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SUMMARY 

The eEect of etching with gaseous HCi on the quality of glass capillary col- 
umns made of soft soda-lime glass and coated with QV-101 and +rbowax 20M has 
been studied. The quality of the columns was evaluated in terms of the number of 
theoretical plates, coating efficiency and Kovits retention indices of polychforinated 
biphenyls (PCBs). The retention indices depend, inter c&z, 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 resulting in an increase in Kovdts retention 
indices and are capable of separating pairs of PCBs which, when chromato_mphed 
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. 

-- 

JNFRODUCE1IOM 

The use of glass capillary columns in gas chromatography has been of in- 
creasing interest in recent years ls2. Glass capikry columns are often used for the 
separation of compiex mixtures in environmental sampIes and in clinkal, food and 
ffavour chemistry3. Prior to coating, the inner surface of glass capillary columns is 
most often etched with hydrogen chloride4*5 or methyl trifluorochloroethyl ether 
(CH$3CF~CHFC1)6. Good results have been obtained by coating the inner wall of the 
column with colloidal silicic acid’ms and graphitized carbon biackg. 

It follows from published results that soft soda-Lime glass is the most suitable 
colrnmn mzterizf whm etching with gaseous HCI is to be appfied’-5. The etching pro- 
cedure considerably improves the wettabibty of the glass surface with polar stationary 
phases, because a layer of microcrystalline sodium ch!oride is formed3*l. This layer 
has been studied by scanning electron microscopy (SEM), analyzed by means of 
ED- (energy dispersive X-ray analyzer) elemental analysisJo, and it has been proved 
that crystals on the etched surface consist mainly of sodium chloride. Obviously, 
sodium chloride on the glass srrrface is formed by the reaction 
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The liberated free SiOH groups, which are the sourc&of adsorptive properties of the 
glass, with a negative effect on the properties of capillary columns coated with non- 
polar stationaj phases, can be eliminated by silanization11*12, 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 phase13. 

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 2ON+KlOO theoretical plates per metre for capacity 
ratios greater than 2 could be prepared, which is 2 substantially better column ef- 
ficiency than that usually achieved with metal capillary columns coated with the same 
phase@. Very good results could also be obtained when glass capillary columns were 
coated tith some polar phasesZ=s*s*g*12, and very efficient and thermally stable col- 
umns were found to be ‘rhose coated with Carbowau 20M (ref. 14), the efficiency being 
almost as good as that of polydimethylsiioxane columns. 

In the analysis of polychlorinated biphenyls (PCBs), we have previousty tested 
glass and metal capillary columns coated with OV-101. It was found that glass col- 
umns were much more efZcient and showed longer !ifetimes at temperatures of about 
470 “K than metal columns coated with the same stationary phase”. 

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 
HCl) on the properties of capillary co!umns coated with OV-101 and Carbowax 20M 
in the aqlysis of PCBs. 

EXPERIMENTAL 

Capillary columns were drawn by a machine that was a modified version of 
the type proposed by Desty et al. 16. 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 I. 

TABLE I 

CHEMICAL COMPOSITIONS (%) OF THE GLASSES USED 

G7mponent Type of ghs 

UShost PN 

68.6 67.0 
- 2.0 
3.9 3.0 
5.5 6.5 
2.9 - 

8.0 
17.8 13.5 
1.3 - 
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The tubes were 0.7-1-5 m long with 7-8 mm 8-D. and 2-3 mm I.D. From 
these, capillaries up to 75 m long with 0.8-1.1 mm G.D. and 0.20-0.35 mm I.D. were 
drawn. 

Glass capihry co!mnn I.D. measurements 
With the aid of compressed nitrogen and a burette, the capillary was filled 

with dichloromethane. Using the equation d = 2dV,&L.), where V is the known 
voIume of dichloromethane and L is the length of the capillary, the mean inner 
diameter (d) was calculated with an accuracy of f2%. 

Etching of glass capillaries with gaseous HCl 
Gzzseous 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 I-ICI 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 et al.“. Usually more than 90 % of the capillary volume was tilled 
with I-ICI. Both ends of the tilled capillary were sealed using a micro-burner and the 
column was heated in a thermostat with a forced air circuIation 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 capil!aries were coated dynamically using O-15-3 ml of a 10-20 % solution 

of the stationary phase in n-hexane or chloroform at 2 flow-rate 0.3-0.5 cm/set”_ 
Ultra-thin-film capiiktry columns were prepared by a modified dynamic procedure as 
proposed by Schomburg and Husmann _ I4 The solution of stationary phase (0.15-0.30 
ml of 10-20’~ soiution) was sucked into the capillary followed by 2 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/set. 

Column condirioning and testing 
The columns 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 characterized 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- 
ficiency was calculated according to Ettre”. 

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

Model 2300 gas chromato_+-aph equipped with a flame-ionization detector and a 
stream splitter. Glass capillary coiumns were connected to the splitter and to the 
detector by means of shrinkable PTFE tubing. The retention times were measured 
with a stop-watch. The carrier gas flow-rate was calculated from the known column 
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vohme, V, and the retention time of methane, txn, using the equation Ebr = g/t,. 
For determinations of Kovdts retention indices, me’&ane and aikanes were injected 
together with the sample of PCBs. The characteristics of the capillary columns are 
@ien in Tables 11 and III. 

TABLE II 

CHARACTERISTICS OF COLUMNS COATED WITH OV-101 
The columns used were as follows. No. 1: PN @ass, length 28 m, I.D. 0.25 mm, etched4 h at 623”K, 
coated dynamically with 0.3 ml of 10% OV-101 solution in n-hexane. No. 2: PN glass, length 29 m, 
I.D. 0.25 mm, etched 4 h at 623”K, coated dynamically with 3.0 ml of 10% OV-101 solution in 
n-hexane. No. 3: PN glass, bngth 29 m, I.D. 0.25 mm, etched 4 h at 623”K, coated dynamicaily 
v&h 3.0 m! of 10% OV-iO1 solution in n-hexane. No. 4: Unihost glass, length 74 m, I.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 ml of 
20% OV-101 solution in chloroform using Hg plug at a rate 0.3 cm/set. No -5 : Unihost g&s, length 
70 m, I.D. 0.25 mm, inside volume 3.5 ml, etched 1 h at 373°K and 24 hat 573YL, ccafed dynamkally 
with 0.15 ml of 20% OV-101 solution in chloroform using Hg plug at a rate 0.3 cm/xz No. 6; 
Unihost glass, length 70 m, I.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 20% OV-101 solution in chloroform using Hg plug at a 
rate 0.3 cm,kc. No. 7: Unihost glass, Iength 66 m, I.D. 0.25 mm, inside volume 3.38 ml, etched 2 h 
at 623”K, coated dynamically with 0.3 ml of 10% OV-101 solution in n-hexane. k = capacity ratio; 
n = eEciency in theoretical plates; L = c&mm length. 

Cffbnn No. k n n/L Coating eficienc~ (%) 
~- 

1 1.80 61,100 2260 - 
390 57,7GO 2140 - 
598 56,900 21W - 

2 1.08 68,000 2340 - 
2.24 70,300 2420 - 
4.05 63,900 2200 - 

3 1.05 119,200 4770 - 
2.00 113,800 4550 - 
3.44 s9,soQ 3590 - 

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

5 0.90 320,100 4560 68.4 
1.36 307,800 4385 73.8 
2.03 249,OW 3547 65.5 

6 1.46 204,800 2930 50.1 
2.61 176,OfM 2510 48-7 

7 2.4s . 262,900 3980 76.4 
6.36 213,SCKl 3230 714 
8.28 201,800 3060 68.5 

Study of etched surfaces 

For the siudies of the glass capillaries after etching with gaseous HCI, a JEQL 
JYA-S-4 X-ray microanalyzer and a JEOL JSM-U3 scanning electron microscope 
(Jeol, Tokyo, J2pan) were used. The SEM instrument (&on% St& Institute of Geol- 
ogy, Brat&lava, Czechoslovakia) was used in cooperatidd with Dr. &xc. 



The columns used were as follows. No. 8: Unihost gIass, Ien& 54.6 m. LD. 0.26 znm, inside volume 
2.78 ml, etched 1 h at 373°K and 24 h at 573X, coated dynamically with 0.X ml oC CO% Carbowax 
2OM solution in chloroform using Hg plug at a rate 0.36 cm[sec. No. 9: Unihost g&s, Iength 51.8 m, 
LD). 0.25 mm, inside vohune 2.87 mI, etched 1 h at 373°K and 24 h at 573X, coated dynamically 
with 0.15 ml of 10% Carbowax 20M solution in chloroform using EEg plug at a rate 0.33 cm/see. 
No. 10: Umiost g&s, Iength 53 m, I.D. 0.19 mm, inside volume I.50 ml, etched I h at 373°K and 
24 hat 573X, coated dqnamicalty with 0.15 ml of 10% Ckrbowa~ 2OM soiution in chloroform using 
Hg plug at a rate 0.33 cm/set. No. I I : Unihost *&sss, Iength 67.5 m, I.D. 0.24 mm, inside volume 
2.90 XIII, etched 1 h at 373’K and 24 hat 573OK, coated dynamicaIIy with 0.15 mI of 10% Carbowax 
20M solution in chioroform using Hg plug at a rate 0.28 cm/set. No. 12: Unihost &ss, length 70 m, 
I.D. 0.21 mm, inside volume 2.35 ml, etched t h at 373°K and 24 h at 573”K, c~oated dynamicaIIy 
with 0.15 ml of 10% Carbowax 20M solution in chloroform using Hg pIug at a rate 0.40 cm/set. 

Colmm No. k n nfL Couting e&kiency (%) 

8 1.96 247,200 
3.58 167,700 

9 1.68 238,500 
4.84 181,500 

10 2.24 161,4&l 
4.65 140,600 

11 1.59 230,000 
2.92 2@o,oW 

12 1.51 293,100 
2.67 226,100 

54.7 
63.9 
85.5 
78-5 
433.6 
43.0 
55.7 
54.7 
59.3 
51.7 

RESULTS AND DISCUSSION 

We have previously demonstrated that glass capillary coIumns coated with 
OV-101 s’ationary phase are suitable for the analysis of PCBslS. The columns used 
were prepared by etching their surface with methyl trifluorochloroethyl ether. As it 
is difiicult to ensure the reproducibility of the filling and the etching of the coIumn 
with the ether with this technique, we have made more extensive studies of glass cap- 
illary columns prepared from capillaries etched with KC!. 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 efkcts 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 Kovaits 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 cohnnns used showed extremely good efficiencies. 
Therefore, the possibility of separating chlorinated biphenyls OR capiliary columns 
coated with polar statioaary phases was also studied. OF the polar stationary phases 
tested in preliminary experiments, the best resuks were obtained with Carbowax 20M. 

Cokzmns with non-polar stationary pk%e (0 V-‘-101) 
The sephtion of a mixture of PCBs (Aroc!or 1242) together with C,,-C= n- 

allcanes on a capillary column coated with OV-101 statio1~~,7r phase is shown in Fig. 1 
(column No. 7). This column was prepared using a capillary etched with HCI for 2 h 



Fig. 1. Separation of components of Aroclor 1242 on a glzss capillary column coated with OV-101 
at 4i3”K (columr~ No. 7). For peak numbering, see ‘Fab!e IV. 

at 623 “K. It can be concluded, by comparing the results obtained by separating the 
same mixture of P43Bs on a capil!ary column coated with OV-101 and having its 
surface etched with methyl trifluorochloroethyl etherI with those in Fig_ 1. that the 
quality of the resolution of PCBs does not diEer significantly. 

In order to establish the effect of the variables on etching df the column surface 
with HCl and methyl trifluorochloroe’&yl ether, Kovdts retention indices of PCBs on 
both columns were compared. Table IV gives the Kovats retention indices of PCBs 
found at 4?3 “K on column No. 7, together with published dataz5. The retention 
indices 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 trifluorochioroethyl ether. It can be seen from the standard deviations (Tab!e 
IV) 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 #ov&s 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 retention indices found ~for columns Nos. i+ 2 and 
3 an average value I = (1, t 1, + I,)/3 and standard deviation-(~) were calculated. 
It follows from the results in Table V that the ieproducibility of the preparation of 
the columns (expressed in terms of the retention indices of PCBs) atier some 
standardizztion of the operating procedures can be better than *1 index unit. The 
last column in Table V gives the retention indices of PC& obtained on a column made 
by coupling together columns Nos. I, 2 and 3 (this coupling gave a 86-m long col- 
umn having an efkiency of 261,200 theoretical plates for a capacity ratio k = 2.13, 
corresponding to about 3040 theoretical plates per tietre). Moreover, the results show 
that by coupling individua! columns together using shrinkable PTFE tubing, the reten- 
tion indices were not afSected 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 HC! wasconducted 
at .ihe same te_mperature but for a different period of time (the retention indices found 
for columns Nos. I,2 and 3, etched at 623 “# for 4 h, are higher than those found for 
column No. 7, etched at 623 “K for 2 h)_ 
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KQV‘kIS RETENTION INDICES (9 OF MAiN COMPONENTS OF AROCLOR 1242 MEA- 
SURED ON CAPILLARY COLUMNS COATZD WITH OY-101 STATIONARY PHASE A-F 
473°K 

Peak Structure 
h’o. 

CofKmn No. 7 

I Standard 
deviation 

(ri) 

I IreA 15) 

6 
8 
9 

10 
11 
12 
14 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
33 
37 
38 
39 
41 

2,2 
2,3’ 
2.4 

4~4’.t 2,2’,3 
2,2’,3 
2.3’,5 
2.3’,4 
2,4’,5 
2,4,4 
2’,3, 4 
- 
- 
- 
2,2’,5,5’ 
2,2’,4.5’ 
2,2’,4,4 
- 

2,2’,3,5’ 
2,2’,3,4 
- 
27,3,3’ 
- 
2,3’,4’,5 
- 
- 

1621.6 0.4 1625.8 
1686.0 0.7 16W.O 
1636.9 0.6 1700.9 
1731.8 0.4 1735.8 
1772-2 0.1 1776.2 
1777.4 0.2 1781.8 
lSO5.8 0.6 1810.0 
1839.2 0.7 ! S43.6 
1844.2 0.7 lW3.8 
1853.3 0.4 1858.1 
1856.7 0.6 1861.1 
18732 0.3 lS7S.I 
1884.3 0.4 1890.2 
1894.7 0.4 1899.7 
1907.5 0.4 1912.5 
1918.3 0.1 1922.7 
1926.6 0.1 1931.3 
1932.7 0.6 1937.1 
1935.6 0.3 1939.1 
1953.0 0.3 1958.1 
1958.5 0.7 1965.2 
1975.1 0.2 1980.1 
1987.4 0.7 1992.7 
2020.5 0.4 2025.7 
2025.9 0.5 2031.3 
2031.8 0.6 2037.4 
2059.0 0.1 2065.3 

As we have found that the reproducibility of the column preparation is sig- 
nificantly affected by the tem_per&ure at which the etching was performed, this 

process was carried out in a thermostat with a forced air circukttion. 
Table VI shows the Kovdts retention indices of PC& measured in~three capil- 

iary columns cozted with BV-ICI at 473 “K. The conditions of etching with HCI 
were identical and the procedure .zpplied was ‘Jzat used by Badings et QZ.‘O. It can be 
seeu that the f;ighest retention indices were found for column No_ 5, which had the 
thinnest film of stationary phase (k = 2.03 for peak 37, Fig. 11, while rhe lowest re- 
tention indices xre found for cohmn No. 4, which had the thick&t film (k = 8.53 
for peak 37, Fig. 1). The data in Tabfe VI also show that, when the surface of the glass 
cohnnn is etched with HCt using the procedure suggested by &&Igs et Q1.l' 2nd COilted 
with2 thinEl&ofa non-pol2rst2tion2ry phase,the process of sep2r2tion isgoverned, 
inter al& also by the adsorption properties of the walls of the capillary colutins. 
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TABLE V 

KOVkiS RE-EI’XION INDICES Q OF MAIN CoMhENTS OF AROCLOR 1242 MEA- 
SURED ON CAPILLARY COLUMNS COATED WITH OV-101 STATIONARY~PHASE AT 
473 “K 

6 
9 

10 
11 
12 
14 

:: 
19 
20 
21 
22 
23 
24 
25 
26 
27 
2s 
29 
30 
31 
37 

33 

39 

41 

1623.7 i624.2 1624-O 1624.0 0.5 1624.0 
1698.3 1698.7 1699.0 1698.7 0.5 1698.9 
1733.6 1734.2 1733.9 1733.9 O-4 1733.8 
1774.0 1774.2 1774.2 1774.1 0.1 1774.4 
1778.8 1778.9 1779.2 1779.0 0.3 1779.5 
1807.1 1807.5 1807.5 1807.4 0.3 1807.5 
1845.7 1841.3 1841.3 1841.1 0.4 1841.2 
1845.7 1845.6 1845.4 1845.6 0.2 1846.3 
1855.6 1855.7 1855.5 1855.6 0.1 1855.2 
1858.5 1858-4 1859.0 1858.6 0.4 1858.7 
1875.3 1875.3 1875.2 1875.3 0.2 1874.6 
1886.4 1886.7 1886.0 1886.4 0.5 1887.0 
1897.0 1897.4 1896.8 1897.1 0.3 1897.0 
1909.7 1910.4 1909.9 1910.0 0.3 1909.6 
1920.2 1920.3 1920.0 1920.2 0.2 1920.5 
1928.5 1928.7 1928.2 1928.5 0.4 1928.8 
1935.1 1934.8 1934.7 1934.9 0.4 1934.4 
1937.3 1937.8 1937.0 1937.4 0.5 1937.6 
1955.2 1955.2 1955.7 1955.5 0.1 1955.5 
1961.4 1961 A 1961.3 1961.4 0.1 1961.5 
1977.1 lY77.3 1976.8 1977.1 0.3 1976.5 
2Otz.S ZQ22.5 2022.1 2022.3 0.3 2022.6 
2028.1 2028.6 2028.2 2028.3 0.4 2028.2 
2034.2 2034.4 2034.1 2034.2 0.3 2033.9 
2061.5 2061.8 2061.4 2G61.6 0.3 2061.5 

* Retention indices with coluams Nos. 1, 2 aad 3 coupled together (see 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 compmriso$ of Figs. 1 and 2 that on the capillary column 
coated with a thin film (column No. 4) of QV-101 some of the peaks were split (peaks 
Nos. 12, 14 and 30). ‘ihe splitting disappeared when the capillary was coated with a 
thicker film of the stationary phase. This observation a,grees with the conclusions of 
Franken and R~tten’~, drawn from the separation of PC& at eqremely low substance 
concentrations on glass capillary columns coated with SE-30. 

A comparison of the surface of the capillary etched with HCl at 553 “K for 
4 h (Fig. 3) with that resulting from etching of the surface for 24 h (Fig. 4) shows some 
cIx+.nges in the cjsti structure as a function of the heating time. 

By couphng together columns Nos. 4 and 6, a 144-4-m long column with an 
e.%iciency of 471,290 theoretical plates (for peak 37, with a &pz@ity ratio k = 412) 
was obtained. When PCBs were separated on this capiliary column, peaks 12: 14 and 
30 (Fig. 5) remained unresolved. 



Pea? No. 

6 
9 

30 
11 
12 
14 
17 

if 
20 
21 
22 
23 
24 
25 

z: 
28 
29 
30 

31 
37 
3s 
39 
41 

L-ohm No. 

4 5 

1620.7 1631.4 
16929 16998.3 
1726.5 1732.5 
1765.7 1773.6 
1770.5 1778.6 
1797.6 1806.5 
1832.5 lS42.3 
1837.7 1848.6 
iS47_3 1856.2 
1850.4 1859.8 
lS6S.0 1875.5 
1879.6 lSS7.0 
1890.3 1895.7 
1903.5 19os_7 
1915.0 1922.1 
1923.6 1929.8 
1929.6 1935.4 
1932.7 1936-S 
1951.1 1956.3 
1957.5 196l.S 

1865.0 
1973.S 1976.5 
2020.4 2024.6 
2026.0 2030.1 
2031.8 2036.4 
2059.1 2053.2 

6 

1698.0 
1731.4 
1772.5 
1777.5 
1805.3 
1s40.2 
1845.9 
lS54.5 
1858.1 
1873.9 
lSS5.5 
1 s94.9 
1907.1 
1917.8 
1928.0 
1933.5 
1935.8 
1954.5 
1960.5 
1963.5 
1975.6 
2022.5 
2029.0 
2034.7 
2062.0 

Fig. 2. Sepa.ration of components of .41ocIor l242 on ip glass capiitzy column coated with OV-101 
zt 473°K (column No. 4). 
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Fig. 3. Scanning electron microgrzph of the inner wall of a glass capilfa 

Fig. 4. Scanning electron micrograph of the inner wall of a gkss cspillu 

try etched for 4 h at 573YC. 

y etched for 24 h at 573°K. 



1
 

-1
 

Fi
g.

 5
, S

ep
ar

at
io

n 
of

 
co

m
po

ne
nt

s 
of

 
Ar

oc
lo

r 
12

42
 o

n 
a 

gl
as

s 
ca

pi
lla

ry
 

C
O

~U
I~

III
 

co
&c

d 
w

ith
 

O
V-

10
1 

at
 

47
3°

K 
(c

ou
pl

ed
 

co
k~

nu
~s

 N
os

. 
4 

an
d 

G
). 

I- 

I 
--

I 

Fi
g.

 G
. S

ep
ar

at
io

n 
of

 c
or

np
on

cn
ts

 
of

 A
ro

cl
or

 
12

42
 o

n 
a 

gl
as

s 
cn

pi
lla

ry
 

co
lu

m
n 

co
at

ed
 

w
ith

 
Ca

rb
ow

ax
 

20
M

 
at

 
47

3%
 

(C
O

~U
II

II
I 

N
o.

 
R)

. 



I 
Pi

g.
 7

. S
cp

nr
at

io
n o

fc
om

po
nc

nt
s o

f 
A

ro
cl

or
 1

24
2 o

n 
R

 gl
as

s c
ap

ill
ar

y 
co

lu
m

n 
re

su
lti

ng
 fr

om
 c

ou
pl

in
g 

co
lu

m
n 

N
o.

 7
 (

W
-1

01
) 

w
ith

 
co

lu
m

n 
N

o 
11

. (
C

ar
bo

w
nx

 20
M

) a
t 

47
3°

K
. 



KCE~CKING OF GrL4S.S CAPlLLARY COLUMNS 159 

KOV&iS RETENTION INDICES OF SOME COMPONENTS OF AROCLOR LX2 MEA- 
SURED ON CAPILLARY COLUMNS COATED 7NITEf CARBOWAX IBM STATi0NAR.Y 
PHASE AT 473°K 

Peak No_ Calm No. 

8 9 
- 

1 2020.3 2019.3 
2 2158.7 2158.9 
3 2264-9 2255.9 
4 2282.9 2283.4 
5 2332.1 2332.5 
6 2418.6 2419.5 
7 2488.1 2489-I 

10 2529.4 2530.3 
12 2563.2 2565.4 
17 2611.3 26128 
20 2652.9 2653.6 
21 2658.0 2658.5 
22 2670.8 2672.1 
23 2682.4 2683.6 
24 2685.4 2686.8 
25 2720.5 2721.7 
26 2740.6 2741.6 
27 2757.0 2757.7 
28 2766.6 2767.2 
29 2780.0 278 1.0 
30 27829 2783.7 
31 2792.7 2793.9 

2013.4 
2152-O 
2257.7 
2275.7 
2324-g 
2411.2 
2482.2 
2509.9 
2556.3 
26a.5 
2645.2 
2650.1 
2663.2 
2674.4 
2677.6 
2712.4 
2732.3 
2748.4 
2757.8 
2771.3 
2774.0 
2783.5 

The therms1 stability of capihry colrrmns coated with Cerbowax 20&S was 
str~died by &homburg and Husmann I4 They found that on heat& ?‘or 204 h at . 
473 “K, the capacity ratio of n-dodecane changed from the original value of k = E -87 
to 1.64 and the Kov5ts retention index of n-butanol at 353 “K changed from 113 1 to 
1116. It is thus obvious that the _reproducibiiity of the preparation of the columns 
depends on the standardization of all operating procedures and that thr properties of 
Carbowax 20M columns are also altered by ageing. In spite of ‘tis, 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 capikry column coated with 
Carbowax 20M at 473 “K (column No. 8). The peak numbering in Fig. 6 is different 
from that in Figs. l-3. 

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

The Kov&s retention indices found for PC& (Table VJX) differ signiEcantl;r 
despite the fact that the etching procedure appiied was identical and the film thickness 
of the phsse does not differ signiticerrtly (the capacity ratio for peak 12 in Fig. 6 
changes for the columns in Table VIX from k = 3.58 to 4.65). 
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Column coupling provides a means for obtaining a column of required polarity. 
Fig. 7 shows the separation of Aroclor 1242 on a c@ary coIlrmn resdting from cou- 
pling column No_ 7 (OV-101) with columrr No. I1 (Carbowax ZOM). The column thus 
obtained showed for peak 15, with a capacity ratio k = 2.14, an efficiency of 487,000 

theoretical plates. 
The identification of PCBs present on chromatograms obtained using Carbo- 

w‘ax 2OlM glass capillary colilmns is currently being studied and the results will be 
published later. 
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