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Effects in high-performance liquid chromatography of a high pH in
the mobile phase on poly(methyloctylsiloxane) immobilized by

g-radiation on titanium-grafted silica
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Abstract

Effects of high-pH environments on a stationary phase prepared by g-radiation immobilization of poly(methyloctylsilox-
ane) on titanium-grafted silica were investigated by HPLC testing with standard sample mixtures. The HPLC parameters
indicate good stationary phase stability to 10 000 column volumes each of mobile phases with pH of 7, 9 and 12. At pH 13,
the efficiency decreases slowly, although reasonably good separations are still possible until increasing flow resistance no
longer allows easy passage of the mobile phase.  2000 Elsevier Science B.V. All rights reserved.

Keywords: pH effects; Titanium-grafted silica; Silica, titanium grafted; Poly(methyloctylsiloxane) stationary phases;
Stationary phases, LC

1. Introduction The rate of bonded-phase degradation at pH 7–10
increases with higher concentrations of many buffers

Various approaches have been used to maintain the [3]. The use of alkali metal-based buffers may
chemical integrity of silica-based bonded-phase col- reduce the dissolution of silica supports and thus
umns in different pH environments [1–6]. Factors, enhance column stability at high pH [2].
such as bonding chemistry and properties of the Attempts to overcome the limitations of silica
silica support material, including pore size and pore supports in reversed-phase high-performance liquid
size distribution, are involved in determining the chromatography (HPLC) have involved use of sup-
resistance of a packing material to acid hydrolysis port materials more resistant to pH, such as zirconia
[6]. Similar factors also determine the rate of degra- [7–24], titania [17,19,25–34] and alumina
dation of C columns at intermediate pH, where the [7,17,19,25,30,35–43], usually coated with polymers18

type and purity of the silica support, temperature and made in situ from substituted ethylenes, butadienes
nature of the silane stationary phase play a role [1]. and styrenes. Porous TiO has been characterized2

At higher pH, other factors, such as type and and tested for direct use in normal-phase HPLC
concentration of buffer, and even the nature of the [26,32], reversed-phase HPLC [27–33] and ion-ex-
buffer cation, influence bonded-phase stability [5]. change HPLC [25,34].

More recently, chemical incorporation of a metal
oxide onto the silica surface has been investigated, as*Corresponding author. Fax: 155-19-7883-023.
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modifying the silica surface through chemical in- sealed in glass ampoules, under air, and irradiated to
corporation of a metal oxide material, known for its 120 kGy of absorbed dose by means of an industrial

60stability in high-pH environments, onto the silica Co g-ray source (IBRAS-CBO, Campinas, Brazil)
21surface. Zirconium grafted onto the silica surface has at a dose rate of |40 kGy h . Portions of irradiated

been used to produce packing materials [44] which packing material were extracted for 6 h in a Soxhlet
give good results at least up to pH 10, using an apparatus with CH Cl , then allowed to dry at2 2

ammonium buffer [45]. The methodology for prepar- ambient temperature prior to heating for 24 h at
ing titania grafted onto silica [46] and for immobili- 1108C. The columns, 15033.8 mm, made from
zation of poly(methyloctylsiloxane) in the titanium- locally purchased type 316 stainless steel tubing, had
grafted silica pores using g-irradiation [47] has been highly polished internal surfaces and were downward
reported and shows that titanium-grafted silica is packed at 42 MPa with a Haskel packing pump using
suitable for use as a chromatographic support for 10% slurries of the packing material in CCl with4

applications in reversed-phase HPLC. methanol as the propulsion solvent.
In this report we demonstrate that a polymeric

stationary phase immobilized on titanium-modified 2.3. Instrumentation
silica provides good stability for columns used with
high-pH aqueous mobile phases. Quantification of titanium in the packing material

before and after the stability test at pH 12 was
obtained by X-ray fluorescence, using a Tracor

2. Experimental Model Spectrace 5000 instrument. The calibration
curve was prepared using mixtures of purified silica

2.1. Reagents and materials ¨and TiO (Riedel-de Haen), containing from 1 to2

10% (w/w) Ti.
Titanium-modified silica was prepared as previ- Elemental analyses for carbon (% C) were ob-

ously described [46,47]. Poly(methyloctylsiloxane) tained on a Perkin-Elmer Model 2400 CHN analyzer.
(PMOS, product PS-140 from Petrarch Systems/ The quantity of PMOS (%) was then calculated

¨Huls America) has a mean molar mass of 6200. using the equation:
Analytical-reagent grade or HPLC-grade solvents

% PMOS 5 (w /w ) ? 100were obtained from Merck (dichloromethane, carbon PMOS sample

tetrachloride, acetone, benzonitrile, benzene, toluene
where w 5w 1wsample support PMOSand naphthalene) or Mallinckrodt (methanol). The

Since 62% of the polymer mass refers to carbon,aqueous solutions were prepared with distilled,
w 5(w /0.62) and w 5carbon mass, thenPMOS C Cdeionized water (Milli-Q, Millipore). Aqueous so-

dium hydroxide of appropriate concentrations to give % C 5 (w /w ) ? 100C samplepH 7, 9 12 or 13 was mixed with methanol in the
wratio 30:70 (v /v) for stability testing. PMOS
]]% C 5 0.62 ? ? 100wsample

2.2. Preparation of the stationary phase
2.4. Column testing

Equal masses of titanium-modified silica (Ti–Si)
and PMOS were added to dichloromethane by first Reversed-phase column testing was done with a
dissolving the PMOS in the solvent, then stirring in system consisting of a Shimadzu LC-10AD pump, a
the dried support. This mixture was stirred for 3 h at Shimadzu Model SPD-10AV UV–Vis absorbance
room temperature and the dichloromethane was then detector (at 254 nm), a Rheodyne Model 7125
removed by evaporation to obtain the stationary injector (5-ml loop) and a Hewlett-Packard Model
phase (Si–Ti–PMOS) with a 50% poly(methyloc- 3396 integrator. The test mixture contained appro-
tylsiloxane) nominal loading. Once the Si–Ti–PMOS priate quantities of acetone, benzonitrile, benzene,
stationary phase had been prepared, samples were toluene and naphthalene.
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Table 22.5. Stability testing
Chromatographic parameters for PMOS immobilized onto
titanized-silica vs. volume of mobile phase through the columns

The evaluation of chemical stability was carried
a a b b apH Timing Plates /m k R a As sout at ambient temperature (258C) by passing

MeOH–NaOH (70:30, v /v) mobile phase through 7 Start 24 960 4.6 2.9 1.2 1.7(aq)
c21 7 Finish 23 640 4.4 2.9 1.2 1.7each column at 2.0 ml min to a total of 10 000

column volumes (V ) for each pH tested. The empty 9 Start 28 000 4.7 2.8 1.2 1.3c
c9 Finish 28 320 4.8 2.8 1.2 1.5column volume, V , was 1.7 ml and was calculated asc

2V 5pr L, where r5column radius and L5column 12 Start 25 150 3.8 2.4 1.2 1.2c
clength. Chromatograms of a mixture of solutes of 12 Finish 24 840 3.6 2.3 1.2 1.2

different polarities were obtained periodically with 13 Start 24 770 4.6 2.8 1.3 1.5
dthe mobile phase methanol–water (70:30, v /v), at a 13 Finish 20 450 5.0 1.8 1.2 1.6

21flow-rate of 0.3 ml min , near the optimal flow-rate a Calculated for naphthalene.
bas determined by a Van Deemter plot. Prior to each Calculated for toluene–naphthalene.
ctest the column was conditioned with this mobile After 10 000 column volumes.
d After 5000 column volumes.phase at the same flow-rate for 30 min. Chromato-

graphic performance was evaluated by means of
efficiency (plates /m), retention factor (k), resolution The chromatographic parameters presented in
(R ), separation factor (a) and asymmetry (A ) at Table 2 show the stability of the packing material ats s

10% of peak high, manually determined from the different pH values after extended washing with
21chromatograms (paper velocity at 2.0 cm min ) for MeOH–NaOH (70:30, v /v) at pH 7, 9, 12 and 13.(aq)

naphthalene or the toluene–naphthalene pair, as Except for pH 13, the chromatographic parameters,
appropriate. The hold-up time, t , was determined calculated for naphthalene and the toluene–naph-M

from the refractive index deviation obtained by thalene pair, remain essentially constant throughout
injection of pure methanol. the washing test. The changes in the efficiency,

retention factor and resolution at pH 13 are accom-
panied by settling of the bed and increased resistance

3. Results and discussion to the passage of pH 13 mobile phase at the 2.0 ml
21min flow-rate.

Table 1 shows the amount of titanium, determined Fig. 1 shows chromatograms made before the
by X-ray fluorescence spectroscopy, and the amount washing test and after washing with pH 12 and with
of poly(methyloctylsiloxane) present on the titanized pH 13 mobile phases. The separations have remained
silica support before and after the sequence of pH essentially the same throughout the period of contact
tests. The g-irradiation (120 kGy) has immobilized with the basic environments. Note that, even though
the PMOS on the titanium-modified silica so that increased resistance caused the pH 13 test to be
even after prolonged contact with a high pH mobile terminated after only 5000 column volumes, the
phase, the amounts of both titanium and PMOS are standard mixture is still well separated at a lower
only slightly reduced. flow-rate (Fig. 1C).

Table 1
Amounts of titanium and PMOS in the packing material before

4. Conclusionsand after passage of 10 000 column volumes each of mobile
phases with different pH values

The results show good chemical stability to 10 000Mobile phase pH Titanium (%) PMOS (%)
column volumes each at pH 7, 9 and 12. When the

Before After Before After
pH is increased to 13, a change in the column bed no

7 5.1 4.2 30 29 longer allows the facile passage of this mobile phase
12 5.1 3.9 27 27 21at 2 ml min after 5000 column volumes. Thus,
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Fig. 1. Chromatograms (A) before testing; (B) after 10 000 column volumes at pH 12 and (C) after 5000 column volumes at pH 13.
21Conditions: mobile phase: MeOH–water (70:30, v /v); flow-rate: 0.3 ml min ; detection: UV at 254 nm; test solutes: (1) acetone, (2)

benzonitrile, (3) benzene, (4) toluene and (5) naphthalene.
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