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Abstract

Polystyrene—divinylbenzene copolymer functionalized with copper—-iminodiacetate complex was prepared in situ for the capillary elec-
trochromatographic separation of amino acids and oligopeptides. The steps included silanization of the fused-silica capillary column, func-
tionalization, polymerization, hydrolysis and complexation. For having a homogeneous polymerization system in the selected porogen, the
functional monomer was obtained from the reaction of 4-vinylbenzyl chloride and diethyl iminodiacetate. Scanning electron microscopy
showed that the polymeric monolith column was an open tubular column with a thicknesspohOMarious modes of hydrolysis were
investigated via the electroosmatic flow measurement to find the optimization condition prior to introducing the copper ion. The influence of
pH, composition and concentration of mobile phase as well as the organic modifier were investigated. Judging from our results, the recog-
nition performance of the prepared stationary phase might be integrated from the mechanisms of ligand exchange, electrophoretic mobility,
hydrophobic interaction, and hydrogen bonding.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction The present work concerns only polymeric monoliths.
Fréchet and co-workerf2-5] developed a novel method

Capillary electrochromatography (CEC), a separation for the preparation of “molded” monolithic continuous rods
mode integrating both features of high-performance liquid of rigid, macroporous polymer column. This new type of
chromatography (HPLC) and capillary electrophoresis (CE) chromatographic medium was prepared by an “in situ”
has been received great interest during the last decadespolymerization within the confines of a chromatographic
In CEC the column plays a key role, because it serves column or a capillary column, which affords the final
not only as the separation bed but also as the pumpingproduct-desired geometry and requires no tedious packing
device of the mobile phase. Therefore further develop- operation. Some other related reports on acrylamide-based
ment of CEC needs a significant advancement in column [6—10], methacrylate ester-basgd ] and polystyrene-based
technology[1]. In recent years, the development of both monoliths[12,13] as the stationary phases of CEC for the
silica- and polymer-based monolithic columns has become separation of amino acids, peptides and proteins are shown
a fascinating research field in the chromatographic sci- as the indicated literatures.
ences. The reason could be that monolithic columns could The ligand exchange mode has been widely used in
eliminate the tasks of particle synthesis, the difficulty of separation science, some selected topics include liquid
packing columns and the need to make end frits to retain chromatography{14-16] gas chromatography with met-
the stationary phase. allomesogens as stationary pha$#g—20] CE [21-23]

CEC [1,10,24-26] and micellar electrokinetic chro-

B . matography[27,28] Recently, Chen et al[1,25] used
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and exchange CEC enantioseparation of dansyl amino(Wako, Japan), acetone, acetorerd1% (v/v) tetramethyl-
acids. silane (TMS), magnesium sulfate, sodium dihydrogenphos-
In the last two decades, a series of chelating resins phate, diethyl iminodiacetate (DEIDA), hydrochloric acid,
have been synthesized in our laboratory. The concept of 1-propanol, toluene (Acros, Geel, Belgium), 4-vinylbenzyl
chelating resin and polymeric monolith preparation as the chloride (VBC) (Aldrich, Milwaukee, WI, USA), pyri-
stationary phases of CEC will be a fascinating research dine (Lancaster, Lancashire, UK), magnesium sulfate,
field in analytical chemistry. The iminodiacetate group is 3-trimethoxysilylpropyl methacrylatey{MPS), sodium car-
a polydentate chelate group which shows high affinity to- bonate, sodium tetraborate (TCI, Tokyo, Japan) and mesityl
wards metal ions. Although Luo et gR29] reported the oxide (Perak, Berlin, Germany) were purchased from the
preparation of metal-immobilized iminodiacetic acid-bound indicated sources.
molded monolithic rods of macroporous poly(glycidyl Stock solutions of the amino acids (10 mM) and oligopep-
methacrylate—co-ethylene dimethacrylate) column, it was tides (2.5 mg/mL) were prepared in pure water and diluted
for the HPLC separation of proteins. In the present work, appropriately prior to use. All solvents and solutions for
a monolithic polystyrene—divinylbenzene copolymer func- CEC analysis were filtered through a O® PTFE (Mil-
tionalized with iminodiacetate copper complex has been lipore) or cellulose acetate membrane (Whatman).
prepared and evaluated for the separation of chelate-forming
analytes, such as underivatized amino acids and oligopep-2.3. Silanization of the capillary column
tides which are important in clinical medicine.
Fused silica capillaries (4om i.d.) were first flushed with
1M NaOH (30 min), then pure water (15min), 1M HCI

2. Experimental (30min) and pure water (15min). Before silanization, the
capillaries were rinsed with methanol (5 min) and then dried
2.1. Apparatus in a gas chromatography oven at *®@for 1 h under a

nitrogen flow of 2.5kgcm?2. The capillaries were purged

All experiments were carried out in a laboratory-built unit. with nitrogen for 20 min, then dried at 12C overnight.
It consists of at30 kV high voltage power supply (Gamma For in situ polymerization, the capillary wall was first func-
High Voltage Research Inc., Ormond Beach, FL, USA) and tionalized by filling with 3-trimethoxysilylpropyl methacry-
a UV-Vis detector (Spectra System UV3000, Thermo Sep- late (10%, v/v) and 1,1-diphenyl-2-picrylhydrazyl (DPPH,
aration Products, CA, USA). Electrochromatograms were 0.01%, w/v) in toluene, then plugged with GC septa and re-
recorded and processed with a TSP ChromQuest (Thermoacted at 120C for 24 h. The silylated capillary was rinsed
Separation Products, CA, USA) and PC SISC-Lab (32) data with toluene to remove unreacted material.
acquisition system (Scientific Information Service, Taiwan).
Fused silica capillaries (Polymicro Technologies, Phoenix, 2.4. In situ polymerization and functionalization
AZ, USA) were of 75um i.d. and the total length of the
capillary was 75cm, with a distance of 50 cm between the  4-Vinylbenzyl chloride (0.1 mL), diethyl iminodiacetate

injection end and the detection window. (0.3mL) and pyridine (0.1 mL) were added to the sam-
ple vial (5mL) and reacted under 6G. Then divinylben-
2.2. Reagents and chemicals zene (0.1 mL), toluene (0.7 mLj-propanol (0.7 mL) and

a,a-azobisbutyronitrile (2 mg) were added to the reaction

Most chemicals were analytical reagent grade from Merck mixture. After the mixture was completely dissolved, it was
(Darmstadt, Germany). Purified water (18\m) from a introduced into the silylated capillary column. The filling
Milli-Q water purification system (Millipore, Bedford, MA,  step was allowed to continue for 10 min. The capillaries were
USA) was used to prepare all solutions. The amino acids in- then again plugged with GC septa and the polymerization
cluding phenylalanine [l§; 1.83, K2 9.12, isoelectric point  was initiated thermally by placing the capillary under GC
(pl) 5.48], tryptophan (K1 2.38, K2 9.39, g 5.89), and ty- oven at 70C for 24 h. The resulting column was washed
rosine (K1 2.20, i<2 9.11, g 5.66), as well as the oligopep-  successively with methanol and water for 30 min, and then
tides including angiotensin | (Asp—Arg-Val-Tyr—lle— dried under nitrogen flow.
His—Pro—Phe—His-Leu, [7.80), angiotensin Il (Asp—Arg—
Val-Tyr—lle—His—Pro—Phe, |p7.80) and [Sdr, Thr¥]-angio- 2.5. Hydrolysis
tensin Il [Sar—Arg-Val-Tyr—lle—His—Pro—Thr, | p10.14;
Sar:sarcosine N-methylglycine)], 2,2-diphenyl-1-picryl- Both dynamic and static modes were carried out for the
hydrazyl (DPPH) were obtained from Sigma (St. Louis, hydrolysis of the functionalized diethyl iminodiacetate. For
MO, USA). Benzyl alcohol, divinylbenzene (DVB), dynamic hydrolysis, different concentration of NaOH so-
potassium bromide, sodium hydroxide, sodium phos- lutions (1-10 mM) and the flushing time (30—60 min) were
phate, monobasic and sodium phosphate, dibasic (Merck),tested. Between runs, the column was flushed with pure wa-
a,a-azobisisobutyronitrile  (AIBN) and phosphoric acid ter for 30 min. For static hydrolysis, NaOH agueous solution;
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a mixture of NaOH (aq) and ethanol as well as NaOH (s) from the reactantTable 1shows the comparison of chem-

in ethanol were introduced into the functionalized column. ical shift before and after the reaction. It reveals thébr

The column was plugged with septa and reacted under ul-VBC at 4.68 ppm (H, s) is not as sensitive as that of DEIDA
trasonication. Different reagent concentration and different at 3.39 ppm (H, s) when the reaction was undergoing. The
reaction period have been tested for the hydrolysis. Subse-integral ratio of chemical shift for (ato (a) + (a) would
quently, the column was washed with pure water for at least increase when the reaction was proceeded; eventually, the

30 min. ratio was approaching to 1, while that for)(@o (b') was
1.2 and remain unchanged throughout the reaction.
2.6. Complexation In the polymerization reaction, the ratio of VBC:DVB:

IDEA:pyridine:porogen is 5%:5%:15%:5%:70%, with the
Thereafter, the stationary phase was loaded with copperamount of AIBN being 0.1% (w/v).
by perfusing the column with copper sulfate (0.1 M) for
10 min under a nitrogen flow of 2.5kg crh and reacted at ~ 3.2. Morphology of the monolithic column
50°C for 1 h.
SEM photographs indicated the morphology of the inner
2.7. Electrophoresis conditions surface of the bare fused silica colunffid. 1A), the inner
surface of the polymerized layeFi¢). 1B) and the inter-
Before analysis, the monolithic columns were precon- face between polymerized layer and the capillary inner wall
ditioned with the running buffer. They were rinsed with (Fig. 10). The results gave the information that the thickness
methanol, pure water and buffer between runs at 1 or 2 min of the polymerized layer on the inner surface of the capillary
intervals. The samples were injected by siphoning at a heightcolumn was only 0.3m and not a whole column full of the
difference of 10 cm for 10 s. Electroosmotic flow (EOF) was polymeric monolith. Briggemann et 0] claimed that the
measured with various neutral markers, such as benzyl al-thickness of the polymerized layer was proportional to the
cohol, acetone and mesityl oxide. The samples were mostlyamount of the cross-linking agent. In this work, the amount
detected by UV light absorption measurement at 214nm. was only 5%. Increasing the amount of cross-linking agent
would increase the amount of the polymer molded into the
column.
3. Results and discussion
3.3. EOF measurement for the optimization of the ester
3.1. Preparation of the monoliths with iminodiacetate hydrolysis
group
In this work, ester hydrolysis should be carried out
Prior to the in situ polymerization, a heterobifunctional prior to the metal complexation. It can be carried out
coupling agenty-MPS, was selected in order to activate the by acid-catalyzed or base-promoted way. However,
inner wall of the capillary column to provide anchoring sites acid-catalyzed ester hydrolysis is reversible, while the latter
for the grafting of the polymer to the silica surfa@g. The is irreversible. For getting a stable column, base promoted
concentration ofy-MPS in toluene over the range from 10 hydrolysis was adopted. But harsh conditions would dam-
to 50% (v/v) were prepared for the silyzation reaction. The age the siloxane bond on the inner wall of the capillary
reaction condition was at 12C for 24 h. In order to slow  surface. Therefore, EOF measurement was employed to
down the polymerization of the reagent via the vinyl group, assess the optimization condition.
DPPH, 0.01% (w/v) was added to the reaction mixture as
Gusev et al[7]. However, the resulting columns were oc- 3.3.1. Monolith with diethyl iminodiacetate functionalities
cluded when the concentration ¢fMPS were greater than At this stage, the functional group of the monolith poly-
25%. For having both enough affinity to graft the monolith mer is neutral. But a low EOF would be expected due to
polymer and little EOF in the column, 10% was selected for the presence of some unmodified silanol group. For select-
the silanization step. ing an ideal neutral marker to determine the quantity of the
To have the mutual solubility of all reactants in the poly- EOF, both acetone and benzyl alcohol had been used. Un-
merization step, the functional monomer was obtained via fortunately, no peak was found at phosphate buffer (pH 6.0,
the reaction of VBC and DEIDA, but not iminodiacetic acid 20 mM) even the elution time was longer than 400 min. How-
(IDA). The porogen used was toluemepropanol (1:1, v/v). ever, a greater mobility was demonstrated when more runs
One disadvantage was hydrolysis is needed before intro-were carried outKig. 2), and eventually a stable EOF was
ducing the metal ion. For a high yield of the functional obtained. At first stage, the retention time of benzyl alcohol
monomer, excess molar ratio of DEIDA to VBC was used. and that of acetone was not the same value. The difference
Meanwhile pyridine was added to improve the reaction. The decreased gradually as the extent of hydrolysis increased.
extent of the reaction was assessed bytHeNMR tech- We can say that the retention behavior is mainly based on
nigue. It is a simple method; no need to separate the productchromatography, but as the extent of hydrolysis increased,
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Table 1
Comparison offH NMR chemical shift before and after reaction of 4-vinylbenzyl chloride and diethyl imnodiacetate
/
H —
N
N
+
CHO—CH,C~ “CH,C—OC;Hs
(b)
o
@ g DEIDA
(@) _CH,—C—O0C,Hs
|
VBC H,C—C—O0C;Hs
(b)
~ 60°C, 30min. or 60min.
+ HCl
Reactants Chemical shift, § (ppm)

Before reaction
(€Y
(b)

After reaction
@
(b)
(@)
(0

4.68
3.39

4.70
3.65
3.88
3.52

electrophoretic behavior commenced to play the predomi-
nant role of the migration.

3.3.2. Ester hydrolysis with dynamic method

Hereafter dynamic method with NaOH agueous solution
was tested to see the performance. The concentrations of
NaOH and the flushing time were as follows: 1mM NaOH,
30min (condition A), 1mM NaOH, 60min (condition B);
and 10mM NaOH, 60min (condition C). The EOF of the
resulting column hydrolyzed with different conditions was
presented as Fig. 3. It was found that no significant differ-
ence was for each process, and the column with the lowest

aelanl eaky

A)

(B)

retention time was that hydrolyzed with the mildest condi-
tion (A). This is rather surprising, and we wonder whether
there is unfavorable interaction between hydroxyphenyl in
the marker and the hydrolyzed iminodiacetate functional
group. For the consideration, mesityl oxide was chosen as
the marker for the further study.

3.3.3. Ester hydrolysis with static method
3.3.3.1. Sodium hydroxide aqueous solutiofhis was in-

vestigated by varying the concentration of NaOH aqueous
solution (10, 50 and 100 mM) with ultrasonication at 58°C

©

Fig. 1. Scanning electron micrographs of (A) the inner surface of bare column, (B) the inner surface of polymerized layer, (C) the interface between

polymerized layer and capillary inner wall.
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Fig. 2. The retention time of the marker in the monolith with diethylim-
inodiacetate (DEIDA) functionalities. Column: 75cm (50cm to detector)
x 75pm i.d.; mobile phase: phosphate buffer (20mM, pH 6.0); injec-
tion mode: hydrostatic injection (10cm, 55); markers: benzyl alcohol and
acetone; applied voltage: 15kV; detection wavelength: 220 nm (acetone),
214nm (benzyl acohol). () Benzyl acohol; ((J) acetone.
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Fig. 3. The retention time of marker in the DEIDA monolith column
hydrolyzed with NaOH agueous solution by dynamic method. Conditions
as Fig. 2 except marker: benzyl alcohol. Hydrolysis conditions: A: NaOH
(I mM, 30min); B: NaOH (1 mM, 60min); C: NaOH (10mM, 60min).
(®) Condition A; (CJ) condition B; (A) condition C.

for 2h. The results indicated that the capillary column was
collapsed after hydrolysis with 100mM NaOH. The EOF
was even similar to that of the bare fused silica column
(Fig. 4). Attached polymer layer felled off could also be ob-
served for the column hydrolyzed with 50mM NaOH.
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Fig. 4. The retention time of marker in the DEIDA monolith column
hydrolyzed by static method. Conditions as Fig. 2 except marker: mesityl
oxide. Hydrolysis with NaOH agueous solutions. (¢) 10mM NaOH; (C)
50mM NaOH; (A) 100mM NaOH.
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Fig. 5. The retention time of marker in the DEIDA monolith column
hydrolyzed by static method. Conditions as Fig. 4 except hydrolysis con-
ditions with the mixture of NaOH-EtOH (1:1, v/v) solution. (Two dif-
ferent columns were employed for each hydrolyzed solvent.) () NaOH
(10mM)-EtOH (column 1); (CJ) NaOH (10mM)-EtOH (column 2);
(A) NaOH (100mM)-EtOH (column 1); (O) NaOH (100 mM)-EtOH
(column 2).

3.3.3.2. Mixture of sodium hydroxide aqueous solution and

ethyl alcohol. Since ester moiety of the monolith polymer
is more hydrophobic than the siloxane bond, this suggests
that a mixture of NaOH (ag)-EtOH (1:1, v/v) as the hy-
drolyzed solvent would be more advantageous. Here ultra-
sonication at 42 °C with different reaction time (2-3 h) was
applied in each case (Fig. 5). The results indicated that hy-
drolysis with NaOH (10mM)—EtOH was better than that
with NaOH (100 mM)—EtOH, and 2h was enough for the
process.

3.3.3.3. Sodium hydroxide (s) in ethyl alcohoHydroly-
siswas further manipulated by dissolving the solid NaOH in
EtOH. NaOH ethanol solution (10mM) was filled into the
DEIDA column and then reacted at 58°C for 2 h with ultra-
sonication. It did provide more highly reproducible results.
The retention time (min) was 20.21 + 3.03% (n = 4) for
the EOF measurement after each hydrolyzed column freshly
prepared. For this reason, a NaOH (s)-EtOH (10mM) was
chosen as the optimum condition for the ester hydrolysis.

3.4. Complexation

For introducing metal ion in the monolith column, copper
sulfate with 0.1 M at pH 4-5 was carried out. The logarithm
of the stability constant for copper—iminodiacetate complex
is10.56 4+ 0.05 (25°C, n = 0.1) [31]. So the experimental
condition is favorable for introducing copper ion into the
monolith polymer. To which the polydentate ligand forms a
stable two five-membered chelating ring.

3.5. Evaluation the separation efficiency of the monolith
column

3.5.1. Separation of amino acids

3.5.1.1. pH of the mobile phaseWithout copper ion, the
iminodiacetate-bound stationary phase would be a cation
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Table 2

Retention behavior of underivatized amino acids on the Cu-iminodiacetate monolithic column with different background electrolytes?

Analyte Retention time (min) Wi,z (min) Theoretical plate number (m—1)
pH 7.0 pH 8.0 pH 9.0 pH 7.0 pH 8.0 pH 9.0 pH 7.0 pH 8.0 pH 9.0
Tryptophan® 13.95 13.50 (9.38)¢ 15.93 0.36 0.82 1.03 8300 1500 1300
Tryptophan® 14.48 13.94 0.42 0.49 6700 4400
Tyrosine® 14.67 16.17 (9.22) 16.70 0.18 0.33 0.71 38800 13300 3100
Tyrosine® 14.49 14.56 0.38 0.50 8100 4700
Phenylalanine® 13.90 15.05 (9.55) 15.67 0.13 0.10 0.59 59500 133800 3900
Phenylalanine® 13.15 13.67 0.24 0.33 17200 9600

@ Column: Cu—iminodiacetate monolithic column [75cm (50cm to detector) x 75um i.d.]; injection mode: hydrostatic injection (10cm, 10s); applied

voltage: 15kV; detection wavelength: 214 nm.
b Phosphate buffer (20mM).
¢ Carbonate buffer (20mMm).

d Conditions as in footnotes a and b except column is bare fused-silica column.

exchanger. To ensure greater stability of the copper complex,
pH was maintained over the range from 6 to 8. Under these
conditions, all the analyte existed in the anionic form. Both
tyrosine and phenylalanine were coeluted with the neutral
marker at pH 6.0. After increase of the pH to 7.0, the re-
tention time differences between marker and phenylalanine
(Phe), tryptophan (Trp) and tyrosine (Tyr) were 0.39, 0.57,
and 0.67 min, respectively. The elution order was Phe > Trp
> Tyr. On further increase of the pH to 8.0, the differences
between them were increased to 2.42, 1.69 and 2.85min,
respectively. The elution order was changed to Trp >
Phe > Tyr.

3.5.1.2. Composition of the mobile phasé&n important
factor in any chromatographic separation isthe mobile phase
composition. Since with the use of phosphate buffer (20 mM,
pH 6.0-8.0) and applied voltage of 15kV, the three peaks
were not fully separated and peak tailing was demonstrated,
the following species: HoPO,~, HPO42~, PO43~, HCO3™
and CO32~ with conductivities (Scm?/equiv.) being 33, 57,
69, 44.5 and 72, respectively were considered. For the sub-
sequent work, bicarbonate buffer with a lower conductivity
was tested to see the performance. Unfortunately, peak tail-
ing was not improved and even more serious in higher pH
medium. At pH 9.0, copper hydroxide and higher conduc-
tivity buffer species, CO3%~ or PO43~ would form. These
resulted in a poorer performance of the column (Table 2).
By considering the resolution, peak width and the number of
theoretical plate, phosphate buffer with pH 8.0 was selected
for the further work.

3.5.1.3. Concentration of the mobile phasét phosphate
buffer of pH 8.0, the effect of the buffer concentration on
the retention times was studied over the range from 10 to
50mM. Two peaks could be found at 40mM buffer. On
increasing the concentration of phosphate buffer to 50mM,
three non-resolved peaks were obtained.

3.5.1.4. Additive of the mobile phaseAt phosphate buffer
(pH 8.0, 50mM) and applied voltage of 15kV, further op-

timization of the resolution was achieved by the addition
of acetonitrile. Resolution was improved by changing the
acetonitrile content from 10 into 20%. The electrochro-
matograms were as indicated in Fig. 6. The elution order
was Trp > Tyr > Phe.

3.5.2. Separation of oligopeptides

In a preliminary test, varying the pH value from 7.0
to 8.0, the phosphate buffer concentration in the range
of 20-50mM, the acetonitrile content of 20-50% (v/v),
no peak was found (at 214 nm) within a reasonable time

3.0{ (@)
25
2.0
1.5
1.0
0.5

0.0~ L

2,3

151 (b)
1.0
0.5
0.0
-0.5
-1.0 3
-1.5

Absorbance (mAU)

0 5 10 15 20 25
Retention time (min)

Fig. 6. Electrochromatograms of amino acid mixture with various amount
of acetonitrile in phosphate buffer. Column: Cu-iminodiacetate monolith
column [75¢cm (50cm to detector) x 75um i.d.]; injection mode: hy-
drostatic injection (10cm, 10s); applied voltage: 15kV; detection wave-
length: 214 nm; mobile phase: phosphate buffer (50mM, pH 8.0) with the
addition of acetonitrile (?%, v/v) (8) 10% (b) 20%; peak identification: 1
= tryptophan; 2 = tyrosine; 3 = phenylaanine.



S.-C. Chuang et al./J. Chromatogr. A 1044 (2004) 229-236 235

@) T 025 mAU
1
23
—
o)
é (b)
~ 2 3
8 1
=
8
5| ©
B
1

< 2,

. e

0 20 40 60

Retention time (min)

Fig. 7. Electrochromatograms of peptide mixture with various amount
of acetonitrile in borate buffer. Conditions as Fig. 6, except sample:
0.42mg/ml of each dissolved in pure water; applied voltage: 20kV;
detection wavelength: 200 nm; mobile phase: borate buffer (20mM, pH
8.5) with the addition of acetonitrile (2%, v/v) () 10% (b) 20% (c) 30%;
peak identification: 1 = [Sar®, Thr8] angiotensin II; 2 = angiotensin I; 3
= angiotensin II.

when three analytes including angiotensin |, angiotensin Il
and [Sarl, Thr8]-angiotensin 11 were injected. But mesityl
oxide could be detected in a symmetric peak. The results
indicated a serious adsorption of these anaytes might
be on the prepared column. With borate buffer (pH 8.5,
20mM) and detection at 200 nm, two peaks could be found.
The addition of acetonitrile at 10% to the borate buffer
led to three well-resolved peaks. The elution order was
[Sarl, Thr8]-angiotensin Il > angiotensin | > angiotensin I.

Onincreasing the acetonitrile content over the range from
10 to 20%, a longer retention time was indicated. A small
EOF might be the reason. Furthermore increase the acetoni-
trile content to 30%, it would have a greater hydrophobic
interaction with the polymer backbone and less favorable
condition for the complexation. All of it resulted in alower
affinity for the analyte (Fig. 7).

3.6. Retention mechanism suggested for the model
compounds separation

3.6.1. Separation of amino acids

In this work, sample was injected from the anodic end.
Since analytes carries negative charge, the EOF which origi-
nated from the uncomplexed iminodiacetate and unmodified
silanol groups was found strong enough to carry the analyte
to the cathode. Based on the electrophoresis, it would be
difficult to separate the compounds with similar ionic mo-
bility. However, the elution order is Trp > Tyr > Phe. For
the comparison, a bare fused-silica column was employed to
separate the model compounds in the similar condition. Not

only much lower retention but also no significant difference
for the migration time was shown (Table 2).

The side chain of phenylalanine has least polarity among
the three analytes, whereas tyrosine and tryptophan have in-
termediate polarity. By judging from the hydrophobic inter-
action with the polymer matrix, the elution order should be
Trp ~ Tyr > Phe.

Here complex formation between stationary phase ligand
and the analyte is a heterogeneous reaction. In the homo-
geneous system, the stability constant for the copper com-
plex decrease in the order: Trp > Tyr > Phe [31]. However,
the affinity for the heterogeneous complexation might have
somewhat difference from that of the homogeneous one.
Due to tryptophan has an additional indole, tyrosine has a
p-hydroxyphenyl group, greater steric hindrance might have
in the monoalith polymer. Therefore the elution order is Trp
> Tyr > Phe,

3.6.2. Separation of oligopepetides

The pl value for angiotensin | is 7.80, angiotensin Il is
7.80 and [Sar!, Thr8]-angiotensin I1 is 10.14. Under the ex-
perimental conditions (pH 8.5), angiotensins | and Il are in
the anionic form and the other one is in the cationic form.
When voltage was applied, the cationic form would migrate
fast and the anionic form move more slowly.

In order to further elucidate the retention mechanism,
the complexation ability toward the central metal ion was
considered. Angiotensin | has complexing groups on the
side chain of Asp, Arg, His, His as well as the carboxylate
and the amino group on the N-terminal Asp; Angiotensin
Il has one less His complexing group than angiotensin |I.
[Sart, Thr8]-Angiotensin |1 has only two complexing groups
on the side chain of Arg and His and no N-terminal com-
plexing group due to the N-methylation of the sarcosine. In
summary, [Sarl, Thré]-angiotensin 11 would be eluted ear-
liest. Although greater complexation affinity would be ex-
pected for angiotensin |, a greater steric hindrance due to
larger peptide chain might hinder the complexation reaction.
Therefore it was eluted earlier than angiotensin I1.

In view of the hydrophobic interaction for the peptides,
longer retention time (Fig. 7) than that for amino acids
(Fig. 6) indicates that a stronger interaction force with the
polymer matrix.

4, Conclusion

In this work, a novel monolith polymer column was pre-
pared. The steps included silanization, functionalization,
polymerization, hydrolysis and metal complexation. To as-
sessthe ester hydrolysis, the quantity of EOF was measured.
It was found that NaOH (s)-EtOH (10 mM) was the most
advantageous one. After complexation, the monolith poly-
mer was used as the stationary phase of ligand-exchange
CEC. Amino acids and oligopeptides with similar ionic mo-
bility were chosen as the model compounds for evaluation
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the separation performance. Judging from our results, the
retention order of the model compounds seems to depend
mainly on ligand exchange, electrophoretic mobility, but
hydrophobic interaction and hydrogen bonding etc would
also have to be considered.

Ligand-exchange CEC is an attractive analytical tech-
nigue due to its versatility. Besides electrophoretic behav-
ior, the type of the polymer-base, the ligand attached and
the central metal ion, al the changes could play different
role for the CEC separation. However, a labile complex is
suggested for the kinetic reason.
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