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Abstract: An  O-[2-(methacryloyloxy)-ethylcarbamoyl]-10,11-dihydroquinidine
(MQD)-silica hybrid monolithic column was prepared by a facile “one-step” strategy
within a 100 um L.D. capillary. The influence of the methanol, ethylene glycol and water
volume ratio, reaction temperature and time, cetyltrimethylammonium bromide and
MQD monomers content and volume ratio of tetramethoxysilane and
vinyltrimethoxysilane was investigated to obtain a satisfactory morphology of
monolithic columns. The optimized MQD-silica hybrid monolithic column was
evaluated in terms of permeability, stability, efficiency, reproducibility, and was
characterized by scanning electron microscopy and nano-liquid chromatography.
Among the 52 N-derivatized protein and non-protein amino acids, a total of 44 analytes
could be baseline enantioseparated using the optimized conditions in either reversed
phase mode (RPM) or polar organic phase mode (POM). The results showed that POM
(ACN/MeOH/HAC/TEA (60/40/0.055/0.005, v/v/v/v)) offered better performance than
RPM (ACN/10 mM ammonium acetate (70/30, v/v) (apparent pH=5.3)) in terms of

enantioresolution and efficiency with shorter analysis times.

Keywords: Quinidine, Enantioseparation, Hybrid monolith, Nano-Liquid

Chromatography
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1. Introduction

Chiral analysis is a relevant topic in separation sciences due to its profound impact
in different fields such as pharmaceutical, agrochemical and food industry. Nowadays,
many possibilities are available to carry out a successful chiral separation, in which
micro-separative techniques play a vital role due to the advantages derived from their
inherent low dimensions. Among the different miniaturized strategies to achieve chiral
separations, the use of chiral columns in nano-liquid chromatography (nano-LC) or
capillary electrochromatography (CEC) has attracted much interest. Specifically,
monolithic stationary phases functionalized with quinidine or quinine have been used
in enantioseparation by these two techniques [1-3] and have demonstrated to offer an
excellent chiral separation ability for various kinds of acidic compounds such as amino
acids [4-5], small peptides [6], or profens [7-8]. Recently, several quinine and
quinidine-based monolithic columns have been developed by Ldmmerhofer et al., such
as organic polymer-based monoliths, O-[2-(methacryloyloxy)-ethylcarbamoyl]-10,11-
dihydroquinidine-co-2-hydroxyethyl methacrylate-co-ethylene dimethacrylate [1, 9-
10], 0-9-(tert-butylcarbamoyl)-11-[2-(methacryloyloxy)ethylthio]-10,11-
dihydroquinine-co-2-hydroxyethyl methacrylate-co-ethylene dimethacrylate [2], O-9-
(tert-butylcarbamoyl)-quinine-co- glycidylmethacrylate-co-ethylene dimethacrylate
[11], O-9-(tert-butylcarbamoyl)-quinine-co-3-mercaptopropyl  methylsiloxane-co-
glycidylmethacrylate-co-ethylene dimethacrylate [12-13]; and silica-based monoliths,
0-9-(tert-butylcarbamoyl)-11-[2-(methacryloyloxy)ethylthio]-10,11-dihydroquinine
[14] and O-9-(tert-butylcarbamoyl)-quinine [15]. The aim of those works was mainly
to describe the preparation strategy for those monolithic columns and their ability to
enantioseparate several N-derivatized amino acids and 2-aryloxypropionic acids. Wang
and co-workers developed several organic polymer-based quinidine monoliths, namely
O-[2-(methacryloyloxy)-ethylcarbamoyl]-10,11-dihydroquinidine-co-2-hydroxyethyl
methacrylate-co-ethylene dimethacrylate (poly(MQD-co-HEMA-co-EDMA)) [4, 16],
and O-[2-(methacryloyloxy)-ethylcarbamoyl]-10,11-dihydroquinidine-co-ethylene
dimethacrylate (poly (MQD-co-EDMA)) [5], and O-9-(tert-butylcarbamoyl)-11-[2-
(methacryloyloxy)ethylthio]-10,11-dihydroquinidine ~ (poly  (MBQD-co-HEMA-
EDMS)) [3]. On the optimized monolithic columns, 44 N-derivatized amino acids and
53 small peptides were enantioseparated [4, 6]. So far, the major category of quinidine
functionalized monoliths is silica- or polymer-based. However, to the best of our

knowledge, a quinidine functionalized organic-inorganic hybrid monolithic column has
3
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never been reported before.

Over the years, organic-inorganic hybrid monolithic columns have been
developed because of their excellent permeability, higher pH stability, high surface, and
superior performance [17-19]. Compared with the polymer-based and silica-based
monoliths, the less shrinkage for organic-silica hybrid monolith has received increasing
attention [20-22]. Hence, Tran ef al. [7, 8] developed quinine-silica/zirconia and fert-
butylcarbamoylquinine (1BuCQUI)-silica hybrid monolith using polyethylene glycol
(PEG), vinyltrimethoxysilane (VITMS) and tetramethoxysilane (TMOS), which
influence the phase separation time, hydrolyzation and condensation, respectively.
However, only several profens and dinitrobenzoyl (DNB) chloride derivatized amino
acids have been enantioseparated on the two hybrid monolithic columns, and the
preparation process was time-consuming due to the multi-step temperature regulation
used. In addition, several articles reported that reversed phase mode (RPM) and polar
organic phase mode (POM) can both be used in enantioseparation [1, 6, 9]. However,
to the best of our knowledge, only RPM has been used in the quinine functionalized
organic-inorganic hybrid monolithic column.

In this work, an O-[2-(methacryloyloxy)-ethylcarbamoyl]-10,11-
dihydroquinidine (MQD)-silica hybrid monolithic column was prepared within a 100
pm L.D. capillary through a facile “one-step” strategy. In order to obtain a satisfactory
permeability, the methanol (MeOH)/ethylene glycol (EG) (v/v), HoO/ammonium
hydroxide (NH3-H2O) (v/v), cetyltrimethylammonium bromide (CTAB) (mg),
TMOS/VTMS (v/v), monomer (MQD) (mg) in the pre-polymerizable mixture and the
reaction temperature and time were optimized in order to obtain the best column
efficiency and enantioresolution for a set of N-derivatized amino acids. The mobile
phase composition was evaluated on the optimized MQD-silica hybrid monolithic
column under the RPM and POM conditions, and a total of 52 N-derivatized protein
and non-protein amino acids were enantioseparated under both mobile phase modes.
Finally, the two different mobile phase modes were compared in terms of

enantioselectivity (a), analysis time, enantioresolution (R;) and column efficiency (N).

2.  Materials and methods
2.1. Reagents and solvents
10,11-dihydroquinidine, 2,2’-azobisisobutyronitrile (AIBN), 3-(trimethoxysilyl)-

propylmethacrylate (y-MAPS), 2-isocyanatoethyl methacrylate (ICNEML), VTMS,
4
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CTAB, TMOS and EG were acquired from Aladdin Chemicals (Shanghai, China).
MeOH, tetrahydrofuran (THF), chloroform (CHCI3), acetonitrile (ACN) and acetic acid
(HAc) were acquired from Scharlau Chemie (Barcelona, Spain). Triethylamine (TEA)
and 9-fluorenylmethoxycarbonyl (FMOC) chloride were obtained from Fluka (Buchs,
Switzerland). NH3-H>O, boric acid (H3BO3) and pentane were from Sigma (St. Louis,
Missouri, USA), and ammonium acetate was from Merck (Darmstadt, Germany). 3,5-
dinitrobenzoyl (3,5-DNB) chloride, p-nitrobenzoyl (p-NB) chloride, 3,5-
dimethoxybenzoyl chloride (3,5-DMB), 3,5-dichlorobenzoyl chloride (3,5-DCIB), m-
chlorobenzoyl chloride (m-CIB), p-chlorobenzoyl chloride (p-CIB), benzoyl chloride
(B) and propylene oxide were purchased from Tokyo Chemical Industry Co., Ltd.
(Tokyo, Japan). DL-arginine, DL-histidine, DL-lysine, DL-serine, DL-threonine, DL-
asparagine, DL-glutamine, DL-cysteine, DL-proline, DL-alanine, DL-valine, DL-
leucine, DL-methionine, DL-phenylalanine, DL-tyrosine, DL-tryptophan, DL-
ornithine and DL-citrulline standards were obtained from Fluka (Buchs, Switzerland),
while DL-isoleucine, DL-aspartic acid, DL-glutamic acid, DL-norvaline, DL-
norleucine, DL-dioxyphenylalanine, DL-pyroglutamic acid and DL-methionine sulfone
were obtained from Sigma (St. Louis, Missouri, USA). All the N-derivatized amino
acids were synthesized as previously described [4].

Fused-silica capillaries (375 um O.D. %X 100 um 1.D.) were obtained from Ruifeng
Chromatography Ltd. (Hebei, China). Distilled water was purified using a Milli-Q
water system from Millipore (Massachusetts, USA). Reversed phase mobile phases
were prepared by mixing ACN and ammonium acetate buffer solvents and adjusting the
apparent pH to the desired value using HAc. Polar organic mobile phases were set up
by mixing the desired ratio of ACN and MeOH, and then adding various amounts of
HAc and TEA. All mobile phases were subjected to filtration through a 0.22 pum

membrane and sonicated prior use.

2.2. Instrumentation

The molecular mass of the MQD monomer was determined on an AB Sciex
QTrap 4500 mass spectrometer (California, USA). A Jinghong DKS22 water bath
(Shanghai, China) was used for thermally initiated copolymerization. Scanning electron
microscopy (SEM) experiments were performed on a Zeiss Gemini ultra-55 SEM
(Deutschland, Germany) at an acceleration voltage of 5 kV. All nano-LC experiments

were conducted on a laboratory self-assembled instrument. The system consisted of a
5



154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186

Shimadzu LC-20AD pump (Kyoto, Japan), a Linear Instruments UVIS-200 detector
(California, USA), and a Valco four-port injection valve with a 20 nL internal loop
(Houston, USA). In order to reduce the flow rate, a stainless-steel tee (Cheminert, Valco
Instruments Houston, Texas, USA) with a flow split capillary (150 mm X 25 ym L.D.)
was employed before the injection valve. Data acquisition and handling were performed
using the software Chromatostation N200 (Zhejiang University, China). All
chromatograms were converted to a text file and then redrawn using Microcal Origin
8.5. The pH values of buffer solutions were measured by a 744 pH meter (Herisau,

Switzerland).

2.3. Preparation of the MQD-silica hybrid monolithic column

At the beginning, the fused-silica capillary inner wall was modified using vy-
MAPS/MeOH (50/50, v/v), in order to provide the anchoring sites for the bulk polymer
[3], and the chiral functional monomer MQD was synthesized according to a previously
reported method [ 1, 4], the MS spectrum (ESI+) of the purified product is depicted in
Fig. S1 where an ion at m/z 482.2, i.e. the [M+H]" ion from the functional MQD
monomer, is observed.

The schematic representation of the preparation of the MQD-silica hybrid
monolithic column is illustrated in Fig. 1. The pre-polymerizable mixture for preparing
the MQD-silica hybrid monolithic column was obtained by mixing the MQD (6.0 mg),
MeOH (100 puL), EG (30 pL), CTAB (1.6 mg), H>O (30 uL), NH3-H2O (0.02 M, 30 uL),
TMOS (60 pL), VTMS (80 uL), and AIBN (1 mg) in a 2-mL vial. After sonicating for
5 min at room temperature, a homogeneous solution was obtained and was then
introduced into the 30 cm pretreated capillary. Then, both ends of the capillaries were
sealed with GC septa and submerged into the water bath (40 °C) for 12 h and followed
by another 12 h at 60 °C. The unreacted CTAB and other residuals were removed by
flushing the column with methanol. The obtained monolith column was cut to 15 cm
for nano-LC analysis. A 2-5 mm length of the monolith column was used for SEM

analysis (Fig. S2).

3.  Results and discussion
3.1. Preparation and characterization of the MQD-silica hybrid monolithic

column
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3.1.1. Preparation of the MQD-silica hybrid monolithic column

Previous research has proved that the physicochemical and chromatographic
properties of the hybrid monolithic column can be controlled by changing the pre-
polymerizable mixture [ 18]. In order to obtain a hybrid monolithic column with a good
permeability, the solvent combination (MeOH, EG, H>O and NH3-H>0), the content of
the CTAB, MQD monomer, the ratio of TMOS/VTMS (v/v) and the reaction time and
temperature were investigated under the microscope, as shown in Table 1.

First, the combination of different solvents (H.O, MeOH, ethanol, DMF, DMSO,
THEF, benzyl alcohol, EG, ethyl acetate, 1,4-butanediol and 1-propanol) was tested.
Among the different solvents evaluated, a ternary system containing H-O, MeOH and
EG was selected because of its good solubility for MQD. Then, the influence of the
MeOH/EG ratio (v/v) and the content of H>O was studied by varying them from 95/35
(column C1) to 105/25 (column C3), and from 25 pL (column C4) to 35 uL (column
C5), respectively. As can be observed in the microscope images from Table 1, the
column C2 prepared with MeOH/EG/H>O/NH3-H>O (100/30/30/30, v/v/v/v) exhibited
a very good morphology in the microscope images when compared to columns C1
(slack morphology), C3 (semitransparent morphology), C4 (transparent morphology)
and C5 (slack morphology), therefore, it was selected for the following studies.

The CTAB content has proved to have a strong impact on the hybrid column
morphology [18]. Different weight fractions of CTAB were assayed: 1.2 mg (column
C6), 1.6 mg (column C2) and 2.0 mg (column C7). The column C6 showed a
semitransparent morphology because of the low content of CTAB, but the column C7
was slack. Because CTAB acts as a supramolecular template in the reaction process for
hybrid monolithic column, high amounts of CTAB in the pre-polymerizable mixture
results in a slack morphology for the monolith. Therefore, an amount of 1.6 mg of
CTAB (column C2) was selected for the next studies.

In order to get a homogeneous solution which can be introduced into the capillary,
the reaction of hydrolysis and polycondensation necessary to prepare the hybrid
monolithic column was adjusted based on the ratio of TMOS/VTMS and the content of
MQD. Different TMOS/VTMS ratios (uL, v/v) were tested from 55:85 (column C8) to
65:75 (column C9) and the content of MQD was tested from 4.0 mg (C10) to 8.0 mg
(C11). All the morphologies obtained can be seen in Table 1. When decreasing the
content of VITMS and MQD, while other conditions were kept constant, the morphology

image of the monolithic column became slacker. Finally, a TMOS/VTMS ratio of 60:80
;
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(uL, v/v) and MQD 6.0 mg (column C2) was chosen for the following experiment
because it was a transparent and homogeneous solution which was easier to introduce
into the capillary.

Another aspect to take into account is the reaction temperature and time as they
affect the morphology and permeability of the monolithic column. Three different

conditions were tested: 40 ‘C during 12 h followed by 60 “C during 12 h (column C2),
40 °C for 24 h (column C12) and 60 “C during 24 h (column C13). The microscope

images of the columns prepared under the different temperatures and times are shown
in Table 1. Column C2 was selected because of the monolithic column exhibited a good
morphology image.

Based on these optimization experiments, the pre-polymerizable mixture
consisting on MeOH (100 puL), EG (30 uL), H>O (30 uL), NH3-H>O (0.02 M, 30 pL),
TMOS (60 uL), VTMS (80 uL), CTAB (1.6 mg), MQD (6.0 mg) and AIBN (1.0 mg)
was chosen, conducting the reaction at 40 °C for 12 h followed by 60 °C for 12 h. As
shown in Fig. S2, the morphology of the MQD-silica hybrid monolithic column
(column C2) was evaluated by SEM, and the SEM images indicated that the column
C2 had the morphology of a continuous skeleton and large through-pores, and the

monolithic rod was tightly anchored on the inner wall of the capillary column.

3.1.2.Physicochemical evaluation of the MQD-silica hybrid monolithic column
The permeability (K) of the monolithic column can be calculated using the
following equation [23,24]:
_unL
AP
being u the linear velocity of the mobile phase, L the length of the column, AP the
pressure drop across the column, and 1 the dynamic viscosity of the eluent. Toluene
(ACN or MeOH as mobile phase) and thiourea (ACN/H0 (50/50, v/v) as mobile phase)
were selected as the dead time markers. As can be seen in Table S1, the calculated K
values for the chosen column (column C2) were 2.95 x 10714, 2.93 x 10'* and 2.47 x
107'* m? when using ACN, MeOH and ACN/H20 (50/50, v/v) as the mobile phases,
respectively. As can be seen in Fig. S3, the mechanical stability showed satisfactory
linearity between the linear velocity and the backpressure, in the range of 5-100 bar, the
R? values for ACN, MeOH and H,O/ACN (50/50, v/v) were 0.9996, 0.9997, 0.9988,

respectively. Overall, the results indicated good permeability and mechanical stability
8
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for the optimized MQD-silica hybrid monolithic column in the solvents with different

polarities.

3.1.3.Reproducibility of the MQD-silica hybrid monolithic column

The reproducibility of the MQD-silica hybrid monolithic column was evaluated
through the RSD values for retention factors (k;, k2), a and R, of the N-derivatized
racemic p-NB-leucine using a mixture of ACN/10 mM ammonium acetate (70/30, v/v)
(apparent pH 5.3) as mobile phase (see Table S2). The run-to-run RSDs (n=6) for 4;
and k> were 1.81% and 1.24%, while the column-to-column RSDs (n=5) for the
retention factors were 2.53% and 3.05%, respectively. The batch-to-batch repeatability
(n=3) for k; and k> was also adequate with RSDs values of 4.29% and 3.59%,
respectively, in addition to day-to-day repeatability (n=3) which were 1.73% and 1.69%,
respectively. RSD values of o and R, were also satisfactory: < 4.04. These data clearly
indicated that the MQD-silica hybrid monolithic column has a satisfactory

reproducibility for enantioseparation in nano-LC.

3.2. Effects of the mobile phase composition
3.2.1.Reversed phase mode

As reported in previous studies [4], two N-derivatized amino acids (p-NB-leucine
(see Figure 2), 3,5-DMB-leucine (see Table S3)) were selected as test analytes, and the
k, o and R,y were used to evaluate the MQD-silica hybrid monolithic column, in the
RPM. In order to obtain satisfactory enantioseparation conditions, the concentration of
the organic solvent, apparent pH and buffer concentration in the mobile phase were
optimized.

The effect of the apparent pH of the mobile phase was evaluated from 4.3 to 6.3,
while the mobile phase composition was kept constant (ACN/5 mM ammonium acetate
(80/20, v/v)). As shown in Figure 2a and b, the k; increased with increasing the
apparent pH. On the other hand, R; improved with increasing the apparent pH from 4.3
to 5.3, and then levelled off from 5.3 to 6.3. These results are also in agreement with
previous studies [4]. A high apparent pH of the mobile phase would lead to a higher
negative charge of the two N-derivatized amino acids (p-NB-leucine and 3,5-DMB-
leucine), resulting in a stronger electrostatic interaction with the positively charged
quinidine chiral stationary phase. Hence, an apparent pH of 5.3 was chosen for the

following experiments.
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The influence of the ACN concentration in the mobile phase on the k; and R; also
evaluated. As shown in Figure 2¢, both k; and Ry decreased when increasing the ACN
concentration from 60 to 90% (v/v). This is due to the fact that a higher ACN
concentration would cause a weaker hydrophobic interaction between the CSP and the
tested enantiomers. Thus, 70% (v/v) ACN was selected for the following experiments
as a compromise between the analysis time and enantioresolution.

The concentration of the ammonium acetate buffer was also studied from 1 to 30
mM. As shown in Figure 2d, when increasing the buffer concentration in the mobile
phase, both k; and R, decreased. Moreover, it was found that when the concentration of
buffer was low (1 mM), R; were adequate for the two test analytes, while their analysis
times were rather long (>60 min). Finally, 10 mM ammonium acetate buffer was
selected as the optimum mobile phase modifier.

Under the optimal RPM conditions which consist of ACN/10 mM ammonium
acetate (70/30, v/v) (apparent pH=5.3), 52 N-derivatized amino acids were tested. As
shown in Table 2, 42 out of 52 were baseline enantioseparated (R; > 1.5) on the
monolithic column. However, most of N-derivatized FMOC amino acids were not
baseline enantioseparated, except the FMOC-isoleucine and FMOC-valine (R, were
1.55 and 1.71, respectively). Fig. 3 displays the enantioseparation for p-NB-leucine, p-
CIB-Alanine, p-CIB-Methionine, 3,5-DMB-Leucine, 3,5-DCIB-Alanine and p-NB-

Methionine.

3.2.2. Polar organic phase mode

The second mode to be assayed was the POM. According to previous studies [6],
N-derivatized amino acids can be enantioresolved in POM, specifically in a mobile
phase consisting of ACN/MeOH and HAc/TEA. In this study, B-leucine (see Figure 4)
and 3,5-DCIB-leucine (see Table S4) were selected as the test analytes. The ratio of
MeOH/ACN, HAc/TEA and the total concentration of HAc and TEA were optimized
as in previous reports [25-27].

The influence of the MeOH/ACN ratio on the k; and R, for the two test analytes
was evaluated from 60/40 (%, v/v) to 20/80 (%, v/v), while the total concentration of
TEA and HAc was kept constant. As shown in Figure 4a and b, the k; increased
gradually with decreasing the MeOH concentration from 60 to 20% (v/v). However,
the Ry increased when increasing the content of MeOH from 20 to 40% (v/v), then

decreased when further increasing the content to 60% (v/v). Hence, 40:60 (MeOH/ACN,
10
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v/v) was selected as the optimum mobile phase for the following experiments.

After, the effect of the total concentration of HAc+TEA was evaluated from 0.015
to 0.48% (v/v), while the ratio of HAc/TEA (5/1, v/v) was kept constant (see Figure
4c¢). The N; increased when the total concentration of HAc+TEA increased from 0.015
to 0.48% (v/v). The highest total concentration of HAc+TEA would lead to higher
efficiency and shorter analysis time, because of the weaker interaction between the
enantiomers and the CSP when increasing the concentration of the competing acetate
anion in the solvent. On the other hand, the R, increased when increasing the
concentration of HAc+TEA from 0.015 to 0.06% (v/v), then it decreased when the
concentration of HAc+TEA increased up to 0.48% (v/v). Thus, a total concentration of
0.06% (v/v) for HAc+TEA was used for further experiments because it enabled to
obtain the highest enantioresolution.

Finally, the HAc/TEA ratio was investigated. As can be seen in Figure 4d, the Ry
and N; of B-leucine increased when increasing the ratio of HAc/TEA from 3:1 (%, v/v)
to 5:1 (%, v/v), then remained almost constant from 5:1 (%, v/v) to 29:1 (%, v/v). In
the case of 3,5-DCIB-Leucine (see Table S4) the Ry kept increasing and remained
almost constant at 11:1 (%, v/v) and 29:1 (%, v/v). As a compromise, a HAc/TEA ratio
of 11:1 (%, v/v) was selected.

Under the optimal POM conditions, this is, MeOH/ACN (40/60, v/v), 0.055%
(v/v) HAc and 0.005% (v/v) TEA (i.e., a 11:1 HAc/TEA (%, v/v) ratio), 52 N-
derivatized amino acids were tested. It is important to note that the peaks of 3,5-DCIB-
methionine, 3,5-DMB-threonine, m-CIB-threonine and B-threonine were deteriorated
when using the optimal POM conditions (see Fig. S4), thus, mobile phase conditions
had to be slightly modified. As can be seen in Table 3, also 44 out of 52 were finally
baseline enantioseparated (R, > 1.5) on the monolithic column using POM conditions.
Same as in RPM, most of FMOC-derivatized amino acids also can not be baseline
enantioresolved. The enantioseparations for p-NB-leucine, p-CIB-alanine, p-CIB-
methionine, 3,5-DMB-leucine, 3,5-DCIB-alanine and p-NB-methionine under POM

conditions were displayed in Fig. 5.

3.3. Comparison of the enantioseparation of N-derivatized amino acids under
POM and RPM conditions
In order to further investigate the enantioseparation ability of the MQD-silica

hybrid monolithic column for the 52 N-derivatized amino acids, the results obtained
11
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under RPM and POM conditions were compared in terms of the a, Ry, N; and analysis
time.

A total of 44 N-derivatized amino acids could be enantioseparated in both RPM
and POM with similar a values (Fig. 6). Comparing the o values for all the amino acids
in the same mode, the higher electrophilic character of the N-protecting groups would
lead to a higher enantioselectivity, following this trend: 3,5-DNB-leucine (o = 4.22)>
3,5-DCIB-leucine (o =2.62)> 3,5-DMB-leucine (o = 1.91)> m-CIB-leucine (a.=1.80)>
p-NB-leucine (a = 1.73)> p-CIB-leucine (a=1.58)> B-leucine (a=1.33) (in the case of
RPM; similar trend was found for POM). Regarding the enantioresolution and column
efficiency (Fig. 7), these values were higher in POM than in RPM. Unfortunately, most
of FMOC-derivatized amino acids were not baseline enantioseparated in any of the two
modes (except the FMOC-isoleucine and FMOC-valine which could be baseline
enantioseparated in RPM), as earlier commented. Regarding the analysis time values,
they were shorter in POM when compared to RPM for all the N-derivatized amino acids
tested (Fig. 6).

Overall, the POM offered better performance than RPM for the N-derivatized

amino acids herein tested in terms of the enantioresolution, efficiency and analysis time.

4.  Conclusions

This study shows a straightforward “one-step” strategy to prepare a MQD-silica
hybrid monolithic column within a 100 um I.D. capillary. Under the optimal preparation
conditions, the resulting monolithic column exhibited good permeability, mechanical
stability, and reproducibility. After the optimization of the both RPM and POM
chromatographic conditions, a total of 52 N-derivatized amino acids were
enantioseparated in nano-LC, and baseline enantioseparation was observed for 44 of
them in both modes. Most of FMOC-derivatized amino acids were not baseline
separated under both chromatographic modes although chiral discrimination was
observed for all of them. When comparing RPM and POM chromatographic modes, the
POM offered better performance than RPM in terms of column efficiency and

enantioresolution with shorter analysis time.
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Figure captions:

Fig. 1. Schematic representation of the preparation of the MQD-silica hybrid monolith.
Fig. 2. Effect of the apparent pH values on (a) retention factor and enantioselectivity;
(b) enantioseparation and column efficiency; effect of the (c¢) content of ACN and (d)
concentration of the buffer for p-NB-leucine on the retention factor and
enantioresolution, in the reversed phase mode. Experimental conditions: (a) and (b)
ACN/5 mM ammonium acetate (80/20, v/v) (at the desired apparent pH values); (c)
ACN/5 mM ammonium acetate (at the desired ratio of ACN and buffer, v/v) (apparent
pH=5.3); (d) ACN/ammonium acetate (at the desired concentration of the buffer)
(70/30, v/v) (apparent pH=5.3). Column dimensions: 15 cm x 100 um 1.D.; UV
detection wavelength: 254 nm; flow rate: 10 uL/min; injection volume: 20 nL.

Fig. 3. Enantioseparation of some N-derivatized amino acids in the reversed phase
mode. Mobile phase: ACN/10 mM ammonium acetate (70/30, v/v) (apparent pH=5.3);
Other experimental conditions are the same as in Figure 2.

Fig. 4. Effect of the MeOH content on (a) retention factor and enantioselectivity; (b)
enantioseparation and column efficiency; effect of the (c¢) concentration and (d) ratio of
the HAc/TEA for B-leucine retention factor and enantioresolution in the polar organic
phase mode. Experimental conditions: (a) and (b) MeOH/ACN/HAC/TEA (at the
desired ratio of MeOH and ACN/0.2/0.04, v/v/v/v); (¢) MeOH/ACN/HAc/TEA
(40/60/at the desired content of HAc and TEA, v/v/v/v); (d) MeOH/ACN/HAc/TEA
(40/60/at the desired ratio of HAc and TEA, v/v/v/v). Column dimensions: 15 cm x 100
um L.D.; UV detection wavelength: 254 nm; flow rate: 10 pL/min; injection volume:
20 nL.

Fig. 5. Enantioseparation of some N-derivatized amino acids in the polar organic phase
mode. Mobile phase: ACN/MeOH/HAC/TEA (60/40/0.055/0.005, v/v/v/v); Other
experimental conditions are the same as in Figure 4.

Fig. 6. Comparison of the enantioselectivity and analysis time (time of the second
enantiomer) under the reversed phase mode and polar organic phase mode.
Experimental conditions for reversed phase mode and polar organic mode as in Figure
2 and Table 5, respectively.

Fig. 7. Comparison of the enantioresolution and efficiency under the reversed phase
mode and the polar organic phase mode. Experimental conditions for reversed phase

mode and polar organic mode as in Figure 2 and Table 5, respectively.
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Tables captions:

Table 1. Effect of the preparation parameters for the MQD-silica hybrid monolithic
columns.

Table 2. Enantioseparation of N-derivatized amino acids in the reversed phase mode.
Experimental conditions are the same as in Figure 3.

Table 3. Enantioseparation of N-derivatized amino acids in the polar organic phase
mode. Experimental conditions: (a) ACN/MeOH/HAc/TEA (60/40/0.055/0.005,
v/v/viv); (b) ACN/MeOH/HAC/TEA (60/40/0.11/0.01, v/v/v/v); (c)
ACN/MeOH/HAC/TEA (60/40/0.22/0.02, v/v/v/v). Other experimental conditions as

in Figure 5.

19



Figure 1.

10,11-Dihydroquinidine

VTMS

“si 2 gi4
" Mrrnn,
CTAB HQ\g’? é\@?’ & Moy
®40°C 13k b\%; 0~g;-OH
@2)60°CG,12h & -OH § "m(;
» g \ %,
Mop

MQD-silica hybrid monolith



Figure 2.

r 1.8

wysayerd 0f
] A

1.2

=R

S

r2.2

T T T
by < =
2 « «

1.8

uonnjosa.onueuy

AAnddpPsonuBuy

1.5

14

I kl
E—

]
A

.

/N

a 25-

T T T
n < n
— — <

J10)06J UOHUIANY

2.0

0.0

6.5

6.0

5.5

5.0

4.5

4.0

6.5

6.0

5.5

5.0

4.5

4.0

pH

pH

uonnjosa.aonueuy

-] =] o ] <
w) < [ag} (o} —
L 1 1 1 1 1
" <4 n - w
e
Ll
[ Ly
(o]
| <
N
« \- - H
. =
\ \ \ \ B
A ]
A\ -\
T T T T >
=]} =]} =]} =]} =]
3 ) ~ & =
=] J0)O8) UonuY
uonnjosd.IonuLy
] £- (o'} -} < =}
< ) ] N & N
L 1 1 1 1
< o R
LA
T -
- o
Pl | ] - %
i@
« [ 1 - m
\ \ o
N=J
o B
T T T T T T T
° ® S a -+ ) ®
v - - Lag} (o] — >
5 J0)06) UONUANNY

Concentration of the buffer (mM)

ACN (%, vIv)



Figure 3.

Absotbance (mAU)

Absorbance {mAU)

p-NB Leudne
3
x4
14
[ SN
T T T T 1
0 5 m 15 n 5
Time (min)
4
35 DMRB Leundcne
3
2
14
04
T T T T
0 5 10 15 m
Time (min)

Absorbance (mAU)

Absorbance (mAU)

| p-CIR Alanine
T T
o 5 10 15
Time Gmin)
4
3,5 DOIB Almine
3
2
1
0|
‘ ‘ T T ‘
[ ] 5 10 15 - ] 25

Absorbance (mAU)

‘,
p-CIB Methiouine
3,
2’
1l
L] T T T T T
[ ] 5 10 15 20 30
Time (min)
59 p-NB Methisnine
44
_—
a2
&
i
£
21y
=]
ll,
‘ ‘ :
1] 5 m 15 25



wysaperd 01
3 wn

(o}
1

r3.5
3.0

2.0

" 2

' / |

ya

S
A

T T
< «Q
— —

1.1

=

uonnjosa.aonueuy

AIAnddpPsonueuy
A “
— —

r1.5

——k
—a— g

[~ J0)oe] Uuonua)Yy

MeOH (%, vIv)

MeOH (%, V/v)

wysajerd 01

< =
(o} (o}
1 L 1

r2.7
1.8

s

——

\

T T T
15 20 25

Ratio of HA¢/TEA

10

8
6
14

S
(o}
= uonnjosd.IonuBUH

wysoyerd 01
< <
< b

1.0

=]
<
L
o
4
| <«
1

1
[ ]
[

10 20 30 4 50

0
Concentration of the total HAc and TEA (107 %, v/v)

—

opNJosdIonuEUH

C 18-
=



Figure 5.

| p-NE-Lencine

Absorbance (mAl)
N

0 5 m
Tme (min)
3 3,5 DMB Lencime
4
9
H
4 ]
0
o s 1
Time (min)

Absorbance (mAU)

pCIB Abmine

Absorbance (mAU)

U.A
5
&

Absorbance (mAU)

Absotbance (mAl)

5_
p-CIB Methionine
4
3
2
14
0
T T T T T
[ ] 5 10 15 2 b3
Time (min)
5 -
p-NB Methisame
4
3
2
14
04
T T T T
[} 5 m 15



Figure 6.

120

=d— POM-Enantioselectivity

==L RPM-Enantioselecitvity

I POM-analysis time

C—IRPM-analysis time

=

=
=

(umu) swm sIsAjeuy

=
-]

>
sl

AUPNAOSF-IONA

AUOJ[NS FUMOIIN-DOWA

URNAION-DONH
AuIeALON-DOINA
JUEA-DONA
AUOIPAN-DONA
weydoydAi-D0NA
awue[y-D0NA

aupnat-g
JuuodAy I-g

IO IIAI-H

Ao |- [

AUPNAT-g[)-m

. Sui[eAION-HINU-SE
[ SupnI-gAA-SE

N Suiuoaay | -HINA S E
§f I SO PN -FING-SE

ey -gIN(-SE

MUY PN-AIIA-SE
uepdoydAI-HIDASE
auPsAD-gIIA-SE
UM T-HIDA-SE
auuEE A J-gIDISE
UHONIA-HIDA-SE
QURNAON-FIDU-S'E
AUPNRA[OSF-IIDA-SE
auuRy-g1D0A-SE
AMRS-HIDASE
JMEA-HIDASE
AUWBAION-HIDA-S'E
QMUY - AIASE

— sunely-gNa-SE

smueEAwY-gNG-SE

e — U S (N
L — 1 | LE 0 3 NS

bﬁuou_umc::u:m—

ueqdoydia) -ANG-SE
I U0y -INASE
e ——— L EUNE | N1 B

[ — aueAlON-gNG-SE
— A ANGS

QRN FING-S'E
IUPNAOSANA-SE

FMOC

3,5-DCIB

3,5-DNB



10

==d— POM-Enantioresolution

==0==RPM-Enantioresolution

s POM-Efficiency

C—JRPM-Efficiency

15
12

Figure 7.

(:01) £doustoyyy

w < ~ [=]

aWINI[OS-DO A
JUOJ[NS IUVONIIA-DONA
AUPNALON-DOINA
AMEATON-DOINA
AMEA-DOINA

N SuuonpIA-DOWA
e ueydopd i) -0
uETY-JOWA

AN -4

q

s
-

FMOC

‘! -:'

'il.,'

IMUONIN-
auuery-g-d |
1
suuonyIN-g1)-d m !
aupnago-d [
(I auuoa. -g1 )
JUINA - [t m
=
amuery-g[J)-w Q
AWUONPIA-F - =
SUPNALION-HNGSE |
AMRAION-FINA-SE
ANy - GNASE m
AWMU | -HINA-SE a
JMUOIPIN-HNASE
AWUEY-HINA-SE
auuepy-gN-d 1
]
amuonpaN-gN-d m !
auond -gN-d & "
I JunOD-gIDA-SE
JUO[nS FWUONPU-AIIA-SE
o — geydoyd il -GIDA-SE
m—— a1
ooy g[S E
— mue e -1 A-SE
I SuuonpIN-a IS E
I owonIION-HT)A-SE
I JudnR[0S[-H [ DU-S'E

i
. WuEV-gIIA-SE
J I owRS-H[)d-SE

1
1
smuod T -g m !
1
1

.E-

By

<~ NP
I

HIHD

O

3,5-DCIB

W [eA-IIA-SE
d (E— W eAON-HIDU-SE
'.,_|| UL L-GIDIA§E
S amuey-gNd-s‘c
o [ Smue[ B AU -INASE
- (N 5uof[ns AUIHONIPA-ANG-SE
.y B om ) ANG-SE
. g ueydoyd L1 -ANGSE
\. — wuonIA-gNJ-S €
. I— >updna1ON-gNU-§'E
41 — (e ALON-ANGS
w, I SuEA-INASE
5 —— awana NS E
y I 5w INASE

3,5-DNB

[ -] oy =

uonnosaIonuRIY



Table 1. Effect of the preparation parameters for the MQD-silica hybrid monolithic columns.

MeOH/EG H»0O/ NH3-H,O CTAB TMOS/VTMS MQD Temperature and Time
Column Morphology
(ML, v/v) (ML, V/v) (mg) (ML, V/v) (mg) (C, h)
c1 95/35 30/30 1.6 60/30 6.0 40°C, 12'h; 60 °C, 12 h E
C2 100/30 30/30 1.6 60/80 6.0 40°C, 12'h; 60 °C, 12 h =
c3 105/25 30/30 1.6 60/30 6.0 40°C, 121; 60 °C, 12 h E———
C4 100/30 25/30 1.6 60/80 6.0 40°C, 12h;60°C, 12h
cs 100/30 35/30 1.6 60/80 6.0 40°C, 12h; 60 °C, 12 —
C6 100/30 30/30 12 60/30 6.0 40°C, 12'h; 60 °C, 12 h E
c7 100/30 30/30 2.0 60/80 6.0 40°C. 12h: 60 C, 12 e—
Cs 100/30 25/30 1.6 55/85 60 40T, 12h60°C, 12h D
C9 100/30 35/30 1.6 65/75 6.0 40°C, 12 h; 60 °C, 12 h
C10 100/30 30/30 1.6 60/80 4.0 40 °C, 121; 60 °C, 12 h —
c11 100/30 30/30 1.6 60/80 8.0 40°C, 12'h; 60 °C, 12 h z
C12 100/30 30/30 1.6 60/80 6.0 40°C,24h ——
C13 100/30 30/30 1.6 60/80 6.0 60 °C, 24 h =




Table 2. Enantioseparation of N-derivatized amino acids in the reversed phase mode.

Sample ki k> a R Ni (m) N> (m)
3,5-DNB-isoleucine 2.01 10.95 5.45 8.40 17300 12400
3,5-DNB-leucine 1.86 7.84 4.22 7.62 14500 11500
3,5-DNB-valine 1.85 8.31 4.49 10.10 14000 9200
3,5-DNB-norvaline 1.95 7.39 3.79 8.94 15100 10000
3,5-DNB-norleucine 2.19 8.31 3.79 8.97 14800 9500
3,5-DNB-methionine 2.24 7.80 3.48 8.37 14500 9500
3,5-DNB-tryptophan 3.30 12.83 3.89 8.47 14300 10100
3,5-DNB-citrulline 1.13 3.11 2.75 3.81 10100 7000
3,5-DNB-methionine sulfone 1.35 4.04 2.99 451 14000 6300
3,5-DNB-phenylalanine 2.79 10.77 3.86 6.83 16400 8700
3,5-DNB-alanine 1.50 2.45 1.63 2.65 17600 14600
3,5-DCIB-threonine 2.43 5.63 2.32 5.44 17100 15700
3,5-DCIB-norvaline 3.05 7.69 2.52 6.19 18300 13600
3,5-DCIB-valine 3.07 8.73 2.84 6.02 14700 9300
3,5-DCIB-serine 2.46 5.11 2.08 4.86 17700 16100
3,5-DCIB-alanine 2.71 5.58 2.06 433 16000 13500

3,5-DCIB-isoleucine 3.24 10.00 3.09 5.73 13200 9800



3,5-DCIB-norleucine
3,5-DCIB-methionine
3,5-DCIB-phenylalanine
3,5-DCIB-leucine
3,5-DCIB-cysteine
3,5-DCIB-tryptophan
3,5-DCIB-methionine sulfone
3,5-DCIB-citrulline
p-NB-leucine
p-NB-methionine
p-NB-alanine
3,5-DMB-alanine
3,5-DMB-methionine
3,5-DMB-threonine
3,5-DMB-leucine
3,5-DMB-norvaline
3,5-DMB-norleucine
m-CIB-methionine

m-CIB-alanine

3.55
3.54
443
291
447
4.66
2.04
1.65
1.53
1.99
1.50
1.47
1.91
1.39
1.37
1.68
1.93
2.73
2.12

9.09
8.60
10.99
7.63
10.10
10.86
4.20
3.50
2.65
3.17
2.14
241
3.35
2.27
2.62
3.15
3.60
4.57
3.20

2.56
243
2.48
2.62
2.26
2.33
2.06
2.12
1.73
1.59
1.43
1.64
1.75
1.63
1.91
1.88
1.87
1.67
1.51

6.23
5.61
6.13
5.52
4.63
4.78
2.90
3.67
2.86
291
2.17
2.69
2.87
2.54
3.11
3.54
3.81
3.47
2.62

14200
15500
15500
13500
13800
11600
6400
10900
15000
17000
20800
18000
14500
18300
13500
16400
16500
16800
18600

11200
13800
11200
10500
9000

9700

5200

8000

13600
15000
18700
15700
10200
15000
10900
14800
15000
15200
17600



m-CIB-leucine 2.21 3.97 1.80 3.39 13700 12200

m-CIB-threonine 1.88 3.01 1.60 2.85 16500 11000
p-CIB-leucine 2.08 3.28 1.58 242 13500 12800
p-CIB-methionine 2.55 3.87 1.52 2.65 16700 15000
p-CIB-alanine 1.95 2.68 1.37 2.04 20500 17600
B-methionine 2.19 2.87 1.31 1.66 16000 15500
B-threonine 1.49 1.93 1.29 1.53 19000 18200
B-leucine 1.60 2.13 1.33 1.51 13000 9500
FMOC-alanine 2.27 2.62 1.15 1.25 20300 18600
FMOC-tryptophan 4.24 5.02 1.18 1.26 13500 13000
FMOC-methionine 3.42 4.06 1.19 0.84 13200 8900
FMOC-valine 2.57 3.35 1.30 1.55 12000 9700
FMOC-norvaline 2.56 3.14 1.23 0.88 11000 8200
FMOC-norleucine 2.96 3.49 1.18 0.81 12300 9300
FMOC-methionine sulfone 1.91 2.33 1.22 0.81 13400 8500
FMOC-isoleucine 2.68 3.59 1.34 1.71 13900 8700

Experimental conditions as in Figure 3.



Table 3. Enantioseparation of N-derivatized amino acids in the polar organic phase mode.

Sample ki k> o R Ni (m) N> (m)
3,5-DNB-isoleucine® 1.07 7.97 7.45 14.30 21100 18500
3,5-DNB-leucine? 1.03 5.00 4.85 11.03 21700 16900
3,5-DNB-valine? 1.19 6.27 5.27 9.79 22000 12300
3,5-DNB-norvaline® 1.16 4.87 4.20 9.35 26000 13500
3,5-DNB-norleucine? 1.15 4.94 4.29 8.98 16600 10000
3,5-DNB-methionine? 1.61 6.41 3.98 8.86 18800 13400
3,5-DNB-tryptophan® 1.94 7.66 3.95 7.87 12500 8950
3,5-DNB-citrulline® 1.28 4.79 3.74 7.84 15500 12300
3,5-DNB-methionine sulfone® 1.66 5.67 3.42 7.72 11700 11400
3,5-DNB-phenylalanine® 1.66 6.32 3.81 5.98 11600 8000
3,5-DNB-alanine? 1.25 2.15 1.72 3.90 30700 28300
3,5-DCIB-threonine® 2.28 5.13 2.25 6.87 28100 24700
3,5-DCIB-norvaline® 1.40 3.89 2.78 6.48 17200 16200
3,5-DCIB-valine® 1.65 4.59 2.78 6.47 18600 14100
3,5-DCIB-serine® 2.52 5.24 2.08 6.19 23400 21600
3,5-DCIB-alanine? 1.71 3.67 2.15 5.89 29300 26400

3,5-DCIB-isoleucine? 1.47 4.67 3.18 5.72 21300 9600



3,5-DCIB-norleucine?

3,5-DCIB-methionine®

3,5-DCIB-phenylalanine®

3,5-DCIB-leucine?
3,5-DCIB-cysteine?
3,5-DCIB-tryptophan®

3,5-DCIB-methionine sulfone?®

3,5-DCIB-citrulline?
p-NB-leucine®
p-NB-methionine?
p-NB-alanine®
3,5-DMB-alanine?
3,5-DMB-methionine?
3,5-DMB-threonine®
3,5-DMB-leucine?
3,5-DMB-norvaline?
3,5-DMB-norleucine?
m-CIB-methionine?

m-CIB-alanine?

1.37
1.52
2.28
1.19
4.38
2.32
1.95
1.56
0.94
1.47
1.35
1.24
1.54
1.24
0.84
1.00
1.03
1.78
1.59

3.46
3.64
5.12
3.16
7.67
4.91
4.50
4.18
1.89
2.65
2.21
2.12
2.73
2.18
1.71
1.91
1.82
3.06
2.52

2.53
2.39
2.25
2.66
1.75
2.12
231
2.68
2.01
1.80
1.64
1.71
1.77
1.76
2.04
1.91
1.77
1.72
1.58

5.22
5.34
5.15
5.13
4.99
4.56
4.56
3.67
4.18
4.13
3.64
3.84
3.68
3.67
3.14
2.75
2.61
3.96
3.74

18700
21500
19500
22100
21200
16200
18900
7800
24300
23800
29300
31400
24200
25000
20400
14900
17900
21600
31100

14900
14400
15600
13100
19000
9200
7000
2400
21600
21700
27700
29200
18900
18900
12400
10900
13500
17700
28900



m-CIB-leucine® 1.08 1.98 1.83 3.61 23300 21800

m-CIB-threonine® 1.18 2.09 1.77 3.33 15700 12300
p-CIB-leucine® 1.01 1.74 1.72 3.63 23100 16800
p-CIB-methionine® 1.69 2.72 1.61 3.45 25500 23900
p-CIB-alanine® 1.52 2.26 1.49 3.06 31800 28300
B-methionine® 1.65 2.26 1.37 2.23 22000 19300
B-threonine® 1.06 1.48 1.40 2.08 32100 28800
B-leucine® 0.93 1.28 1.38 1.61 22500 17000
FMOC-alanine? 1.15 1.36 1.18 0.78 16200 15900
FMOC-tryptophan® 1.71 2.04 1.19 0.69 11100 6700
FMOC-methionine? 0.96 1.23 1.28 0.96 15000 8500
FMOC-valine® 0.70 0.97 1.39 1.26 19400 4000
FMOC-norvaline® 0.68 0.86 1.26 0.94 21600 16400
FMOC-norleucine? 0.69 0.87 1.26 0.96 22000 17500
FMOC-methionine sulfone® 1.13 1.42 1.25 1.01 25000 9500
FMOC-isoleucine® 0.66 0.99 1.50 / / /

Experimental conditions: (a) ACN/MeOH/HACc/TEA (60/40/0.055/0.005, v/v/v/v); (b) ACN/MeOH/HAC/TEA (60/40/0.11/0.01, v/v/v/v); (¢) ACN/MeOH/HAC/TEA
(60/40/0.22/0.02, v/v/v/v). Other experimental conditions as in Figure 5.
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Supplementary information:

Figures:

Fig. S1. ESI-MS spectrum of the MQD monomer.

Fig. S2. SEM images of the MQD-silica monolithic column at different magnifications.
Fig. S3. Dependence of backpressure on linear velocity for the MQD-silica hybrid
monolithic column. Experimental conditions: column dimensions: 15 cm % 100 ym L.D.;
UV detection wavelength: 214 nm; injection volume: 20 nL; samples: Toluene (ACN
or MeOH as mobile phase) and thiourea (ACN/H>0 (50/50, v/v) as mobile phase).
Fig. S4. Comparison of the different conditions in POM for B-threonine, m-CIB-
threonine, 3,5-DMB-threonine and 3,5-DCIB-methionine. Experimental conditions: (a)
ACN/MeOH/HAC/TEA (60/40/0.055/0.005, v/v/v/v); (b) ACN/MeOH/HAC/TEA
(60/40/0.11/0.01, v/v/v/v); (¢) ACN/MeOH/HAC/TEA (60/40/0.22/0.02, v/v/v/v).
Column dimensions: 15 cm x 100 um 1.D.; UV detection wavelength: 254 nm; flow

rate: 10 pL/min; injection volume: 20 nL.

Tables:

Table S1. Permeability of the MQD-silica hybrid monolithic column. Relative polarity
and viscosity data of pure liquids were obtained from Ref. [23-24].

Table S2. Reproducibility of the MQD-silica hybrid monolith columns. Experimental
conditions: column dimensions: 15 cm % 100 pum I.D.; mobile phase: ACN/10 mM
ammonium acetate (70/30, v/v) (apparent pH=5.3); UV detection wavelength: 254 nm;
injection volume: 20 nL; sample: p-NB-leucine.

Table S3. Effect of mobile phase composition on enantioseparation for 3,5-DMB-
leucine under the reversed phase mode. Experimental conditions: (a) ACN/5 mM
ammonium acetate (80/20, v/v) (at the desired apparent pH values); (b) ACN/5 mM
ammonium acetate (at the desired ratio of ACN and buffer, v/v) (apparent pH=5.3); (c)
ACN/ammonium acetate (at the desired concentration of the buffer) (70/30, v/v)
(apparent pH=5.3). Column dimensions: 15 cm x 100 um LD.; UV detection
wavelength: 254 nm; flow rate: 10 plL/min; injection volume: 20 nL.

Table S4. Effect of mobile phase composition on enantioseparation for 3,5-DCIB-
leucine under the polar organic phase mode. Experimental conditions:
(2)MeOH/ACN/HAC/TEA (at the desired ratio of MeOH and ACN/0.2/0.04, v/v/v/v);

(b) MeOH/ACN/HAC/TEA (40/60/at the desired content of HAc and TEA, v/v/v/v); (c)
1



35  MeOH/ACN/HAC/TEA (40/60/at the desired ratio of HAc and TEA, v/v/v/v). Column
36 dimensions: 15 cm x 100 um L.D.; UV detection wavelength: 254 nm; flow rate: 10

37  uL/min; injection volume: 20 nL.
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Table S1. Permeability of the MQD-silica hybrid monolithic column.

Mobile phase Relative polarity Viscosity 1 (107 Pa-s) Permeability K (X104 m?)
ACN 0.460 0.369 2.95
MeOH 0.762 0.544 2.93
ACN/H:0 (50:50, v/v) / 0.820 2.47

Relative polarity and viscosity data of pure liquids were obtained from Ref. [23,24].



66  Table S2. Reproducibility of the MQD-silica hybrid monolith column.

Average retention factor (RSD)

ki

k>

Average selectivity
a (RSD)

Average resolution

R, (RSD)

Run to run (n=6)
Column to column (n=5)
Batch to batch (n=3)

Day to day (n=3)

1.51 (1.81%)
1.54 (2.53%)
1.52 (4.29%)

1.53 (1.73%)

2.63 (1.24%)
2.64 (3.05%)
2.66 (3.59%)

2.67 (1.69%)

1.74 (1.64%)
1.72 (3.04%)
1.76 (4.04%)

1.75 (1.10%)

2.83 (2.07%)
2.85 (3.90%)
2.84 (2.88%)

2.85 (1.07%)

67  Experimental conditions: column dimensions: 15 cm x 100 um [.D.; mobile phase: ACN/10 mM ammonium acetate (70/30, v/v) (apparent pH=5.3); UV detection
68  wavelength: 254 nm; injection volume: 20 nL; sample: p-NB-leucine.
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Table S3. Effect of mobile phase composition on enantioseparation for 3,5-DMB-leucine under the reversed phase mode

Sample k] kz a RS N1 (m) Nz (m)
Effect of the apparent pH?
pH=4.3 3,5-DMB-leucine 0.29 0.54 1.86 1.51 14700 12200
pH=4.8 3,5-DMB-leucine 0.59 1.15 1.95 2.12 13000 9870
pH=5.3 3,5-DMB-leucine 1.19 2.32 1.95 2.71 12050 8570
pH=5.8 3,5-DMB-leucine 1.79 3.40 1.90 2.77 9300 8200
pH=6.3 3,5-DMB-leucine 1.88 3.31 1.76 2.66 9050 8700
Effect of ACN content®
60% 3,5-DMB-leucine 3.76 7.30 1.94 3.98 12400 10800
70% 3,5-DMB-leucine 2.36 4.59 1.94 3.40 12000 9000
80% 3,5-DMB-leucine 1.19 2.32 1.95 2.71 12050 8570
90% 3,5-DMB-leucine 0.70 1.32 1.89 2.58 14000 12700
Effect of the buffer concentration®
1 mM 3,5-DMB-leucine 5.14 9.97 1.94 4.02 12000 9900
2.5mM 3,5-DMB-leucine 3.05 5.95 1.95 3.92 12300 11300
5.0 mM 3,5-DMB-leucine 2.36 4.59 1.94 3.40 12000 9000
10.0 mM 3,5-DMB-leucine 1.37 2.62 1.91 3.11 13500 10900
15.0 mM 3,5-DMB-leucine 0.97 1.98 2.04 2.87 12400 10200
30.0 mM 3,5-DMB-leucine 0.63 1.25 1.98 2.39 13900 11400

Experimental conditions: (a) ACN/5S mM ammonium acetate (80/20, v/v) (at the desired apparent pH values); (b) ACN/S mM ammonium acetate (at the desired ratio
of ACN and buffer, v/v) (apparent pH=5.3); (c) ACN/ammonium acetate (at the desired concentration of the buffer) (70/30, v/v) (apparent pH=5.3). Column
dimensions: 15 cm x 100 pm L.D.; UV detection wavelength: 254 nm; flow rate: 10 pl/min; injection volume: 20 nL.



93 Table S4. Effect of mobile phase composition on enantioseparation for 3,5-DCIB-leucine under the polar organic phase mode.

Sample ki k> 2 Ry N (m) N2 (m)
Effect of the volume ratio of MeOH/ACN?
60:40 (v/v) 3,5-DCIB-leucine 0.45 1.33 2.96 4.09 26500 13600
50:50 (v/v) 3,5-DCIB-leucine 0.49 1.46 2.98 4.30 25800 14000
40:60 (v/v) 3,5-DCIB-leucine 0.50 1.47 2.94 4.29 24100 14200
30:70 (v/v) 3,5-DCIB-leucine 0.58 1.56 2.69 391 25400 11500
20:80 (v/v) 3,5-DCIB-leucine 0.72 1.71 2.38 3.85 30100 12700
Effect of the HAc+TEA total content (v/v)®
0.015 % )
3,5-DCIB-leucine 1.36 3.23 2.38 4.38 8200 18400
(0.0125% HAc +0.0025% TEA)
0.03% )
3,5-DCIB-leucine 1.02 2.57 2.52 4.42 13900 14100
(0.025% HAc + 0.005% TEA)
0.06% )
3,5-DCIB-leucine 0.87 2.26 2.60 451 20000 13200
(0.05% HAc +0.01% TEA)
0.12% )
3,5-DCIB-leucine 0.67 1.79 2.67 4.37 23000 13800
(0.1% HAc + 0.02% TEA)
0.24% )
3,5-DCIB-leucine 0.50 1.47 2.94 4.29 24100 14200
(0.2% HAc + 0.04% TEA)
0.48% )
3,5-DCIB-leucine 0.36 1.03 2.86 3.92 34100 17100
(0.4% HAc + 0.08% TEA)
Effect of the ratio of HAc/TEA®
3:1 (v/v) 3,5-DCIB-leucine 0.67 1.69 2.52 4.24 18600 17800
5:1 (v/v) 3,5-DCIB-leucine 0.87 2.26 2.60 4.51 20000 13200
11:1 (v/v) 3,5-DCIB-leucine 1.19 3.16 2.66 5.13 22100 13100

10
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97
98

29:1 (v/v) 3,5-DCIB-leucine 1.43 3.86 2.70 5.12 22900 1100094
Experimental conditions: (a)MeOH/ACN/HACc/TEA (at the desired ratio of MeOH and ACN/0.2/0.04, v/v/v/v); (b) MeOH/ACN/HACc/TEA (40/60/at the desired

content of HAc and TEA, v/v/v/v); (¢) MeOH/ACN/HACc/TEA (40/60/at the desired ratio of HAc and TEA, v/v/v/v). Column dimensions: 15 cm x 100 pm L.D.; UV

detection wavelength: 254 nm; flow rate: 10 plL/min; injection volume: 20 nL.

11



	Abstract: An O-[2-(methacryloyloxy)-ethylcarbamoyl]-10,11-dihydroquinidine (MQD)-silica hybrid monolithic column was prepared by a facile “one-step” strategy within a 100 μm I.D. capillary. The influence of the methanol, ethylene glycol and water volu...
	Keywords: Quinidine, Enantioseparation, Hybrid monolith, Nano-Liquid Chromatography
	1. Introduction
	Chiral analysis is a relevant topic in separation sciences due to its profound impact in different fields such as pharmaceutical, agrochemical and food industry. Nowadays, many possibilities are available to carry out a successful chiral separation, i...
	Over the years, organic-inorganic hybrid monolithic columns have been developed because of their excellent permeability, higher pH stability, high surface, and superior performance [17-19]. Compared with the polymer-based and silica-based monoliths, t...
	In this work, an O-[2-(methacryloyloxy)-ethylcarbamoyl]-10,11-dihydroquinidine (MQD)-silica hybrid monolithic column was prepared within a 100 μm I.D. capillary through a facile “one-step” strategy. In order to obtain a satisfactory permeability, the ...
	2. Materials and methods
	2.1. Reagents and solvents
	10,11-dihydroquinidine, 2,2’-azobisisobutyronitrile (AIBN), 3-(trimethoxysilyl)-propylmethacrylate (γ-MAPS), 2-isocyanatoethyl methacrylate (ICNEML), VTMS, CTAB, TMOS and EG were acquired from Aladdin Chemicals (Shanghai, China). MeOH, tetrahydrofuran...
	Fused-silica capillaries (375 μm O.D. × 100 μm I.D.) were obtained from Ruifeng Chromatography Ltd. (Hebei, China). Distilled water was purified using a Milli-Q water system from Millipore (Massachusetts, USA). Reversed phase mobile phases were prepar...
	2.2. Instrumentation
	The molecular mass of the MQD monomer was determined on an AB Sciex QTrap 4500 mass spectrometer (California, USA). A Jinghong DKS22 water bath (Shanghai, China) was used for thermally initiated copolymerization. Scanning electron microscopy (SEM) exp...
	2.3. Preparation of the MQD-silica hybrid monolithic column

	At the beginning, the fused-silica capillary inner wall was modified using γ-MAPS/MeOH (50/50, v/v), in order to provide the anchoring sites for the bulk polymer [3], and the chiral functional monomer MQD was synthesized according to a previously repo...
	The schematic representation of the preparation of the MQD-silica hybrid monolithic column is illustrated in Fig. 1. The pre-polymerizable mixture for preparing the MQD-silica hybrid monolithic column was obtained by mixing the MQD (6.0 mg), MeOH (100...

	3. Results and discussion
	3.1. Preparation and characterization of the MQD-silica hybrid monolithic column
	3.1.1. Preparation of the MQD-silica hybrid monolithic column
	Previous research has proved that the physicochemical and chromatographic properties of the hybrid monolithic column can be controlled by changing the pre-polymerizable mixture [18]. In order to obtain a hybrid monolithic column with a good permeabili...
	First, the combination of different solvents (H2O, MeOH, ethanol, DMF, DMSO, THF, benzyl alcohol, EG, ethyl acetate, 1,4-butanediol and 1-propanol) was tested. Among the different solvents evaluated, a ternary system containing H2O, MeOH and EG was se...
	The CTAB content has proved to have a strong impact on the hybrid column morphology [18]. Different weight fractions of CTAB were assayed: 1.2 mg (column C6), 1.6 mg (column C2) and 2.0 mg (column C7). The column C6 showed a semitransparent morphology...
	In order to get a homogeneous solution which can be introduced into the capillary, the reaction of hydrolysis and polycondensation necessary to prepare the hybrid monolithic column was adjusted based on the ratio of TMOS/VTMS and the content of MQD. D...
	Another aspect to take into account is the reaction temperature and time as they affect the morphology and permeability of the monolithic column. Three different conditions were tested: 40 ℃ during 12 h followed by 60 ℃ during 12 h (column C2), 40 ℃ f...
	Based on these optimization experiments, the pre-polymerizable mixture consisting on MeOH (100 μL), EG (30 μL), H2O (30 μL), NH3 H2O (0.02 M, 30 μL), TMOS (60 μL), VTMS (80 μL), CTAB (1.6 mg), MQD (6.0 mg) and AIBN (1.0 mg) was chosen, conducting the ...
	3.1.2. Physicochemical evaluation of the MQD-silica hybrid monolithic column
	The permeability (K) of the monolithic column can be calculated using the following equation [23,24]:
	𝐾=,𝑢ηL-ΔP.
	being u the linear velocity of the mobile phase, L the length of the column, ΔP the pressure drop across the column, and η the dynamic viscosity of the eluent. Toluene (ACN or MeOH as mobile phase) and thiourea (ACN/H2O (50/50, v/v) as mobile phase) w...
	3.1.3. Reproducibility of the MQD-silica hybrid monolithic column
	The reproducibility of the MQD-silica hybrid monolithic column was evaluated through the RSD values for retention factors (k1, k2), α and Rs of the N-derivatized racemic p-NB-leucine using a mixture of ACN/10 mM ammonium acetate (70/30, v/v) (apparent...
	3.2. Effects of the mobile phase composition
	3.2.1. Reversed phase mode
	As reported in previous studies [4], two N-derivatized amino acids (p-NB-leucine (see Figure 2), 3,5-DMB-leucine (see Table S3)) were selected as test analytes, and the k, α and Rs were used to evaluate the MQD-silica hybrid monolithic column, in the ...
	The effect of the apparent pH of the mobile phase was evaluated from 4.3 to 6.3, while the mobile phase composition was kept constant (ACN/5 mM ammonium acetate (80/20, v/v)). As shown in Figure 2a and b, the k1 increased with increasing the apparent ...
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