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It has been known that monolithic porous silica possesses the morphology of a continuous
skeleton, micro-scaled through-pore and nano-scaled meso-pore on the skeleton. It is its
unique morphology that shows great promise for applications in the fields of analytical chem-
istry. This paper describes advances in successful applications of monolithic silica to analytical
chemistry, achieved in authors’ groups. The authors focused their work on three main subjects
regarding monolithic silica: (i) a chemically modified monolithic silica column for chiral sepa-
ration in capillary electrochromatography and micro-liquid chromatography, (ii) a monolithic
enzyme reactor integrated with a biosensor for continuous monitoring (bimolecules), and (iii)
an electroosmotic micropump for micro flow analysis and electrospraying.

Keywords : chiral separation; monolithic column; capillary electrochromatography; micro-liq-
uid chromatography; biosensor; enzyme reactor; micropump; flow injection
analysis ; electrospray.
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Fig. 1 Schematic micro sensor

A) Glass cover with 400 pm in width X 400 um in
depth channels at both sides; B) PTT tape spacer (50
pum thickness) with 1 mm X 17 mm channel at the cen-
ter; C) Sensor substrate (25 mm X 15 mm) with 3 car-
bon film electrodes; D) integrated micro-chip sensor
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Fig. 2 Images of monolithic electroosmotic microp-
ump and SEM of monolith with a magnification of
5000
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Fig. 3 Simultaneous separation of 16 positional enantiomers of tryptophan derivatives by lig-
and exchange-micellar electrokinetic chromatography

Electrolyte: 25 mM Cu(Il), 50 mM vr-hydroxyproline and 10 mM SDS at pH 5.2; Applied
voltage: 10 kV; Fused silica capillary: 40 cm effective length, 55 cm total length, 50 pm i.d. and

375 um o.d.; UV detection: 208 nm (From Ref. 33)
| OH
—’Si\/\/K}\/L-N’CU(”)

AA: amino acylamide or amino acid

LE-CSP1: AA=L-phenylalaninamide

A B LE-CSP2: AA=t-alaninamide

LE-CSP3: AA=cL-prolinamide

Fig. 4 SEM photographs of sol-gel monolithic LE-CSP4: AA =i-lysinamide
column: 20kV, WD 39, and magnification (A) LE-CSP5: AA=-hydroxyproline

1200 %X, (B) 5000 X (From Ref. 25)
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0 8 16
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Migration time / min
Fig. 6 Electrochromatographic separation of a mix-
ture containing six enantiomers of dansyl amino acids

Peak identification—1: Dns-D-Thr, 2: Dns-D-Ser, 3:
Dns-L-Thr, 4: Dns-b-Leu, 5: Dns-L-Leu, 6: Dns-L-Ser;
Column: 1-PheA-modified monolithic column (TL 35
cm, EL 26.5 cm; i.d. 100 pm, o.d. 375 um); Mobile
phase: pH 5.5 acetonitrile/0.50 mM Cu(Ac). - 50 mM
NHiAc (7 : 3); Applied electric field strength: —300
V/cm; UV detection 254 nm; electrokinetic injection
3~5s (From Ref. 21)
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Fig. 7 Representative chromatograms for resolving
Dns-DL-AAs on monolithic 1-PheA CSP by LC
Monolithic CSP: 32 cm; Mobile phase: pH 7.6, ace-
tonitrile/0.1 M NHsAc — 0.25 mM Cu(Ac): (7:3);
Flow rate: 20 ul/min; Injection volume 0.2 ul (From
Ref.23)
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Fig. 8 Electrochromatographic separation of posi-
tional isomers of o-, m-, and p-cresols (A) and benzoin
racemate (B) on monolithic §-CD CSP (45 cm EL, 57
em TL)

Mobile phase: 50 mM phosphate buffer (pH
7.5)/methanol (80/20); Applied voltage: 12 kV;
Current: 80 pA (From Ref. 25)
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Fig. 9 Schematic experimental system integrated with a monolithic enzyme reac-
tor and micro-sensor for monitoring catecholamines (From Ref.41)
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Monolithic reactor without enzyme

Monolithic reactor with enzyme
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Monolithic reactor with enzyme
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Time/rvin Time/mn

Fig. 10 Chronoamperometric response of oxidation of 100 uM AA and 25 UM DA on a micro-sensor integrated with a
monolithic micro-reactor immobilized without enzyme (A) with enzyme (B, C)

Flow rate: 5 ul/min (From Ref. 41)
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Current/nA
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=)

Fig. 11 Response current of 100 UM uric acid (UA)
when monolithic reactor modified with cross-linked
uricase and catalase (From Ref. 44)
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Fig. 12 Pressure vs. flow rate curves of EOP at differ-
ent applied voltages of 3 kV, 5 kV and 6 kV

Running fluid: 1.5 mM EDTA —0.26 mM Tris buffer;
pH 6.0; Conductance: 5.0 X 10 *S/cm (From Ref.
46)

Electrokinetic Pump

Fig. 13 p-FIA system consists of a monolithic EOP, an
injector and a microchip sensor with three carbon film
electrodes (From Ref. 46)
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Fig. 14 Relationship between applied voltage and
the flow rate for different fluids (From. Ref. 46)

Microscopy
Camera

Fig. 15 Schematic microdevice of electrospray and images of stable Taylor cone and nanojet generated

Microscope with a high-speed digital camera is set at the tip of capillary for recording the imaging of electrospray.
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