP HDX was achieved during SFC separation. To prove the concept, thirty one
nitrogen- and/or oxygen-containing standard compounds were analyzed by SFC-AP HDX MS. The com-
pounds were successfully speciated from the obtained SFC-MS spectra. The exchange ions were observed
with aslow as 1% of CH;0D in the mobile phase, and separation could be performed within approximately
20 min using approximately 0.24 mL of CH30D. The results showed that SFC separation and APPI/APCI
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HDX could be successfully performed using the suggested method.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

One of the important roles of mass spectrometry (MS) is to
identify molecular structures, and hydrogen/deuterium exchange
(HDX) combined with mass spectrometry (MS) has been used as a
dynamic tool to achieve this goal. HDX can be performed in solu-
tion or in gas phase [1-7]. Especially HDX can be performed in
the ionization source (in-source HDX). In-source HDX does not
require special experimental setup and can be done by switch-
ing to deuterium containing solvent or reagent gas. Therefore, it
is quick and convent way of performing HDX. HDX with chemi-
cal ionization (CI) was reported to be useful for the identification
of the labile hydrogens bonded to heteroatoms [1,2]. Mass spec-
tra of electrospray ionization (ESI) HDX were used to study various
compounds including proteins [3-5,8-16]. Recently, atmospheric
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pressure photo ionization (APPI) and atmospheric pressure chemi-
cal ionization (APCI) coupled to HDX MS and the usefulness of these
combined methods for elucidating the structure of compounds was
explored [17-20].

In most modern applications, MS with atmospheric pressure
ionization is coupled with chromatographic separation. In partic-
ular, liquid chromatography coupled with MS (LC-MS) is one of
the most important tools used for protein, metabolite, drug, and
hormone analyses [11,21-26]. Therefore, the combination of chro-
matographic separation and HDX is reasonably expected to be a
powerful tool for simultaneously obtaining mass and structural
information.

However, despite its potential, the combination of chromato-
graphic separation and in-source HDX coupled with atmospheric-
pressure ionization has not been widely used and only limited
examples are available [27,28]. The key reason for the lack of this
combination is attributable to the cost of analysis. To perform HDX
experiments, the use of solvents with exchangeable hydrogen must
be minimized because the presence of a protic solvent can induce
back-exchange of HDX products [29]. This phenomenon means that
use of solvent must be limited to aprotic solvents or deuterated
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Fig. 1. Spectra of 1-naphthylamine and 2-naphthol obtained using a toluene and anisole mixture (top), toluene (middle), and toluene-D (bottom) as dopants.

solvents such as D,0 or CH30D for chromatography. However, per-
forming separations using only aprotic solvents will limit choice
of solvents especially for the reverse phase separation. In addi-
tion, deuterated solvents are expensive; thus, filling LC bottles with
deuterated solvents is not practical.

To circumvent this problem, a chromatography technique that
does not involve the use of large amounts of protic solvents can
be utilized. A high performance supercritical fluid chromatography
(SFC) system that can be readily connected to a mass spectrometer
was developed and applied [30].

In SFC, supercritical CO, is typically used as a major component
of the mobile phase. Therefore, back exchange can be minimized. In
fact, SFC has been combined with HDX occurring in solution phase
to minimize back exchange [31]. However, combining SFC with in-
source HDX such as APPI HDX or APCI HDX has not been reported
before. Therefore, in this study, the potential of combining SFC and
in source APl HDX has been explored. We believe that this is the
first study reporting combination of SFC and in-source HDX/MS to
identify structures of aromatic compounds.

2. Material and methods
2.1. Sample preparation

31 standard compounds and solvents used in this study were
obtained from Sigma-Aldrich (St. Louis, MO) and used without
further purification. All of the standard samples were listed in Sup-
plementary material section (Table S1-S3). The elution time in the
UV chromatograms and concentration of the compounds used for
the SFC were also listed in the table. A group of compounds was
dissolved in toluene and injected into SFC column.

2.2. SFC separation

The experimental setup for SFC APPI/APCI HDX-MS is presented
in Fig. S1. An ACQUITY UPC2 manufactured by Waters (Milford, MA)
was used as the SFC system. For SFC separation, supercritical CO,
was used as the major mobile phase solvent, and methanol was

Table 1
Solvent program used for SFC separation of (a) nitrogen and oxygen containing
aromatic compounds and (b) steroid hormones.

(a)

Time (min) CO; (%) MeOD (%) Flow Rate (mL/min)
0.0 100 0 1
0.5 100 0 1
1.0 99 1 1
3.0 98 2 1
5.0 98 2 1
7.0 95 5 1
9.0 92 8 1
20.0 80 20 1
(b)
Time (min) CO; (%) MeOD (%) Flow Rate (mL/min)
0.0 95 5 1
2.0 92 8 1
13.0 80 20 1
20.0 80 20 1
25.0 100 0 1

used as a co-solvent. Deuterated methanol (CH30D) was used as a
co-solvent for HDX in this study. The solvent program used in this
study for SFC separation is presented in Table 1. The separation
was done in less than 15 min but the solvent program was up to
20 min to clean up and re-equilibrate the column. The SFC system
was equipped with a PDA detector. A BEH 2- Ethylpyridine (EP) col-
umn (100mm L x 3mm ID, 1.7 wm d, from Waters) was used for
separation of 12 nitrogen-, and 10 oxygen-containing organic com-
pounds. For 9 steroid hormone samples, BEH silica column (100 mm
Lx3mm ID, 1.7 wm dp from Waters) was used. Column oven was
operated at a temperature of 55 °C during running time of 20 min.

2.3. Notations for exchanged peaks

The notation for exchanged peak used in the previous work was
employed in this paper [18]. Briefly explained, M** designates a
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