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A imobilizacdo de uma fase estaciondria de silicone (SE-30) sobre Chromosorb W-AW
para uso em cromatografia gasosa foi iniciada por perdxido de dicumila (DCUP). Foram
estudadas concentragdes apropriadas de perdxido e o procedimento utilizado para
imobilizacdo é bem descrito.

Foram realizados testes de extragdes com solventes, avaliacdo cromatogréfica, bem como
estabilidade térmica e lavagem com solventes em coluna. Estes testes mostraram que a
preparacdo de SE-30 imobilizada sobre Chromosorb W-AW, usando DCUP, € simples e
produz fases estaciondrias eficientes e resistentes a solventes.

The immobilization of a silicone stationary phase (SE-30) on Chromosorb W/AW for use
in packed column gas chromatography was initiated by dicumyl peroxide (DCUP). Appropri-
ate peroxide concentrations were studied and the immobilization procedure is described.

Solvent extractions and chromatographic testing, as well as thermal stability and
on-column solvent rinsing, showed that preparation of an SE-30 phase immobilized on
Chromosorb W/AW using DCUP is a simple method that produces efficient and
non-extractable stationary phases.
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mobilized stationary phases

Introduction

Liquid stationary phases used in gas chromatography
present limitations with respect to volatility and thermal
stability which impose upper temperature limits on their
use. These problems are ameliorated by the immobilization
of the stationary phase through bonding between the poly-
mer chains with possible bonding to the support. This im-
mobilization process is initiated by free radicals which are
produced by heat!">, chemical initiators such as
azocompounds®®, peroxides® ' or ozone'*!”, and ionizing
radiation such as electrons'®, g radiation'”'8, and
low-temperature plasmas'®. All of these methods have

been successfully applied to produce immobilized
nonpolar silicone phases within capillary columns. How-
ever, very little information exists about immobilization of
supported stationary phases used in packed-column gas
chromatography.

This project was initiated to study the peroxide immo-
bilization of SE-30 (silicone phase) on supports. Compared
with other methods, peroxide-initiated cross-linking is eas-
ier to perform, and in addition, the necessary chemicals are
readily available. Appropriate peroxide concentrations
were studied and the details of the immobilization proce-
dure are described here.
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Experimental

Materials

15% SE-30 (Merck) on Chromosorb W/AW (80-100
mesh, Merck) was prepared by evaporating chloroform.
This material was suspended in chloroform containing
dicumyl peroxide (DCUP, Merck) at concentrations vary-
ing from 1 to 10% w/w. After evaporation of the solvent,
known quantities of the coated solid were placed in am-
poules which were sealed under air and heated to different
temperatures (150, 210 and 250 °C ) for 10 h.

Equipment

A Varian 3300 Gas Chromatograph with a flame ion-
ization detector, coupled to a Varian 4400 integrator, was
used with 2 m x 2 mm (i. d.) silanized glass columns placed
in such a way as to permit on-column injection.

Infrared spectra were taken on a Bruker model IFS 28
spectrophotometer, while visible spectra were obtained on
a Micronal model B 260 spectrophotometer.

Testing procedures

Solvent extractions of treated and non-treated packing
materials were carried out at reflux temperature for six
hours with each of three solvents (methanol, benzene and
chloroform) using a modification of the method from
Sanchez et al.?.

Methylene blue adsorption on the active surface, used
to determine the relative difference between well-coated
and non-coated particles, was carried out by a modification
of the method from Shapiro and Kolthoff>!. Known quanti-
ties of the packing materials were stirred in contact with an
ethanolic solution containing 10 ng mL™"' of methylene
blue. After a fixed time, the suspension was filtered and the
absorbance of the methylene blue remaining in solution
was measured at 610 nm. The activity of the surface was
determined from the difference in absorption between pure
methylene blue solution and the filtered methylene blue so-
lution after contact.

For chromatographic testing, the prepared phases were
packed into identical glass columns with the aid of a vibra-
tor. The packing density was controlled by the weight of the
packing used.
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Table 1. The percentage of the liquid stationary phase (SE-30) ex-
tracted by solvents as a function of the dicumyl peroxide concentra-
tion used for immobilization*.

DCUP Temp. % Extracted with Immob.
(%) (°C) CH30H Cg¢He¢ CHCIl3 Total (%)
0 25 1.2 0.0 14.2 15.4 -

150 0.2 0.2 14.8 15.2 -
210 0.8 0.4 12.8 14.0 -
250 0.9 0.3 14.3 15.5 -
1 25 1.2 1.7 11.6 14.5 -

150 0.1 0.0 13.9 14.0 -
250 0.6 0.1 11.5 12,2 -
2 25 2.1 0.2 13.1 15.4 -
250 0.2 1.3 13.9 15.4 -
5 25 2.5 0.2 13.0 15.7 -
250 0.4 0.1 1.5 8.0 47
8 25 4.6 0.3 10.7 15.6 -

210 1.0 1.3 0.5 2.8 82
250 0.4 1.0 1.0 24 84
10 25 2.7 2.1 10.9 15.7 -
210 1.0 33 0.2 4.5 71
250 0.7 2.2 0.1 3.0 81

*The phases were prepared with 15% SE-30/Chromosorb W/AW
wiw.

Two different mixtures (A: decane, undecane, and
dodecane, and B: methyl hexanoate and methyl octanoate)
were used to evaluate the chromatographic parameters of
the phases at 160 °C (A) and 140 °C (B), with a flow rate of
30 mL min! (Ny). The tm was determined with butane at
three different temperatures (170, 180, and 200 °C).

The columns were submitted to high temperatures
(~350 °C), and the background current was registered to
verify the thermal stability.

The extractability of the stationary phase film was
checked in the following way. The packed column was suc-
cessively washed with 2.5 mL acetone, 1.8 mL methylene
chloride: isooctane (1:1), 1.8 mL methylene chloride:
isooctane (1:4), and finally, 2.5 mL isooctane. Each col-
umn was tested prior to rinsing and after rinsing.
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Results

Solvent extraction of the stationary phase is shown in
Table 1. The infrared spectra are presented in Table 2. Ta-
ble 3 compares the chromatographic parameters measured
for a non-immobilized phase with a phase prepared with
8% DCUP at 250 °C. The effect of immobilization on ther-
mal stability is shown by determining the background cur-
rent as presented in Fig. 1. The results of rinsing with
solvents are shown in Fig. 2.

Discussion

Solvent extraction of the stationary phase removes the
non-immobilized polymethylsilicone from the support,
and the final and initial weight differences provide the total
percent extracted and consequently the total percent immo-
bilized. As shown in Table 1, 8 and 10% of DCUP immobi-

Table 2. Infrared bands present in the immobilized supports*.
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Figure 1. The effect of SE-30 immobilization on the background cur-
rent.

DCUP Temp. Wave Number (cm_l)/Characteristic Group

(%) °C) 3500/Si-OH 2960/CH2CH3  1300/Si-O-CH3  1100/Si-O-Si 800/Si-H
0 25 X X X X X

1 250 X X X X X

5 250 X X X X X

8 250 - X X X X

10 250 - X X X X

* The x indicates the presence of this band in the spectrum. The phases were prepared with 15% SE-30/ Chromosorb W/AW (w/w).

Table 3. Plate heights calculated for alkanes and methy] esters.

Column* Compound k H (mm) Rs
decane 2.08 1.920

4.0
undecane 5.22 1.650

4.7
non-immobilized dodecane 9.31 1290
methyl hexanoate 4.57 0.909

11.7
methyl octanoate 14.08 0.668
decane 2.08 1.660

4.7
undecane 3.93 0.960

immobilized 5.8
8% DCUP/ 250 °C dodecane 7.13 0.930
methyl hexanoate 3.08 0.834

11.8
methyl octanoate 9.83 0.668

* The phases were prepared with 15% SE-30/ Chromosorb W/AW (w/w).
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Figure 2. Plate height change for decane in different rinsing times: 1 =
before rinsing; 2 = After 2.5 mL Acetone and 1.8 mL acetone:methy-
lene chloride (1:1) injections; 3 = After 2.5 mL methylene chloride
and 1.8 mL methylene chloride:isooctane (1:1) injections; 4 = after
rinsing.

210 or 250 °C). Lower percentages of DCUP do not result
in significant levels of immobilization.

The infrared spectra (Table 2) show that the free silanol
band (3500 cm) is absent in the phases prepared with 8
and 10% of DCUP, indicating the removal or screening of
surface silanols. This is important because the surface
silanols, when not coated, can react with the sample during
chromatographic separation and produce assymetric
peaks.

The immobilized column has a smaller plate height and
higher resolution than the non-immobilized column, while
the retention factor (k) decreased for the majority of com-
pounds after immobilization (Table 3). Thus, separations
on the immobilized column are faster and more efficient.

These results are similar to those obtained by Ghaoui e?
al.? with SE-54 on Chromosorb W/AW, which was 75 to
98% immobilized using 0.30% DCUP at 180 °C for 3 h.
The lower peroxide concentration used by these authors is
probably due to the presence of a vinyl substituent in SE-54
that facilitates the immobilization process.

The temperature needed to bring about a 40% increase
in the background current is 156 °C higher for immobilized
SE-30 than for the non-immobilized phase, indicating a
significant increase in stability with temperature program-
ming (Fig 1).

After the rinsing sequence, the columns were evalu-
ated. The plate heights of the columns were determined.

After successive rinsing steps the immobilized SE-30
showed a smaller plate height variation than did
non-immobilized SE-30 (Fig 2).

Conclusion

The preparation of an SE-30 phase immobilized on
Chromosorb W/AW using DCUP is a simple method that
produces efficient and non-extractable columns, indicating
alonger useful life and the possibility of the recuperation of
a contaminated column.
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