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" SUMMARY

The adsorption of some polar volatile compounds on glass capillary columns

~ has been investigated. In general, silanization and etching with hydrogen fluoride or
chloride reduces the column activity only slightly. Coating of such capiifaries with
- some polar phases deactivates AR-glass but not Pyrex. As initially described by Aue

for packed columns, a thin layer of non-extractable Carbowax 20M provides a well
deactivated surface for further coating with polar or nom-polar stationary phases.

- Such deactivated non-polar capillary columns are valuable for the separation of

samples, e.g., tobacce smoke, containing both polar and non-polar compounds.

INTRODUCTIGN

Because of its inert nature, glass is a suitable material for columns used in gas
chromatography (GC) and columns of high efficiency ran be prepared!. For polar

- compounds, however, the surface of glass exhibits an undesirable activity. This is

caused to a great extent by boron, potassium and hydroxyl groups?3. The activity of
the glass surface leads to tailing of chromatographic peaks and sometimes to total

adsorption of polar compounds®®. Several methods for the deactivatior. of glass
. have been investigated, e.g., silanization, etching with hvdrogen fuoride, addition of
- surface-active agents to the stationary phase or utilization of some polar stationary
- phases. The composition of the glass is an important factor infiuencing the results

achieved?. Aue er 4l coated Chromosorb W with Carbowax 20M, after which the
material was heat-treated at 280° and then exhaustively extracted. After this treatment
the support was still coated with a thin non-extractable film of polymer. This support
was found to be a well deactivated chromatographic packing suitable for further
coating with stationary phase'®.

Some methods for the deactivation of glass capillaries have been tested and

‘compared in this investigation. Heat treatment with Carbowax 20M has been found

ta give the best result. The deactivated surface thus obtained can be coated with polar

‘or non-polar stationary phases to give inert and stable columns.
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TABELE L
FERCENTAGE COMFPOSITION OF PYREX AND AR-GLASS

Component Campasitian (%)

Pyrex 7746 AR-glass

Silicon dioxide 83.3 68.5
Eoron trioxide 12.2 £4
Aduminium oxide 2.8 432
Sodiuvm monoxide 4.0 10.8
Fotassium monoxide G4 33
Calcium monoxide 9.3 7.8
EXBPERIMENTAL

Capillaries (20 m X 0.6 mm X 0.25 mm) were drawn on & vertically operated
Schimadzu glass-drawing machine using glass tubing (6 X 2 mm]} which had been
previously cleaned in chromic acid-suiphuric acid, carefully rinsed with water and
zcetone and dried. Pyrex and AR-glass were used, the compasitions of which are
shown in Tabie I''. The capillaries were treated in various ways before coating.
Silanization was carried out in the gas phase with hexamethyldisilazane—chloro-
trimethyisilane (5:1)"2. Some capillaries were etched with gasecus HF produced by
the thermal decomposition of chlorotrifiuoroethyl methyl ether®s. Etching with HCI
was performed according to Alexander er @l.'%, and the effect of rinsing with dry
acetone after the etching!® was also examined.

The procedure of Cronin'® for the preparation of a non-extractable layer of
Carbowax 20M in a glass capiilary was slightly modified. The capillaries were etched
with gaseous HF '* to improve the wettability, and then coated dynamically at a rate
of 20 mm/sec with a solution of 5% (w/v) Carbowax 20M in freshly distilleé dichloro-
methane. The solvent of the coating solution was then evaporated slowly'; this
seemed to be necessary when coating with Carbowax 20M at room temperature since
a fast evaporation rate fed to the formation of lenses of Carbowax in the column, i.e.,
an uncven phase fayer. The ends of the nitrogen-filled capillary were sealed in a flame,
and the capillary was placed in 2n oven at 280° for 24 h. The capillary was allowed to
cool to room temverature and then the extractable part of the polymer film was
removed by rinsing the capillary successively with IS m! of dichloromethane and
{5 ml of methanol. The capillaries were then coated dynamically at a rate of 20 mm/
sec. The methyi silicones SF-96, SP-2100 and OV-101 were dissolved in toluene, the
Tuoroalky! silicone SP-2481 in ethyl acetate, the cyvanoalkyl silicone XFE-1 150 in
acetone znd the polyethylene glycol Carbowax 20M in dichioromethane. Freshly
distilied solvents were used, and the concentrations of the solutions were 10 (vivy
“or the silicones and 59 (w/v) for Carbowax 30M. o
retical p-lates were determined for Enxen_zene at‘38° ;;gzavtti e end 'number of theo-
of 15 cmyfsec. Dead re;tention time was measured i 3C;:t_ief:' o (mfrogeg} flow-rate
capacity ratio denoted the film thickne;s and the Egriby fﬂj;_c ;03 0? methane.’. T'Ffe
cated the calumn efficiency when comaaéins c‘oiuﬁ.L oy t_e.ozteticai‘pla.t o

< t E g 0 usea in this investigation. The
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columas were tested for acidity, polarity and adsorption according to Grob and
Grob'. The acidity was indicated by the relative peak areas of 2,6-dimethylaniline
and 2,6-dimethylphenol. The polarity was demonstrated by the re<sntion values of
S-nonanone, l-octanol and naphthalene {polarity mixture) relative to those of the
n-alkanes C;o~C,¢ (Kovits index). The adsorption was denoted by the peak symmetry
of the polar substances tested and of the relative peak heights. The solutions tested
contained 0.174 of the substances in hexane and I-u! amounts were injected with

a splitting ratio of 1:60, ie., ca. 15 ng were allowed to enter the column, the tempera-
ture of which was 114°.

RESULTS AND DISCUSSION

Comparison of Pyrex and AR-glass
The acidity is an important property of a column. It affects the elution of
typical acidic or basic compounds and also many so-called neutrat substances, e.g.,
slightly basic colummns are preferred for alcohals and stightly acidic for most ketones$ 5,
AR-glass columns coated directly with SF-96 were slightly basic, but silanization or
etching with HF prior to coating gave neutral columns. This may increase the column
stability, since it is possible that the silicones and polvglycols are sensitive to a basic
environment™®, It was not possible to determine the acidity of the Pyrex columns
because of strong adsorption of 2,6-dimethylaniline. These columns also adsorbed
f-octanol and no peak was obtained with this compound. The alcohol was eluted as
a peazk on AR-glass, but it showed severe tailing (Figs. 1A and IB). The ketone 3-
nonanone gave symmetrical peaks in both cases.
The adsorption properties of Pyrex were also evident when attempting to
deactivate the capillaries with polar stationary phases. Pyrex capillaries which had
aen etched with HF and coated with fluoroalkyl silicone SP-2401 or with cvanoalkyl
silicone XF-1130 gave no alcohol pezk. For columns coated with the polar phase
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Fig. 1. Gas chromatograms (FID) of a polar mixture on differeng 2¢-m capillary columns: A =
silanized Pyrex coated with SF-96; B = silanized AR-glass coated with SF-96 and C = Pyrex etched
with HF and coafed with Carbowax 20M. Temperature, 114°. Carrier gas {nitrogen) flow-rate, 15
cmyséec. Peaks: 1 — S-nonanone (sample size, ca. 15 ng); 2 = l-octanol (ea. 15 ng} and 3 = naph-
thalene (ca. 30 ng). ’ :
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Fig. 2. Gas chromatograms (FED) of 2 polar mixture on different 26-m capiilary columas: & =
AR-glass etched with HF and coated with SP-2401: B = AR-giass etched with HF and coated with
XF-1150; C = AR-giass etched with HF and coated with Carbowax 20M and D = Pyrex treated
with Nz2.O and coated with SF-96. Pezk numbers and conditions as in Fis. I.

Carbowax 20M, a peak was obtained aithough it showed tailing (Fig. 1C). AR-Glass
which had been etched with HF couid be deactivated with SP-2401 to give a slightly
tailing alcohol peak; XF-1150 and Carbowax 20M gave perfect deactivation (Figs.
24-2C).

Deactivation of the silano! groups by means of silanization had no effect on
peak shape for alcohols, thus other active centres must be present on the glass
surface®-?°, The higher activity of Pyrex might be attributed to the higher content of
boron2®?t which forms Lewis-acid sites on the surface® and is considered to exhibit a
catalytic activity®. Manv types of glass are not homogeneous, but consist of different
pheses which are in equilibrium with each other**-*2. Heating of certain borosilicate
glasses to between 550 and 700° results in a phase separation®?%, and the concen-
tration of boron on the inner surface of the Pyrex capiilaries might be higher than
in the bulk of the glass. This condition is perhaps affected by the glass-drawing pro-
cedure, e.g., long or short heating zones and vertical or horizontal mode of operation.
In AR-glass the activity might be due in part to calcium whichk forms Lewis-acid
sites®. Since the adsorption of alcokols is to some extent due to horon, a Pyrax surface
enr.ched with sodium monoxide should show less activitv. For the preparation of
such capillaries an even layer of Na,O was applied to the inner surface of Pyrex glass
tubing, and when the capillaries were drawn the Na,O became associated with the
giass. Such capillaries were basic, and showed an activity similar to that of AR-class
(Fig. 23, Table ). -

Etching with HF had little effect on the column acrivity, but it produced a
suriace sui-table _for coating with the polar stationary phases used in this investigation.
Afes e.tc.hmg, the coiumgs were_ﬁusheci with dry nitrogen at 180°. The issuing gas
was acidic for Pyrex capillaries, indicating an excess of reagent, but was neutral for
AR-glass capillaries. This was alsc the case for capillaries which had been etched
with HCI, which is in accordance with the results of Alexander and Rutten® who
founfl lthat HC‘E' has little ?ﬁ‘ect on Pyrex glass. Etching with HCI had no effect on
the column activity for aicohols, and AR-giass columns coated with SE-96 were
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TABLEIL
CHARACTERISTICS'OF SOME TYPICAL 20-m CAPILLARY COLUMNS
Column Glass Staticnary Pre- Capacity HETP® Kovdfs index Acid-base
number rype  phase treatmert ratic {mm) coundition
I-Qcranof 5-Nona-
none
i AR SF-96 — 0.56 0.364 — 1064 basic
2 AR SF-96 HF etched (.59 0.268 1087 1056 neutral
3 Pyrex SF-96 HF etchaed 0.58 0,222 — 1056
4 AR SP-2401 HF etched 0.20 0.444 1323 13138 neutral
5 AR XF-115¢ HF etched 0.29 0.400 1300 1418 neutral
6 Pyrex Carbowax HF etched — 0460 1561 1323 neutral
7 AR Carbowax HF etched — G.302 1560 1320 neutral
g Pyrex SF-96 Na.O 0.47 0.500 1631 1062 basic
g Pyrex SF-2¢ HCI etched  0.53 Q.408 — 1043 acidic
10 AR SF-9¢ Carbowax 0.40 0.323 1061 1058 neutral
i Pyrex SF-9¢ Carbowax 0.53 8.209 1064 10356 neutrat
i2 Byrex — Carbowax — 0.572 1310 1172 neutral
13 AR — Carbowax  — (3.500 1308 1170 neutral
14 AR Carbowax Carbowax — 0.308 1468 1288 reutral
i5 Pyvrex Carbowax Carbowax — 0.267 1466 1287 neutral
s Pyrex SP-2100 Carbowax G.17 0.143 1088 1064 neutral
17 Pyrex SP-2100 Carbowax 048 0.160 1069 1050 neutral
18 AR OV-101 Carbowax 047 0.166 1062 1054 neutral
ig Pyrex OV-I0! Carbowax  0.533 4,154 1059 1053 neutral

* Height equivalent te a theoretical plate.

acidic. Rinsing the capillary with dry acetone!® before coating had no effect on the
acidity.

The column efficiency is in general higher for the Pyrex columns; this might
be explained by the fact that Pyrex is less affected by etching with HF than AR-glass,
and thus possesses a smoother surface tc which the stationary phase is applied.
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Fig. 3. Gas chromatograms (FID} of a polar mixture on different 20-m Carbowax-ireated capillary

columns: A = Pyrex, etched with HF, temperature [14°; B = AR-glass etched with HF, temperature
i 30 mm/min; C, 10

114° and C — the same columa as in B. temperature 60°, Chart speeds: A and B,
mm/min. Peak numbers as in Fig. .
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Columns deactivated with Carbowax . )

The method of Aue ef ¢if for deactivation of the chromatographic support
Chromesorb W can also be applied to capillary columns, and it was used by Cronin
in order to achieve a compatible surface for subsequent coating with Carbowax 20M.
Schomburg er al. used Carbowax 20M for deactivation followed by coating ‘fr’ltb
noa-polar phases, but in this case the Carbowax was not heat-treated before extraction;
these columns could not be used at temperatures above 200°

Capillaries which were coated with Carbowax 20M, heat-treated and ez.ctracted
had very thin films. In contrast to Carbowax-coated columns befcre heating and
extraction, such Pyrex capillaries showed good deactivation (Figs. I(; and 3A).
AR-glass capillaries with this thin polymer coating showed some activity towards
I-octanol; at a lower temperature (60°) I-octanol gave a slightiy tailing peak, eluted
after naphthalene (Figs. 3B and 3C). Carbowax-treated AR-glass capillaries coated
with stationary phase exhibited no activity, capillaries coated with SF-96 gave good
alcohotl peaks (Fig. 4A) and on Pyrex the alcoho! showed slight tailing (Fig. 4B).

However, symmetrical aicohol peaks were achieved on Carbowax-deactivated Pyrex
" capillaries when the GC-grade stationary phases OV-10I and SP-2100 were used
(Fig. 4C). Furthermore, columns coated with these phases showed higher efficiencies,
and they could be used up to 230°.

The polarity of Carbowax-deactivated capiliary columns coated with SF-96
wes essentially the same as for capiilaries etched with HF and coated with this phase,
as can be seen from the Kovat index in Table IF; this was also found by Hastings and
Aue® for packed columns. However, when z thinner layer of stationary phase was
applied as on column 16 (Table II) the column polarity increased. Polar columns
could be prepared according to Cronin® (Fig. 4D).

When analyzing uastable, usually polar, compounds it is essential to use as
mild conditions as possible, e.g., low temperature. On polar phases high temperatures
are required for the elution of such polar compounds, and 2 further drawback is that
pciar phases are in general the least thermalily stable. Consequently, deactivation of
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Fiz. £. Gas chromatograms (FID} of a polzr mixture on different 20-m capiliary col :

: -oma 1D > 3 2 pilfary columins: A = AR-
giass erched with HF, treated with Carbowax and coated with SF-96; B — Pyrex etched with HE
treated with .asbowax and coated with SF-96; C = Pyrex etched with HF, treated with Carbowarz
and coated with SP-2160 and D = AR-glass etched with

1 HF, treated with Carbow
with Carbowax 20M. Peak numbers and conditions as in Fig. 1. e and costed
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Fig. 5. Gas chrgmuatogram (FID) of a fraction of the gas phase of tobacco smoke; splitting ratio,
1:80. Pyrex glass capillary column (20 m x 0.25 mm L.D.) treated with Carbowax and coated with
SE-96. Carrier gas, nitrogen. Initial temperature on injection, —70°; programmed to —10° at 20°/
min aad to 60° at-5°/min. Peaks: I = propionitrile; 2 = 2-butenai and 3 = 2,3-pentanedione.
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glass capillary columns by means of applying a polar stationary phase sometimes
invoives undesirable effects on the analysis. Moreover, in this Iaboratory, polar
columns have been found to possess lower efficiency than non-polar ones. Thus, at
present, non-polar capillary columns are preferred in most cases, provided the sup-
port is carefuily deactivated. Polar columas should be reserved for special separations,
e.g., isomers differing only in the position of hydroxy! or other typical groups. In
order to minimize adsorption and secondary reactions, the time the sample remains
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Fig. 6. Gas chromatogram (FID) of a fraction of the gas phase of tobacco smoke;‘spijtﬁngcratgo,
£:100. Tnitial temperature on injection, —70°; programmed to 07 at 20°/min aed to 105° at 5°/min.
Jther conditions as in Fig. 5. Pecks: | = 2-butanane. 2 = 3-methylbutznal and 3 = 2-methylbu-
anai,

, Time min
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in the column should be as short as possible, i.e., the column length should be adjusted
for the specific separation problem’. : )

The utility of Carbowax-deactivated capillary columns is demonstra}:ed in the
analysis of fractions of tobacce smoke (Figs. 5 and 6). Tobacco smoke s a com-
plicated mixture of many components with different polarity®*. Thus, for 2 good
separation a highly efficient deactivated column is reqguired. In order to im:prove the
analysis, the smoke was pre-separated on a packed polar column and fractions were
withdrawn and re-injected on the capillary column according to the method described
earlier®. The temperature programming and capillary column length were chosen to
minimize the analysis time, thus avoiding excessive contact between the sample and
column. Symmetrical peaks were achieved for propionitrile, 2-butenal and 2,3-pen-
tinedione (Fig. 5} and for 2-butanone, 3-methylbutanal and 2-methyibutanal (Fig. 6).
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