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1 SUMMARY 

In order to achieve better resolution and lower detection limits for s-triazines, 
glass capillary columns made of soft soda-lime glass and etched with gaseous hydrogen 
chloride have been introduced. Columns with non-polar (OV-101, 5X-30) mixed 
(Carbowax 20M + SE-30) and polar stationary liquids (Carbowax 20M) were used. 
The thickness of the ultra-thin film columns was determined by weighing the capillaries 
before and after coating of the capillary with stationary phase and conditioning, and 
varied from 0.05 to O.Spm. From the capacity ratios of s-triazines and n-atkanes 
measured in sections of an originally long dynamically coated column after it had 
been cut into several equal parts, the constancy of the film thickness along the whole 
column was judged- The film thickness was not uniform and increased along the whole 
column. 

It was found that glass capillary columns with non-polar stationary phase are 
not very suitable for the analysis of s-triazine herbicides, as tailing occurs with some 
of them. Symmetrical peaks and the separation of 17 from 18 analysed s-triazines 
were achieved on glass capillary columns coated with Carbowax 20M. 

INTRODUCTION 

s-Triazines are nitrogen-containing substances with pharmaceutical, chemo- 
sterilant, industrial and particularly herbicidal importance. The analytical methodolo- 
gy of triazine herbicides has been reviewed by Gysin and Kniislir and Stammbach 
et ~1.~. For several years, particular emphasis has been placed on the versatility of 
chromatographic procedures that relate to the establishment of criteria of purity and 
the separation and identification of these substances and their metabolic and degrada- 
tion products from environmental residue sources and from tissues. General chroma- 
tographic procedures have been reviewed by Fishbein3 and gas chromatography 
(CC) by Cochrane and Purkayastha4. 

The GC separation of s-triazines has been performed exclusively on packed 
columns with stationary phases of various polarity. It appears that non-polar phases, 
most intermediate phases and the various mixed poIarity phases do not resolve 
adequately mixtures of the most common herbicides (atrazine, simazine, propazine). 
This resolution was accomplished by using the more polar stationary phases. 
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The aim of this work was’ to introduce the use of glass capiiiary coIumns in 
the analysis of s-triazines using non-poIar (OV-101, SE-30), mixed (SE-30 + Carbo- 
wax ZOM) and polar (Carbowax 20M) stationary phases. Glass capillaries are often 
used for the separation of complex mixtures of environmental samples, but have 
been little utilized in herbicide analysis. 

EXPERIMENTAL 

The drawing of capiI!aries from gIass tubes and the composition of glass have ~ 
been described previousIy’. 

The capiilaries were made of soda-lime glass (Unihost and PN glasses; 
Jablonec Glass Works, Jablonec, Czechoslovakia)_ The initial tubes were O-7-1.5 m 
long, with 0-D. 7-8 mm and I.D. 2-3 mm, from which capillaries up to 130 m long 
with 0-D. 0.7-0.8 mm and I.D. 0.2-0.3 mm were drawn. The inner diameters of the 
glass capillary columns were measured from the known length and volume of the 
capillaries5. 

Surface roughening 
Surface roughening was performed by etching the column wall with gaseous 

hydrogen chloride. Gaseous hydrogen chloride , generated from dry sodium chIoride 
and sulphuric acid, was forced through the capillary. Passage of hydrogen chloride 
through one end of the capillary was continued for several hours, then the capillary 
was turned and hydrogen chIoride was introduced from the other side. The passage 
of hydrogen chloride was also continued in this direction for several hours. The 
amount of hydrogen chloride present in the capillary was determined by using the 
test of AIexander et aL6. Usually more than 95 oA of the capillary volume was filled 
with hydrogen chloride. Both ends of the filled capillary were sealed using a micro- 
burner and the column was heated in a thermostat with forced air circulation for 24 
h at 623 “K. 

Coating procedures and column conditioning 
Dynamic coatingprocedure. The capiharies were coated dynamically using 0.15- 

3.5 ml of a sohttion of the stationary phase in chloroform or n-hexane at a flow-rate 
of 0.3-0.5 cm/set. 

Ultra-thin film capillary columns were prepared by a modified mercury plug 
method proposed by Schomburg and Husmann’. The column was filled with the coat- 
ing solution (0.15-0.3 ml) by suction, followed by a 5-cm mercury plug. The vacuum 
was disconnected and the mercury plug was pushed through the capillary at a constant 
velocity by means of compressed nitrogen. Some columns were filled completely with 
coating solution by nitrogen pressure and afterwards the mercury plug was pushed 
through the capillary at a constant velocity (0.025 cm/s@ by means of compressed 
nitrogen_ 

Sratic coaiingprocedure. Capiliaries were coated by the static method according 
to the version of the static method introduced by Boushe and Verzele*. A 0.25-0.75 % 
solution of the stationary phase in chloroform was degassed by the following proce- 
dure. The stationary phase solution was diIuted with pure solvent to more than twice 
its volume, then gently boiled down to the original volume. After cooling to room 
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Fig. 12. Separation of s-triazines on statically coated Carbowax 20M (0.75%) column (No. IO). 
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Fig 13. Separation of s-triazines on dynamicaIIy coated SE-30 C cvbowax 20M CO~UIEII at 473 “E 
with a linear carrier gas ffow-rate of 13.3 cm/set. 
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except that the capacity ratios of the corresponding substances on column No. 7 
were lower, which was probably caused by the lower flow-rate of the stationary phase 
in the coating procedure. 

The amount and size of the sodium chloride particles and the spreading of the 
stationary phase on the glass surface were studied by SEM. As Carbowax 20M is 
a solid at room temperature, micrographs of the inner glass capillary wall coated 
with Carbowax 20M were obtained from different parts of a 67-m long column 
(No. 6). It was found that after coatin g the inner surface of capillaries with a layer 
of aluminum (Fig. 9e) better SEM pictures were obtained than when gold was used 
for coating (Fig. 9b, c and d). From FI,. -= 9b, c and d it can be concluded that at the 
beginning and at the end of the column there are rather large sodium chloride crystals, 
while in the direction of the centre of the column from each end the amount of sodium 
chloride crystaIs gradually increased and their size became smaller. As gaseous 
hydrogen chloride was introduced from both ends of the column during etching of 
the columns and the heat treatment was continued for a long period, according to 
Franken et af? large sodium crystals are grown rather than smaller crystals. 

The surface of Carbowax 20M at the beginning of the column is relatively 
smooth and towards the end of the column the film of Carbowax 20M appears thicker 
and its surface is damaged at various positions. An increase in the film thickness 
along the whole column, which was concluded from the capacity ratios of s-triazines 
and rz-alkanes measured in sections of columns, was also indirectly proved by SEM 
(Fig. 9b, c and d). 

The infiuence of columns with thicker films prepared by the static coating 
procedure (0.25-0.75 % solutions of Carbowax 20M) on the separation of s-triazines 
and shape of their peaks was investigated. Columns coated with 0.25% and 0.5% 
solutions of Carbowax 20M gave a good resolution of the s-triazines studied and 
their peaks were symmetrical (Figs. 10 and 11, columns Nos. 8 and 9). On columns 
with 0.7S”/d of Carbowax 20M the peaks of s-triazines were broader (Fig_ 12). The 
efficiency of the columns decreased with an increasing concentration of Carbowax 
20M in the coating solution (Table II, columns Nos. 8, 9 and 10). 

We attempted to carry out a rapid analysis of s-triazines (in 4 min) on a mixed 
stationary phase of SE-30 + Carbowax 20M in the ratio 1: 1 (3 ‘;/, of each) at 473 “K. 
The analysis was performed on a dynamically coated 16-m long column with an ultra- 
thin film (Fig. 13). 

Details of the analytical aspects of the GC of s-triazines on glass capillary 
columns will be published eisewhere. 
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