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Development of the hybrid separation system containing nano-bubbles as key
components
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A new chromatographic method termed surface-bubble-modulated liquid
chromatography, that has a hybrid separation medium incorporated with surface nanobubbles, was developed.
Nanobubbles can be fixed at the interface between water and a hydrophobic material by delivering water
into a dry column packed with a nanoporous material. The incorporation of a gas phase leads to the
formation of the hybrid separation system consisting of the gas phase, hydrophobic moieties, and the
water/hydrophobic interface or the interfacial water. One can change the volume of the gas phase by
pressure applied to the column, which in turn alters the area of water/hydrophobic interface, while the
amount of the hydrophobic moiety remains constant. Therefore this strategy provides a novel technique not
only for manipulating the separation selectivity by pressure but also for elucidating the mechanism of
accumulation or retention of solute compounds in aqueous solutions by a hydrophobic material.
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Tablel. V, , valuesobtained for Cis bonded
silica columns.?

column Temp./°C ~ Vpo/mL
L-column2 ODS 25 1.013
40 1.009
60 1.024
Capcell Pak C18 UG120 60 0.985
Capcell Pak C18 UG80 60 1.015

acolumn size: 150 x 4.6 mm
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Fig. 1. Schematic illustration of the hybrid
separation medium in SBMLC column with
porous alkyl bonded silica.
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Table 2. Bulk water volume, interfacial liquid water volume, gas
phase volume, and Cis bonded layer volume (mL) determined for
an L-column2 ODS column filled with liquid water (RPLC) and
the column containing fixed bubbles (SBMLC) at 25 °C.

column Vew Viw(cis) Ve Veis
RPLC 1.40+£0.02 0.29+0.02 0
SBMLC 0.994 + 0.0016 + 0.698 + 0.368
0.001 0.0007 0.001
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Table 3. Dg, Dcis, and Dywcis) values of organic
compounds obtained for an L-column2 ODS
column at 25 °C.

“)

compound Da Dcis Diw(c1s)
methanol 0.000018 0.076 + 0.006 2.8+0.2
ethanol 0.000022 0.16£0.01 7.9+0.5
1-propanol 0.000031 0.46 +0.05 29+2
1-butanol 0.000031 1.6+£0.2 122+8
benzyl alcohol  0.0000045 1.8+0.5 307 +£22
acetonitrile 0.00083 0.92+0.01 63+0.4
propionitrile  0.0015 2.37+0.04 24+2
acetone 0.0016 1.04 £0.03 21 +1
2-butanone 0.0023 3.1+0.1 79+5
nitromethane  0.00090 1.23£0.01 62+0.4
nitroethane 0.0019 3.63+0.04 24+2
I-nitropropane  0.0034 9.9+0.1 95+6
diethyl ether 0.037 17.1+£0.3 193 +13
dichloromethane 0.093 28.27+0.07 31+£2
chloroform 0.18 933+0.2 112+8
bromoethane  0.31 80.7+0.2 75+5
methyl acetate  0.0037 2.94+0.07 42+3
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Fig. 2. Values of log Dcig plotted against log
POW.
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Fig. 3. Dependence of the liquid water volume

and the gas phase volume in an SBMLC column
on pressure. Column: L-column2 ODS,
Temperature: 40 °C.
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Fig. 4. Variation of the chromatograms of
organic compounds obtained by SBMLC with
pressure. Column: Capcell Pak C18 UGI120,
Column temp: 60 °C, Mobile phase: pure water,
Flow rate: 0.6 mL min”', Detector: deferential
refractive index detector, Compound; A:
1,4-dioxane, B: dichloromethane, C:
I-nitropropane, D: 1-butanol, E: bromoethane, F:

benzyl alcohol, G: diethylether, H: chloroform, HPLC
. 64 2015 9
I: isopropyl acetate. 10
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