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The present stage of evolution of capillary gas chromatography is associated 
with the development of capillary columns with immobilized stationary phases. Fea- 
turing not only high separation efficiency but also good thermal stability and resis- 
tance to organic solvents, these columns can be regenerated, which is convenient 
particularly in trace analysis using splitless and on-column technique9 . The columns 
are freed from impurities by flushing with suitable solvents. 

The preparation of columns with immobilized stationary phases has been re- 
ported for polysiloxane phase types, which are cross-linked by an appropriate in situ 
reaction inside the column. Cross-linking of a,o-hydroxypolymethylsiloxane poly- 
mers by Si-O-Si bonds can be achieved by allowing tetrachlorosilane vapour to act 
at room temperature on the phase coated on the column wa112+. Siloxane polymers 
can also be cross-linked by a radical reaction resulting in polymerization via Si-C- 
C-Si bonds. Organic peroxides such as dibenzoyl peroxide, dicumyl peroxide and 
tert.-butyl peroxide are most frequently used as initiatorsbT9. Other peroxides such as 
2,4-dichlorobenzoyl peroxide or di-tert.-butyl peroxide and some azo compounds 
such as azocumene, azo-tert.-butane, azo-rert.-octane, azocyclohexane, azo-tert.-do- 
decane or 1, I-diphenylazoethane have also been tried’O*’ i. The use of azoisobuty- 
ronitrilelz and ozone13 has been reported. 

The radical polymerization of polysiloxane stationary phases can also be ini- 
tiated by gamma radiation14-‘*. Columns impregnated with the stationary phase are 
exposed for 2-3 h to gamma radiation to receive a dose of 2-5 Mrad. In comparison 
with the initiation by peroxides, this approach is advantageous in that the stationary 
phase does not become contaminated by polar groups formed on decomposition of 
the peroxides, and better symmetry of the peaks of polar substances resultsis. The 
cross-linking of polysiloxane phases is promoted by higher dose rates”. The effect 
of radiation on the mechanical properties of fused-silica capillaries has also been 
investigated and a slight decrease in the elasticity of this material has been observedr6. 

The aim of this work was to examine the efficiency of immobilization of SE- 
54 and SE-30 stationary phases by means of gamma irradiation from a 6oCo source. 
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EXPERIMENTAL 

Apparatus 
Soft glass (Unihost) capillary columns (20-26 m x 0.25 mm I.D.) and a 

fused-silica capillary column (10 m x 0.2 mm I.D.) were impregnated with SE-54 
and SE-30 polysiloxane stationary phases (Becker, Delft, The Netherlands) after sur- 
face treatment as described later. 

The column performances were tested on a mixture of Cs, Cl0 and CIs-Cil 
n-alkanes. The efficiency of immobilization was examined by flushing the columns 
with pentane-methylene chloride (1: I), chloroform, toluene and acetone. 

The source of gamma radiation was a Gammacell 220 (AECL, Canada) emit- 
ting at a dose rate of 2.48 kGy/h (19.1 mA/kg). 

The fused-silica column was tested on a Packard Model 428 gas chromato- 
graph and the glass columns on a Chrom 5 instrument (Laboratorni pfistroje, Prague, 
Czechoslovakia). The inlet splitter technique and flame-ionization detection were 
used. 

Procedure 
Treatment of the internal surface of the capillary column. The fused-silica col- 

umn (A) was washed with dilute (1:l) hydrochloric acid according to Blomberg et 
aLg. The glass columns (B, C and D) were etched with hydrogen fluoride gas obtained 
by in situ thermal decomposition of 2-chloro-1,1,2-trifluoroethyl methyl ether, 
making use of the experience gained by TesaBk et al. l g with etching of Unihost glass 
capillaries. Similarly to cohmm A, column B was then washed with dilute hydro- 
chloric acid and its surface was silanized by polysiloxane degradation (PSD) accord- 
ing to Schomburg et aLzo, whereas the etched columns C and D were subjected to 
silanization for 2 h with trimethylchlorosilane vapour in the sealed columns at 150°C. 

Column impregnation and testing. Columns A, B and C were impregnated by 
the dynamic procedure by means of a mercury plugzl. A 7% solution of SE-54 in 
toluene was used for these columns, whereas a 5% solution of SE-30 in toluene was 
used for column D. The columns were then conditioned using a stream of nitrogen 
at a flow-rate of approximately 0.2 ml/min; the temperature programme was 50°C 
for 2 min at 2”C/min to 18o”C, held for 30 min, increased at I ‘C/mm to 28O”C, held 
for 120 min. 

The columns were tested on an n-alkane mixture and the capacity factors and 
the numbers of theoretical plates were determined for the C1&i7 n-alkanes. 

Column irradiation. After testing, the columns were exposed to gamma radia- 
tion at a dose rate of 2.48 kGy/h for 20 h; the total dose was about 5 Mrad. 

CoZumnflushing and testing. After the irradiation, the column were flushed with 
two column volumes of pentane-methylene chloride (1:l) and nitrogen purged, and 
the test described under Column impregnation and testing was repeated. Then the 
‘columns were flushed with ten column volumes of this mixed solvent and the test was 
repeated again. Finally, other solvents, viz., toluene, chloroform, and acetone, were 
used and a subsequent test was carried out. 
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RESULTS AND DISCUSSION 

The results of the tests are given in Table I. The capacity factors of the test 
substances, calculated in the various stages of the experiment, indicate that the im- 
mobilization was successful for all four columns. No changes in the properties, i.e., 
in the capacity factors or the numbers of theoretical plates, occurmd on irradiation. 
The non-cross-linked molecules of the stationary phase were removed during the first 
washing with two column volumes of pentane-methylene chloride (1: 1) and the col- 
umn capacity was decreased by 12-H%, as indicated by the decrease in the capacity 
factors of the test substances. Prolonged washing of the column with this mixed 
solvent did not lead to additional removal of the stationary phase, the capacity re- 
maining unchanged. This was unaffected by the flushing rate; identical results were 
obtained on flushing the columns at rates of 5 cm/set or less than 1 cm/set or on 
allowing the filled columns to stand overnight. Additional flushing of the columns 
with the solvents employed for the preparation of the stationary phase solutions, viz., 
toluene and chloroform, or with acetone also did not bring about any changes in the 
column capacity. 

The 12-15% decrease in the capacity factors on the first column washing and 
all the above results agree well with the results obtained by Schomburg et ~1.~~. 

The immobilization efficiency was unaffected by the different column surfaces 
and their previous treatment. This supports the concept of the formation of the 
unextractable stationary phase being caused primarily by its in situ cross-linking 
rather than its chemical bonding to the active centres in the capillary surface. 

From the point of view of the separation efficiency, it is of importance that 
the column flushing resulted in an increase in the number of theoretical plates, which 
is consistent with the associated decrease in the column capacity. 

The immobilization of SE-30, which differs from SE-54 by the absence of vinyl 
groups, was equally successful as that of SE-54, which indicates that the presence of 
vinyl groups is not a prerequisite for the immobilization of polysiloxane stationary 
phases. 

CONCLUSION 

It was the aim of these experiments to examine the possibility of immobili- 
zation of SE-54 and SE-30 polysiloxane stationary phases by the use of gamma ra- 
diation from a Gammacell 220 source at a dose rate that was about ten times lower 
than that used previously. The results indicated that this immobilization procedure 
is practicable, and the results obtained were identical with those found in the liter- 
ature. 

The problem of the immobilization was the sole objective of this treatment, 
and no other factors determining the quality of capillary columns were considered. 
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