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Abstract: New hydrophilic monolithic columns were prepared with { 3+ methacryloylamino)

propyl dimethyl(3-sulfopropyl) ammonium hydroxide inner salt ( SPP)} as monomer pentae—
rythritol triacrylate ( PETA) as crosslinking agent azobisisobutyronitrile ( AIBN) as initiator
with two different porogens consisting of ethanol/ethylene glycol and methanol/1 4-butanediol
separately. In order to obtain monolithic columns with satisfactory efficiency electroosmotic
flow ( EOF) velocity and permeability the contents of the polymerization mixture were investi—
gated and optimized. The performances of the two columns were compared in the permeability
and separation performance. It was found that the monolithic column prepared with ethanol/
ethylene glycol had a better column efficiency and selectivity than that with methanol/1 4-
butanediol but was inferior to the latter in permeability. The effect of salt concentration ( from
10 to 70 mmol/L ammonium formate) on the retention of nucleosides was investigated. It was
observed that the retention factors of these nucleosides increased at first and then decreased.
The columns were used in capillary liquid chromatography ( ¢cLC) and pressurized capillary
electrochromatography ( pCEC) for the separation of a test mixture of amines phenols and
nucleosides separately and satisfactory separations for these samples were achieved. The col-

umn used in pCEC system showed better separation and higher speed of the mixture consisted
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of phenols and nucleosides compared to those used in ¢LC system.
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1 / N poly( SPP-co-PETA)
Table 1 Performance of poly( SPP-co-PETA) monolithic columns prepared by polymerization mixtures
with different ratio of monomers with ethanol/ethylene glycol as porogen

Column Monomer! /% Ethanol? / AIBN?) / Kyeon/ Efficiency? / EOF/
PETA AMPS % % 10 P m? ( plate/m) (mm/s)

A 40 0.5 70 0.1 21.62 4800 0.033

B 50 0.5 70 0.1 3.76 120000 0.035

C 60 0.5 70 0.1 1.54 23000 0.037

D 50 0 70 0.1 6.43 65000 0.010

E 50 1 70 0.1 1.17 41000 0.124

F 50 0.5 70 0.05 5.11 29000 0.037

G 50 0.5 70 0.15 2.78 57400 0.037

1) m(monomers) : m( porogen) =1:4. 2) Content of ethanol in porogen. 3) Content of AIBN in the monomers. 4) Column effi-

ciency determined with thiourea in the ¢cLC mode.

2.2.2 /1 4- poly
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120000  /m. SEM  cLC mmol/L ; 254 nm. H.I.J.
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Fig. 2 Effect of the content of ethanol in porogen 35% ( R) 60% ( U)
on the efficiency of monolithic columns
Other preparation conditions: m ( monomers) : m ( porogen)
=1:4; m (SPP) : m (PETA) =1:1;, m ( AMPS) =0.5% °
m( monomers) ; m( AIBN) =0.1% total mass of all reagents. 359, o
cLC conditions: monolithic poly ( SPP-coPETA) 250 mm 1 4

(total length 500 mm) x 100 pm i. d.; mobile phase ACN/
H,0(80/20 v/v) containing 5 mmol/L ammonium formate; po]y( SPP—CO—PETA) W

detection wavelength 254 nm; sample thiourea.
°



- 491 -

2

Table 2 Performance of poly( SPP-coPETA) monolithic columns prepared by polymerization with
different ratios of reagents with methanol/1 4-butylene glycol as porogen

poly( SPP-¢oPETA)

Column  m( Monomer) : m( Porogen) PETA" /% MeOH? /% AIBNY /% Kyeon® /(107 m?) Efficiency” /( plate /m)

H 1:3 50 50 0.1 -

I 1:4 50 50 0.1 -

J 1:5 50 50 0.1 0.98 20000
K 1:6 50 50 0.1 2.12 17000
L 1:7 50 50 0.1 5.38 20800
M 1:7 25 50 0.1 16.77 10000
N 1:7 33. 50 0.1 14.98 17000
0 1:7 40 50 0.1 13.86 28000
P 1:7 66. 50 0.1 0.61 4000
Q 1:7 40 30 0.1 -

R 1:7 40 35 0.1 7.71 58000
S 1:7 40 40 0.1 10.98 42000
T 1:7 40 45 0.1 12.33 31000
U 1:7 40 60 0.1 27.16 1000
v 1:7 40 35 0.5 5.78 60000
W 1:7 40 35 0.8 4.31 98000
X 1:7 40 35 1.0 -

1) Content of PETA in the monomers. 2) Content of methanol in the porogen. 3) Content of AIBN in the monomers. 4

« ”

stands for it was impossible to pump solvent through the monolith so the permeability data were not available. 5) Column efficiency

determined with thiourea in the ¢L.C mode.

2.3

/1 4-

Fig. 3 Scanning electron microphotographs of monolithic columns prepared with two different porogens

poly ( SPP-co-PETA)

a and b for column B; ¢ and d for column W.



« 492 -

B /1 4- \\%
SEM

cLC
_Fi -V, "

2
mr’L

B \ o &r

ex

10 W B

3 B W
Table 3 Comparison of K and £, values

for columns B and W

Column Koy /(107 % m?) ey
B 5.86 0.48
W 60.9 0.87
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Fig. 4 van Deemter’ s Equations of columns B and W
cLC conditions: monolithic poly ( SPP-coPETA) 250 mm
(total length 500 mm) x 100 wm i.d.; mobile phase ACN/
H,0 (80/20 v/v) containing 5 mmol/L ammonium formate;

detection wavelength 254 nm; sample toluene.

W

12
Column W

Absorbance / mV

2

1
Column B

. MR N S
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Retention time / min

B W
Fig. 5 Separation of toluene acrylamide and
thiourea on columns B and W

cLC conditions: monolithic poly ( SPP-coPETA) 250 mm
(total length 500 mm) x 100 pm i.d.; mobile phase ACN/
H,0 (95/5 v/v) containing 5 mmol/L ammonium formate;
linear velocities column B 0.36 mm/s column W 0.82 mm/s;
backpressures column B 11.0 MPa column W 3.8 MPa; de-
tection wavelength 254 nm.

Peaks: 1. toluene; 2. acrylamide; 3. thiourea.
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Fig. 6 Separation of amides on column B and column W

cLC conditions: monolithic poly ( SPP-coPETA)
(total length 500 mm) x 100 pm i.d.; mobile phase

250 mm
ACN/

H,0 (95/5 v/v) containing 5 mmol/L ammonium formate pH

3: linear velocities

mm/s; detection wavelength

column B 0.40 mm/s
214 nm.

column W 0.91

Peaks: 0. toluene; 1. DMF; 2. N N’-dimethylenebisacryl-
amide; 3. acrylamide; 4. formamide.
TA)
cL.C  pCEC o
2.4.1
ACN/H,0 (93/7 v/v; 50 mmol/L
) pCEC
7
21
2.0
0

Absorbance / mV

pCEC conditions: monolithic poly( SPP-coPETA)
(total length 500 mm) X 100 pm i.d.; mobile phase

7
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B

Fig. 7 Chromatogram of phenols on column B

H,0 (93/7

linear velocity 0.88 mm/s; applied voltage:

pressure

v/v)

250 mm
ACN/
containing 50 mmol/LL ammonium formate;

- 10 kV; back-

13.0 MPa; detection wavelength 214 nm.

Peaks: 0. toluene; 1. phenol; 2. catechol; 3. resorcinol; 4.

pyrogallol; 5. thiourea; 6. phloroglucinol.

8 B
Fig. 8 Chromatogram of nucleosides on column B
pCEC conditions: monolithic poly( SPP-co-PETA) 250 mm
(total length 500 mm) x 100 pm i.d.; mobile phase ACN/
H,0 (90/10 v/v) containing 10 mmol/L ammonium formate
pH 6.4; linear velocity 0.42 mm/s; backpressure 13.0 MPa;
applied voltage: —10 kV; detection wavelength 254 nm.
Peaks: 0.

adenosine; 5. hypoxanthine; 6. uridine; 7. inosine.

toluene; 1. thymine; 2. uracil; 3. adenine; 4.

10 mmol/L 70 mmol/L
poly( SPP-<oPETA)
3.0
[ —=— Thymine —— Hypoxathine
[ —O— Uracil —<4— Uridine
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—V— Adenosine
§ 2.0 x
s [
&
=
L
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9 poly( SPP-co-PETA)

Fig. 9 Effect of salt concentration in mobile phase
on retention factor of nucleosides on mono—
lithic poly( SPP-coPETA)
pCEC conditions: column B 250 mm ( total length 500 mm)
x 100 pm i.d.; mobile phase ACN/H,0 (90/10 v/v) contai-

ning ammonium formate pH 6.4; linear velocity 0.42 mm/s;

13.0 MPa.

backpressure
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Fig. 10 Chromatograms of a mixture of phenols
and nucleosides on column W in cLC
and pCEC modes
Conditions: monolithic poly( SPP-coPETA) 250 mm ( total
length 500 mm) x 100 wm i.d.; mobile phase ACN/H,0 (93/
7 v/v) containing 5 mmol/L ammonium formate; linear veloc—
ities 0.82 mm/s for ¢cLC 1.02 mm/s for pCEC; detection
wavelength 214 nm; applied voltage —15 kV for pCEC.
Peaks: 0. amitriptyline hydrochloride; 1. toluene; 2. phe-
nol; 3. nitrodiphenol; 4. catechol; 5. thymine; 6. resorcinol;

7. hydroquinone; 8. uridine; 9. thiourea.
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