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SUMMARY

The effect of etching with gaseous HCI on the quality of glass capillary col-
umns made of soft soda-lime glass and coated with OV-101 and Carbowax 20M has
been studied. The quality of the columns was evaluated in terms ‘of the number of
theoretical plates, cozating efliciency and Kovits retention indices of polychlorinated
biphenyls (PCBs). The retention indices depend, inzer alia, on the time and tempera-
ture of etching of the inner walls of the capillary. Columns coated with a thin film
of OV-101 show adsorption properties resuliing in an increase in Kovidts retention
indices and are capable of separating pairs of PCBs which, when chromatographed
on columns coated with a thicker film of stationary phase, remain unresolved.

It has been found that by coupling shorter columns together, extremely efficient
columns or columns of required polarity can be prepared.

INTRODUCTION

The use of glass capillary colummns in gas chromatography has been of in-
creasing interest in recent years!-2. Glass capillary columns are ofien used for the
separation of complex mixtures in environmental samples and in clinical, food and
fiavour chemistry®. Prior to coating, the inner surface of glass capillary columns is
most often etched with hydrogen chloride®> or methyl triffuorochloroethy! ether
(CH;OCF,CHFCI)®. Good results have been obtained by coating the inner wall of the
colamn with colloidal silicic acid’® and graphitized carbon black®.

It follows from published results that soft soda-lime glass is the most suitable
column materizl when etching with gaseous HCl is to be applied®-5, The etching pro-
cedure considerably improves the wettability of the glass surface with polar stationary
phases, because a layer of microcrystalline sodium chloride is formed3+*. This layer
has been studied by scanning electron microscopy (SEM), analyzed by means of
EDAX (energy dispersive X-ray analyzer) elemental analysis??, and it has been proved
that crystals on the etched surface consist mainly of sodium chloride. Obviously,
sodium chloride on the glass surface is formed by the reaction

—Si—ONa + HCI —e= —Si—QOH + NaClt

TH7r
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The liberated free SiOH groups, which are the source of adsorptive properties of the
glass, with a negative effect on the properties of capillary columns coated with non-
polar stationary phases, can be eliminated by silanization!-!2) by coating the active
centres with surface-active agents!, by addition of a polar stationary phase!''!? or by
increasing the film thickness of the layer of stationary phase!s.

‘When coating capillary columns, the best results were obtained with non-polar
stationary phases. With these stationary phases, mainly polydimethylsiloxanes {OV-1,
OV-101 and SE-30), columns with 20004000 theoretical plates per meire for capacity
ratios greater than 2 could be prepared, which is a substantially beiter column ef-
ficiency than that usually achieved with metal capillary columns coated with the same
phases!. Very good results could also be obtained when glass capillary columns were
coated with some polar phases®>8%%!2 and very efficient and thermally stable col-
umns were found to be those coated with Carbowax 20M (ref. 14), the efficiency being
almost as good as that of polydimethylsiloxane columas.

In the analysis of polychlorinated biphenyls (PCBs), we have previously tested
glass and metal capillary coiumns coated with OV-101. It was found that glass col-
umns were much more efficient and showed longer lifetimes at temperatures of about
470 °X than metal columns coated with the same stationary phase's.

The aim of the present work was to study the effect of the most important
variables (temperature and the etching time of the inner surface of the column with
HCI) on the properties of capillary columns coated with OV-101 and Carbowax 20M
in the analysis of PCBs.

EXPERIMENTAL

Capillary columns were drawn by a machine that was a modified version of
the type proposed by Desty et 2l.}°. The drawing machine was constructed at the
Institute of Analytical Chemistry, Czechoslovak Academy of Science (Brno,
Czechoslovakia). The capillaries were drawn from soda-lime soft glass (Unihost and
PN glasses, Jablonec Glass Works, Czechoslovakia). Prior to drawing, the glass
tubing was cleaned by rinsing it with chromic acid. The acid was washed out with
water, then the tubes were washed with acetone and dried using a water pump. The
composition of the glass material used is summarized in Table 1.

TABLE1
CHEMICAL COMPOSITIONS (%) OF THE GLASSES USED

Component Type of glass

Unikost PN

Sio; 68.6 67.0
B.O: — 2.0
ALO; 3.9 3.0
Cz0 S5 6.5
MzO 29 -

ZrO - 8.0
Na; 0 i7.8 i3.5

K.0 i3 -
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The tobes were 0.7-1.5 m long with 7-8 mm O.D. and 2-3 mm LB. From
these, capillaries up to 75 m long with 0.8-1.1 mm O.D. and 0.20-0.35 mm LD. were
drawn.

Glass capiliary column I.D. measurements

With the aid of compressed nitrogen and a burette, the capillary was filled
with dichloromethane. Using the equation 4 = 2V'V/(zL), where V is the known
volume of dichloromethane and L is the length of the capillary, the mean inner
diameter (d) was calculated with an accuracy of +-29,.

Etching of glass capillaries with gaseous HC!

Gaseous HCI, generated from dry sodium chloride and sulphuric acid, was
forced through the capillary. After the appearance of HCI at the end of tubing (indi-
cated by wetted reagent paper), passage of HCI through the capillary was continued
for a further 2 h and then the amount of air present in the tube was determined by
the test of Alexander er al.*. Usually more than 999 of the capillary volume was filled
with HCL Both ends of the filled capillary were sealed using a micro-burner and the
column was heated in a thermostat with a forced air circulation for 2-42 h at 523-
653 °K.

Prior to the coating procedure, the capillaries were activated, while nitrogen
was passed through them, with the temperature programmed from 323 to 433 °K at
5 °K/min. The etched surfaces were studied using SEM and an X-ray microanalyzer.

Dynamic coating procedure

The capillaries were coated dynamically using 0.15-3 ml of 2 10-20%; solution
of the stationary phase in n-hexane or chloroform at a flow-rate 0.3-0.5 cm/sec!’.
Uitra-thin-film capillary columns were prepared by a modified dynamic procedure as
proposed by Schomburg and Husmann?*. The solution of stationary phase (0.15-0.30
ml of 10-209%/ solution) was sucked into the capillary followed by a plug of mercury
(2-5 cm). The vacuum was discontinued and the mercury plug was pushed through
the column by means of compressed nitrogen at a rate of 0.3-0.5 cm/sec.

Column conditioning and testing

The columnas were conditioned at a nitrogen flow-rate of 0.5 ml/min with the
temperature programmed from 323 to 533 °K at the rate of 4 °K/min and maintained
isothermally at 533 °K for 60 min. The column efficiency was characierized by
separating a mixture of PCBs at a carrier gas flow-rate 0.3-0.5 ml/min. The column
efficiency was measured in terms of the number of theoretical plates. The coating ef-
fictency was calculated according to Etire'”.

Gas chromatography
The instrument used was an Erba Science (Carlo Erba, Milan, Italy) Fractovap

Model 2300 gas chromatograph equipped with a flame-ionization detector and a
stream splitter. Glass capillary columns were connected to the splitter and to the
detector by means of shrinkable PTFE tubing. The retention times were measured
with a stop-waich. The carrier gas flow-rate was calculated from the known column
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volume, ¥, and the retention time of methase, 7y, using the equation F = F/eu.
For determinations of Kovdts retention indices, methane and alkanes were injected
together with the sample of PCBs. The characteristics of the capillary columns are
given in Tables IT and III.

TABLE II

CHARACTERISTICS OF COLUMNS COATED WITH 0OV-101

The columns used were as follows. No. 1: PN glass, length 28 m, 1.D. 0.25 mm, etched 4 h at 623°K,
coated dynamicaily with 0.3 ml of 1094 OV-101 solution in n-hexane. No. 2: PN glass, length 29 m,
LD. 0.25 mm, etched 4 h at 623°K, coated dynamically with 3.0 ml of 10, OV-101 solution in
r-hexane. No. 3: PN glass, length 29 m, I.D. 0.25 mm, etched 4 h at 823°K, coated dynamically
with 3.0 m! of 109 OV-101 solutien in n#-hexane. No. 4: Unihost glass, length 74 m, 1.D. 0.25 mm,
inside volume 3.5 ml, etched 1 h at 373°K and 24 h at 573°K, coated dynamically with 0.15 m! of
209, OV-101 solution in chloroform using Hg plug at a rate 0.3 cm/sec. No .5: Unihost glass, length
70 m, 1.D. 0.25 mm, inside volume 3.5 ml, etched 1 hat 373°K and 24 h at 573°K, cocated dynamically
with 0.15 ml of 2094 OV-101 solution in chloroform using Hg plug at a rate 0.3 cmfsec. No. 6:
Unihost glass, length 70 m, 1.D. 0.25 mm, inside volume 3.53 ml, etched 1 h at 373°K and 24 h at
573°K, coated dynamically with 0.15 ml of 203, OV-101 solution in chicroform using Hg plug at a
rate 0.3 cm/sec. No. 7: Unihost glass, length 66 m, 1.D. 0.25 mm, inside volume 3.38 m], eiched 2 h
at 623°K, coated dynamically with 0.3 ml of 109, OV-101 solution in n-hexane. & = capacity ratio;
n = efficiency in theoretical plates; L = column length.

Column No. k n nfL  Coating efficiency (%

1 1.80 61,100 2260 —
3%0 57,7600 2140 -—
598 56,300 2100 —

2 1.68 68,000 2340 —
224 70,300 2420 —
405 63,500 2200 —

3 105 119,200 4770 —
2.00 113,800 4550 -—
3.44 89,800 3590 —

4 2.53 255,200 3420 65.5
5.08 241,300 3230 68.6
8.53 196,360 2630 58.4

5 0.50 320,100 4560 &8.4
1.36 307,800 4385 73.8
2.03 249,000 3547 655

6 146 204,800 2930 50.t1
2.61 176,000 2510 487
7 248 - 262,900 3980 764

6.36 213,500 3230 724
8.28 201,800 3060 68.5

Study of etched surfaces

For the studies of the glass capiliaries after etching with gascous HCL, a JEOL
JXA-5A X-ray microanalyzer and a JEOL ISM-U3 scanning clectron micrascope
(Jeol, Tokyo, Japan) were used. The SEM instrument (biony"z Stir Institute of Geol-
ogy, Bratislava, Czechoslovakia) was used in cooperation with Dr. Svec.
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TABLE II

CHARACTERISTICS OF COLUMNS COATED WITH CARBOWAX 20M

The columns used were as follows. No. 8: Unihost glass, length 54.6 m, £.D. 0.26 mm, inside volume
2.78 ml, etched 1 h at 373°K and 24 h at 573°K, coated dynamically with 0.15 m! of 10% Carbowax
20M solution in chloroform using Hg plug at a rate 0.36 cm/sec. No. 9: Unihost glass, length 51.8 m,
1.D. 0.25 mm, inside volume 2.87 ml, etched 1 h at 373°K and 24 h at 573°K, coated dynamically
with 0.15 ml of 109 Carbowax 20M solution in chloroform using Hg piug at a rate 0.33 cm/sec.
No. 10: Unihost glass, length 53 m, 1.D. .19 mm, inside volume 1.50 ml, etched ! h at 373°K and
24 h at 573°K, coated dynamically with 0.15 ml of 107/ Carbowax 20M solution in chloroform using
Hg plug at a rate 0.33 cm/sec. No. 11: Unihost glass, length 67.5 m, L.D. 0.24 mm, inside volume
2.90 ml, etched 1 h at 373°K and 24 h at 573°K, coated dynamically with 0.15 m! of 109 Carbowax
20M solution in chlorcform using Hg plug at a rate 0.28 cmyfsec. No. 12: Unihost giass, length 70 m,
1.D. 0.21 mm, inside volume 2.35 mi, etched 1 h at 373°K and 24 h at 573°K, coated dynamically

with N 18 ml AF 1NY%/ Cochawuay NS cnlution in chlarafinemn ncine e nliug at a rata 0 L0 Ao fean
Wit V. 1D iz UL 1V /p LadluOwans 2uUivl SUIUUULL it CinUIULULEHL UuSillg 11 pPlugs Gt a4 1Gie v.5aU Cliy .

Column No. k n nfL.  Caating efficiency (%)
8 1.96 247,200 4530 84.7
3.58 167,700 3070 63.9
9 1.68 238,500 4600 85.5
484 181,500 3500 78.5
10 224 161,400 3045 436
465 140,600 2600 430
11 1.59 230,000 3430 55.7
2.92 200009 2980 54.7
12 1.51 293,100 4200 593

2.67 226,100 3230 51.7

RESULTS AND DISCUSSION

We have previously demonstrated that glass capillary columns coated with
OV-101 siationary phase are suitable for the analysis of PCBs!S. The columns used
were prepared by etching their surface with methy! trifluorochloroethyl ether. As it
is difficult to ensure the reproducibility of the filling and the etching of the column
with the ether with this technique, we have made more extensive studies of glass cap-
illary columns prepared from capillaries etched with HCL. The etched column surface
was monitored by local electron microanalysis and scanning electron microscopy. The
etched capillaries were coated dynamically. The reproducibility of column preparation
and the effects of several variables on the quality of the columns prepared were tested
by the separation of a mixture of PCBs (by the number of theoretical plates for peaks
9, 21 and 38 in Fig. 1) and by determining the Kovits retention indices of the PCBs.

It was found that some pairs of PCBs could not be separated on columns
coated with OV-101, even though the columns used showad extremely good efiiciencies.
Therefore, the possibility of separating chlorinated biphenyls on capillary columns
coated with polar stationary phases was also studied. Of the polar stationary phases
tested in preliminary experiments, the best results were obtained with Carbowax 20M,

Columns with non-polar stationary phase (OV-101)

The separation of a mixture of PCBs (Aroclor 1242) together with C,—C,, -
alkanes on a capillary column coated with OV-101 stationarv phase is shown in Fig. |
{column No. 7). This column was prepared using a capillary etched with HClfor Zh
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Fig. 1. Separation of components of Aroclor 1242 on a glass capillary column coated with OV-101
at 473°K (column No. 7). For peak numbering, see Table IV.

at 623 °K. It can be concluded, by comparing the results obtained by separating the
same mixture of PCBs on a capillary column coated with OV-101 and having its
surface etched with methyl trifluorochloroethyl ether!> with those in Fig. 1, that the
quality of the resolution of PCBs does not differ significantly.

In order to establish the effect of the variables on etching of the column surface
with HCI and methy! trifluorochloroethyl ether, Kovits retention indices of PCBs on
both columns were compared. Table IV gives the Kovidts retention indices of PCBs
found at 473 °K on column No. 7, together with published data'. The retention
incices obtained for the column with its surface etched with gaseous HCI (column
No. 7) were found to be lower than those for the column with the surface etched with
methyl trifluorochloroethyl ether. It can be seen from the standard deviations (Table
1V) that the fluctuations in the operating conditions during gas chromatography
affects the variation of the results by less than -1 index unit.

Table V shows the Kovdts retention indices of the main components of Aroclor
1242 found at 473 °K for columns coated with OV-101. The conditions of etching
with HCI were identical. From the rstention indices found for columns Nos. i, 2 and
3 an average value I = ({; + I, + I)/3 and standard deviation (¢) were calculated.
It follows from the results in Table V that the reproducibility of the preparation of
the columns (expressed in terms of the retention indices of PCBs) afier some
standardization of the operating procedures can be better than -1 index unit. The
last column in Table V gives the retention indices of PCBs obtained on a column made
by coupling together columns Nos. 1, 2 and 3 (this coupling gave a 86-m long col-
uma having an efficiency of 261,200 theoretical plates for a capacity ratio & = 2.19,
corresponding to about 3040 theoretical plates per metre). Moreover, the results show
that by coupling individual columns together using shrinkable PTFE tubing, the reten-
tion indices were not affected significantly.

A comparison of the retention indices in Tables IV and V shows that they are
also different when the process of etching the capillary surface with HCl was conducted
at ihe same temperature but for a different period of time (the retention indices found
for columns Nos. 1, 2 and 3, etched 2t 623 °K for 4 h, are hlgher than those found for .
column No. 7, etched at 623 °K for 2 h).
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KOVATS RETENTION INDICES {f) OF MAIN COMPONENTS OF AROCLOR 1242 MEA-
SURED ON CAPILLEARY COLUMNS COATED WITH OV-10t STATIONARY PHASE AT
473°K

Peak  Structure Column No. 7 I (rof. 1I5)
No. I Standard
deviarion
(7)

6 2,2 16216 04 16258

8 2,37 16860 0.7 1690.0

9 2,4 16369 0.6 1700.9
10 2,2°.6 1731.8 04 1735.8
11 2,25 17722 0.1 1776.2
12 44 +223 17774 02 1781.8
14 2,23 1805.8 0.6 1810.0
17 2,33 1839.2 07 18436
18 2,3°'.4 18442 0.7 1848.8
19 2,45 1853.3 04 1858.1
20 244 1856.7 0.6 1861.1
21 2,34 1873.2 0.3 1878.1
22 - 1884.3 04 1890.2
23 — 18947 04 1899.7
24 — 1207.5 04 19125
25 2,2°,5.5 1218.3 0.1 1922.7
26 2,2°.4,5% 1926.6 0.1 1931.3
27 2,2° 4.4’ 1932.7 0.6 1937.1
28 — 19356 0.3 1939.1
29 2,2.,3,5° 19530 03 1958.1
30 2,234 1958.5 0.7 1965.2
31 — 1975.1 0.2 1980.1
33 2,2.3,3 1987.4 0.7 19927
37 — 2020.5 04 2025.7
38 2,37,4°,5 20259 0.5 2031.3
39 — 20318 0.6 2037.4
41 — 2059.0 0.1 2065.3

As we have found that the reproducibility of the column preparation is sig-
nificantly affected by the temperature at which the etching was performed, this
process was carried out in a thermostat with a forced air circulation.

Table VI shows the Kovits retention indices of PCBs measured in three capil-
lary columns coated with OV-1Cl at 473 °K. The conditions of etching with HCI
were identical and the procedure applied was that used by Badings ez al.'°. It can be
seen that the highest retention indices were found for column No. 5, which had the
thinnest film of stationary phase (¢ = 2.03 for peak 37, Fig. 1), while the lowest re-
tention indices were found for column No. 4, which had the thickest film (X = 8.53
for peak 37, Fig. 1). The data in Table VI also show that, when the surface of the glass
column is etched with HCl using the procedure suggested by Badings ef a7 % and coated
with a thin film of a non-polar stationary phase, the process of separation is governed,
inter alia, also by the adsorption properties of the walls of the capillary cclumns.
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TABLE V

KOVATS RETENTION INDICES (/) OF MAIN COMPOI;IENTS OF AROCLOR 1242 MEA-
SURED ON CAPILLARY COLUMNS COATED WITH OV-101 STATIONARY PHASE AT
473°K o

Peak  Column No. 7 c A
No.
> 7 2 3

8 16237 1624.2 1624.0 16240 0.5 1624.0

9 1698.3 1698.7 1699.0 1698.7 0.5 1698.9
10 17336 17342 17339 17339 04 17338
1 17740 17742 17742 17741 0.1 17744
12 1778.8 17789 1779.2 1779.0 03 1779.5
14 1807.1 1807.5 1807.5 18074 03 18075
17 1840.7 1841.3 1841.3 1841.1 0.4 18412
18 1845.7 18456 18454 18456 0.2 18463
19 18556 1855.7 18555 1855.6 0.1 1855.2
20 1858.5 1858.4 18590 1858.6 0.4  1858.7
21 1875.3 18753 1875.2 18753 0.2 18746
22 1886.4 1886.7 1886.0 18864 0.5 1887.0
23 1857.0 18974 1896.8 1897.1 0.3 1897.0
24 1909.7 19104 15099 19100 0.3 19096
.25 1920.2 1920.3 19200 1920.2 6.2 1920.5
26 1928.5 1928.7 1928.2 19285 0.4 192838
27 1935.1 19348 19347 19349 04 19344
23 1937.3 1937.8 1937.0 19374 0.5 1937.6
29 1955.2 19552 19557 19555 0.1 1955.5
30 19614 19614 19613 19614 0.1 1961.5
21 1977.1 1977.3 1976.8 15771 03 1976.5
37 20224 2022.5 2022.1 20223 0.3 2022.6
33 2028.1 2028.6 2028.2 2028.3 0.4 2028.2
39 2034.2 20344 2034.1 2034.2 03 20339
41  2051.5 2061.8 2061.4 20616 0.3 20615

* Retention indices with columns Nos. 1, 2 and 3 coupled together (sec text).

The separation of Aroclor 1242 on capillary column No. 4 coated with OV-101
at 473 °K is shown in Fig. 2.

It follows from a comparisod of Figs. 1 and 2 that on the capillary column
coated with a thin film (column No. 4) of OV-101 some of the peaks were split (peaks
Nos. 12, 14 and 30). The splitting disappeared when the capillary was coated with a
thicker film of the stationary phase. This observation agrees with the conclusions of
Franken and Rutten'3, drawn from the separation of PCBs at extremely low substance
concentrations on glass capillary columns coated with SE-30.

A comparison of the surface of the capillary etched with HCI at 573 °K for
4 h (Fig. 3) with that resulting from etching of the surface for 24 h {Fig. 4) shows some
changes in the crystal structure as a function of the heating time.

By coupling together columns Nos. 4 and 6, a 144.4-m long column with an
efficiency of 471,290 theoretical plates (for peak 37, with a capacity ratio & = 4.12)
was obtained. When PCBs were separated on this capillary column, peaks 12, 14 and
30 (Fig. 5) remained unresolved.
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TABEE VE. -

KOVATS RETENTION INDICES OF MAIN COMPONENTS OF ARCCLOR-1247 MEA-
SURED ON CAPILLARY COLUMNS COATED WITH OV-101 STATIONARY PHASE AT

p -

4 5 6

6 1620.7 16314

9 16929 1698.3 1698.0
10 1726.5 17325 17314
11 1765.7 17136 17728
12 1770.5 1778.6 1777.5
14 1797.6 18065 18053
17 18325 18423 18402
18 1837.7 18486 18459
19 18473 18562 18545
20 1850.4 1850.8 1858.1
21 1868.6 1875.5 18739
2 1879.6 1887.0 1885.5
23 1890.3 1895.7 18949
24 1503.5 19087 1907.1
25 19150 1922.1 1917.8
26 1923.6 1929.8 1928.0
27 1929.6 19354 19335
28 1932.7 19368 193538
29 1951.1 1956.3 1954.5
30 1957.5 1961.8 1960.5
19650 1963.5
31 1973.8 1976.5 1975.6
37 2020.4 2024.6 Z0ZZ.5
38 20260 2030.1 2029.0
39 2031.8 2036.4 2034.7
41 2050.1 2063.2 20620

1"

Fig. 2. Separation of components of A:oclor 1242 on a glass capillary column coated with OV-101
at 473°K {cclumn No. 4).
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Fig. 4. Scanning electron micrograph of the inner wall of a glass capillary etched for 24 h at 573°K.
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TABLE VH , ]
KOVATS RETENTION INDICES OF SOME COMPONENTS OF AROCLOR 1242 MEA-
SURED ON CAPILLARY COLUMNS COATED WITH CARBOWAX 20M STATIONARY
PHASE AT 475°K

Peak No. Columnr No.
8 2 19

1 20203 2019.3 20134
2 2158.7 21589 21520
3 22649 22559 22577
4 22829 22834 2275.7
5
6

2332.1 23325 23248
24186 24155 24112
2488.1 2489.1 2481.2

10 25294 2530.3 2509.9
12 2563.2 2565.4 25363
17 2611.3 26128 2604.5
20 26529 2653.6 2645.2
21 2658.0 2658.5 2650.1
22 2670.8 2672.1 2663.2
23 2682.4 2683.6 26744
24 2685.4 2686.8 2677.6
25 27205 27217 27124
26 27406 27416 27323
27 27570 2757.7 27434
28 2766.6 2767.2 2757.8
29 2780.0 2781.0 27713
30 27829 2783.7 27740
31 27927 27939 27835

Columns with polar stationary phase (Carbowax 20M)

The thermal stability of capiliary columns coated with Carbewax 20M was
studied by Schomburg and Husmann'é. They found that on heating for 204 h at
473 °K, the capacity ratio of n-dodecane changed from the original valve of £ = 1.87
to 1.64 and the Kovats retention index of n-butanol at 353 °K changed from 1131 to
1116. It is thus obvious that the reproducibility of the preparation of the columns
depends on the standardization of all operating procedures and that th> properties of
Carbowax 20M columns are also altered by ageing. In spite of this, separation of
PCBs on a column coated with Carbowax 20M provides useful complementary
information for the identification of PCBs in environmental analysis.

Fig. 6 shows the separation of Aroclor 1242 on a capillary column coated with
Carbowax 20M at 473 °K (column No. 8). The peak numbering in Fig. 6 is different
from that in Figs. 1-3.

A comparison of the data in Tables II and I shows that the efficiency of
capillary columns coated with Carbowax 20M is comparable with that of columns
coated with OV-101.

The Kovdts retention indices found for PCBs (Table VII} differ significantly
despite the fact that the etching procedure applied was identical and the film thickness
of the phase does not differ significantly (the capacity ratio for peak 12 in Fig. 6
changes for the columns in Fable VII from k& = 3.58 to 4.65).
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Column coupiing provides a means for obtaining a column of required polarity.
Fig. 7 shows the separation of Arcclor 1242 on a capillary column resuiting from cou-
pling column No. 7 (OV-101) with column No. 11 {Carbowax 20M). The column thus
obtained showed for peak 15, with a capacity ratio & = 2.14, an efficiency of 487,000
theoretical plates.

The identification of PCBs present on chromatograms obtained using Carbo-
wax 20M glass capillary columns is currently being studied and the results will be
published later.
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