
PREPARATION AND APPLECATLQN OF SURF-ACE-MODXFXEID HIGH- 
RESOLUTION WALL-COATED OPEN TUBULAR CQLUMNS 

F_ I_ ONUSKA’ and M. E. COi%5BA 

Anatytica! _%?ethod% Research Section, Canada Centre for Itdand Wafers, P_O. Box 5050,867 Lakesfmre 
Road, Bariiirgton, Oman-o L7R CA6 (Cam&j 

SUMMARY 

Short wall-coated open tubular glass capillary columns were prepared from 
soft soda-lime and sodium borosilicate (Pyrex) glass. Whisker growth was affected 
by gaseous hydrogen fluoride at elevated temperatures. -4 substantial increase in total 
internal surface area was observed and documented by scanning electron microscopy. 
Examples of their application to mixtures of polychlorinated biphenyls, methyl esters 
of fatty acids, nonionic surfactants and polynuclear aromatic hydrocarbons are given. 

INTRODUCTION 

Adaptation of glass capihary wall-coated open tubular columns (WCOT) for 
routine applications in gas chromatography (CC) is slowly becoming a realization. 
Many of the problems previously encountered with capillary coIumn systems have 
been dissipated by the commercial availability of instrumentation especially designed 
for these purposes_ The original limitations of low partition ratios, small sample ca- 
pacities and column quality have been substantially altered with considerable effort 
devoted to improvements in coating procedures, surface preparation, and instrumenta- 
~on’-zJ 

Propagation of whiskers on the inner surfaces of capillary walls has proven to 
be a si,tificant advancement in the preparation of glass capillary columns. Tesafik 
and Novotr19~ successfully etched soft glass capiJJaries with hydrogen chloride, hy- 
drogen fluoride, and 2-chloro-L.Z.2~trifluoromethyl ethyl ether. The latter rechnique 
was extended by S&eke et QZ.~‘-~” using more concentrated solutions which decom- 
pose at elevated temperatures to liberate hydrogen fluoride. During this process, 
formation of a carbon deposit was observed which can be very di&ult and time con- 
suming to remove22. Etching and surface modifiation techniques have also been de- 
scribed by GrobL1 and by Alexander and Rutten”. 

Treatment of glass surfaces with gaseous hydrogen tluoride has not been ex- 
tensively used, although its corrosive aspects are wetl documented1g*25. This is basically 
due to the safety precautions associated with hydrogen fbzoride which detract from 
its suitability. In view of this, a simplified procedure was developed for forming whisker- 

* Author f.o whom all co.rrespondence should be zddresss. 
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modified surfaces with gaseous hydrogen fluoride_ Both Pyrex and soft glass were 
etched by this method to observe if any pronounced advantages in relation to other 
surface treatment techniques were obtained. 

EXPERIMENTAL 

Prepwizrio~~ of glnss colzmu~s 
Glass capillaries lvere prepared from soft soda-lime and sodium borosilicate 

(Pyrex) tubing according to the method outlined by Desty et dz6 employin,a a Hew- 
lett-Packard Model 1045 A drawin, 0 machine. A 40- and a 13-m coIumn were drawn 

_ TO VACUUM 
PUMP 

Fig. 1. Apparatlzs for hydrogen rluoride etching of glass capillav columns. 

Fig. 2. Cross-section of column before treatment. 
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Fig. X Cross-section of etched soft glass capillary. 

Fig. 4. Surface of etched soft glass capillary_ 
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Fig. 5. Whisker formation on soft &ss inner surface. 

F$. 6. Whisker formation on soft glass inner surface. 
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to 0.5 mm I.D. and 0.24 mm I.D. (tolerances of xO.5”U of I.D. were acceptable). 

respectively. 

Since the whisker growth is affected in the vapor phase, it is essential to in- 
troduce the hydrogen fluoride in a uniform manner over the entire length of the col- 
umn. This may be accomplished by usin, a the apparatus described in Fig. 1. The sys- 
tem must be located in a well-ventilated fume hood and operated using rubber gloves, 
apron. and aspirator mask. The column vvas sealed at one end with the open end being 
connected to the three-way switchin, 0 valve using shrinkable PTFE tubing. The col- 
umn \vas evacuated to a least IO-’ mmHg using a small vacuum pump. Valve 2 was 
then switched to the hydrogen fluoride lecture bottle and hydrogen fluoride was re- 
leased into the column by opening valve 1. The lecture bottle valve v\as closed and the 
column sea!ed off using a microflame torch. The seals on both ends of the column 
should be checked before removal by inserting each in a small beaker of vvater. The 
sealed column was then placed in a vented oven at ambient temperature. The oven was 
closed and the temperature raised to 400 for 12 h. After the hydrogen fluoride has 

Fig. 7. Cross-section of etched Pyrex capillary. 



F. I. ONUSKA, M. E. COMBA 

been consumed the column has a translucent appearance. The column was then re- 
-moved and flushed with helium for 80 min. The whisker growth was checked by break- 
ing short Iengths (10 mm) from both ends of the column. An AMR Model 1000 
scanning electron microscope @EM) with an EDAX attachment for X-ray electron 
dispersive analysis was used. Smail portions of each length were taken and mounted 
vertically in a capillary holder. The etched surface was then treated with protamine 
sulfate and gold to eliminate charging effects. 

Each column was tailored to a fcrm suitable for connection to the gas chroma- 
tograph prior to coating. A liquid phase of 2Op/, OV-17 (methyl phenyl silicone) in 
CH2CIL was then applied to the Pyrex column using a mercury plug method”. The 
column was filled with the coating solution by suction, followed by a 5-cm mercury 
plug. The vacuum was removed and the capillary plug was pushed through the capil- 
lary at a constant velocity (80 cm/min). The end of the capillary column ivas connected 
to a buffer column (10 m of shrinkable PTFE) to ensure a constant linear flow through 

Fig. 5. End-view of whiskers formed on Pyrex capillary column. 
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the last part of the column. The quality of the column can be greatly reduced if de- 
gassed solvents are not used. Due to the enlarged surface area, air bubbles can be 
adsorbed on the surface and later may be entrained in the liquid phase. Excessive 
solvent was removed by passing helium through the column for approximately SO min. 

The soft (soda-lime) @ass capillary was coated with a 4% soiution of OV-3 
in CH$X, using a dynamic coating procedure” with a Shimadzu Model MC T-1A 
treating stand. 

Gas chronra?ograplty 

A Carlo Erba Model 2300 gas chromatograph equipped with a flame ioniza- 
tion detector was used. The instrument incorporates a splitless injector with a modi- 
fied insert”‘. A pre-column containing an ultra-thin layer of non-extractable Apiezon 
L on a diatomaceous support, prepared according to Aue and Younker”’ was located 
directly in the injector to increase the sample capacity. The glass insert and column 
ends were deactivated with a low concentration of Carbowax 20M (20 &ml) prior 
to use. The column was conditioned at a slow programming rate overnight (60-260”). 

Fig. 9. Surface of etched Pyrex capillary. 
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Film%omogenity and column quafity were evaluated using a polar mixture containing 
Reynolds mixture. Column inertness was checked according to Grab” using a mix- 
ture of n-undecane, dibutyl ketone, 2-lrans-2-ethyL and 2-cis-2-ethylcyclohexanol, 
and 2,6-dimethylaniline. 

RESULTS AND DISCUSSION 

In comparison to untreated surfaces (Fi,. 0 2), ideal support media for the re- 
tention of the stationary phase were achieved by hydrogen fluoride etching. Whisker 
formations on the soft (soda-lime) glass were 2-3 pm in length, coral-like in nature, 
and relatively uniform, as shown in Figs. 3-6. Pyrex yielded finer whiskers, 3-.5pm 
in length, under the same conditions. Fairly dense, uniform silica fibres were obse_rved 
(Figs. 7-10) resembling glass wool. 

The prepared columns as described in Table I were applied to a number of 
compIex mixtures. Figs. 11 and 12 show the separation of various distillation cuts of 
Aroclors, using the OV-17 capillary column. Although it is difficult to compare two 

Fig. 10. End-view of etched Pyrex capi!kry_ 
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TABLE 1 

PHYSICAL PARAMETERS OF WCOT COLUMNS 

Parameter UnSt 

Stationary ptase - 

Flow-rate’ (helium) ml/min 
Length m 
Internal diameter mm 
Total volume ml 
Number of theoretical plates” (?J) 
Number of theoretical plates per metre (N/m) - 
Height equivalent to a theoretical plate (HETP) mm 
Partition ratio (k)“’ - 

Separation number (TZ) - 

* Dial setting of 0.7-0.8 atm (at ambient temperature). 
*I CaIcuIated for fluorene at 140’. 

*** Calculated for guorene. 

Colunzn 1 cohunn 2 

ov-17 ov-3 
4 I.4 . 

38 12 
0.50 0.24 
7.46 0.54 

228,MlO 96,500 
@xHJ 80$X 

0.166 0.13 
18 19 
47 31 

Fig. 11. Gas chromatogram of Arocior 1016 on OV-17. Temperature programmed from 140-190” at 
4”/min; 3 mm hold. For other coh~mn conditions, see Table I. 
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I k 
s 

Fig. 12. Gas chromatogsam of Amclor 1242 on OV-17. Tempenture pro_- ed from 140-190” at 
4”/min; 3 min hold. For other column conditions, see Table 1. 

different columns, the separation achieved on Aroclor 1016 was similar to that ob- 
tained by Schomburg et &.13 on a 120-m Dexsil3GQ ~01~. 

The separation bf methyl esters of fatty acids using the same c&&n is shown 
in Fig. 13. Although OV-17 is not a specific phase to effect proper separation, it is 
evident that reasonable results can be obtained for C&& esters using temperature 
programming, with reproducible retention data, symketricai peaks, and short zmaiysis 
time. Excellent separation was also achieved on a rronionic detergent formulation (Fig. 
14) containing various amounts of ethoxy groups on a-G, alkoxy moiety. 

The column prepared from soft glass zmd coated with OV-3 gave equivalent 
sepazztion on a mixture of polynuclear tiomatic hydroc&bons (Fig. IS), as previously 
experienced with a SE-52 column prepmzd by a st&ic coating method. 
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Fig. 15. Gas chromatogram of polynuclear aromatic hydrocarbons on OV-3. Temperature pro- 
grammed from 60-230” at Z”/min; 3 min hold. For other column conditions, sze Table I. 1 = Bi- 
phenyl; 2 = acenaphthene; 3 = fiuorene; 4 = phenanthrene; 5 = anthracene; 6 = 9-methylphen- 
anthrene; 7 = fluoranthrene; 8 = pyrene; 9 = benzo[&luorene; 10 = benzo[b]fIuorene; 11 = l- 
methylpyrene; 12 = triphenylene; 13 = benzofe]pyrene; 14 = ben.zo[ua]pyrene; 15 = perylene; 16 = 
dibenz[o,c]anthracene. 

CONCLUSIONS 

Surface modification of glass capillaries substantially contributes to the tech- 
nology of column preparation and provides an excellent substrate for coating. It 
would be unreasonable to believe that only one general procedure can provide suitable 
results. We are confident, however, that etching with hydrogen fluoride will produce 
reliable columns and is competitive with other treatments. 
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