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SUMMARY 

Deactivation of the glass capillary and coating of the stationary phase can be 
performed in one operation_ Static coating with a solution of both 95 “/, methyl 5 % 
phenyl silicone and poiy(ethylene glycol) gives capillaries of superior quality than by 
successive treatments. 

INTRODUCTION 

In order to change the selectivity of chromatographic systems, mixed 
stationary phases are often used. Capillary chromatography is a form of chromato- 
graphy which has partition abilities so great that the selectivity, and even the polarity, 
of the stationary phase are of secondary importance. Increasing the selectivity as well 
as subtle modulation of polarity by mixing the solvents may therefore seem pointless. 
However, the main deficiency of glass capillary gas chromatography is the prepara- 
tion of the column itself, and especially the formation of a stationary-phase homo- 
genous film which always requires proper preparation of the capillary interior sur- 
face, i.e. its etching and deactivation. 

Deactivation, which improves the wettabihty of the glass surface by the non- 
polar stationary phase. is carried out by means of binding silanes’ or Carbowas 
2OM”. 

In the present work it was shown that usin g a mixed stationary phase, com- 
posed of poly(ethylene glycol) (Carbowas 20M) and non-polar 95% methyl 57: 
phenyl silicone oil (SE-Z), the surface deactivation step may be omitted_ Deactiva- 
tion already occurs in the coating process itself owing to the preferential adsorption 
of Carbowax 20M. With regard to efficiency, the columns prepared are equivalent to 
those with pure SE-52 deposited on the previously silanized surface and are of higher 
e5ciency than columns with pure SE-52 deposited on the previously silanized surface 
and are of higher efficiency than columns with pure Carbowax 20M. 

l Present address: ~Macromolecular Chemistry Section. GerontoIo_q Research Center. National In- 
stitute on Aging, Baltimore City Hospitab, Baltimore_ MD 212% U.S.A. 
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ESPERIMEX-I-AL 

Capillary tubes (0.3 mm I-D_) were drawn from tubes (1 m x 3 mm I.D.) made 
of Polish soda glass (Krosno Glass Works) using a drawing machine made in our 
laboratories_ The internal capillaq surface was increased by treatment with dilute 
hydrochloric acid’. 

All capillaries were coated by the static method with solutions of SE-52 and 
Carbowas 2OM in the ratios 311 and I:3 and with pure Carbowas 20M and pure SE- 
52 in dichloromethane. The concentration of the solution was adjusted to give a film 
thickness of 0.15. 0.3 and 0.5 pm for each kind of stationary phase (for Carbowas 
?OM also 0.25 pm)_ Two other columns were prepared: column 11 (Carbowax 20M 
coated) and column 1 (with pure SE-52 on the hesamethyldisilane (HMDS)-treated 
surface)‘_ 

_A Pye Unicam GCD chromatogmph was used for the work with capillary 
columns_ in w-hich the cage-located capillaries were removed. and the column endings 
were directly introduced intc the injector and a flame-ionization detector (FID) 
burner. The samples were of 1 ~1. with a splitting ratio of 1:30, and the concentration 
of the solutions corresponded to the concentration of the Grob test misturea_ 

The specific retention volumes ( rg) of various compounds Lvere measured on 
pure Carbowax 20M. on pure SE-52 and on their mixtures in order to determine the 
stationary-phase film thickness_ Gas-Chrom CL2 coated with 3 T,, SE-2 Carbolvas 
20&l_ and their mixtures in ratios of 3:l. 1 :I. and I :3 were used as packing materials. 
The measurements were performed on a W. Giede GChF 18.3 (Leipzig. G.D.R.) Sas 
chromatograph equipped with a katarometer. Nitrogen was used as the carrier gas. 
The temperature was IOO’C. The stationar?;-phase film thickness was calculated from 
the retention data (pi and k) of the methyl esters of C,, and C,a fatty acids. 

RESULTS ASD DISCUSSIOK 

The properties of all capillaq columns with the mixed stationary phases and 
individual solvents SE-52 and Carbowas 20-M are given in Table I. 

Columns 1 and 2 have an SE-53 film of the same thickness. but in the prepara- 
tion of column 2 the silanizarion stage was omitted. The resolution of this column is 
almost five-fold smaller than that of column 1. In fact it is so small that the column 
can be regarded as completely useless. Column 2 was made only for underlining the 
contrast between its properties and the properties of the columns with mixed 
<tationary phases_ which were also prepared without predeactivation of the surface 
(columns 5-10 and 12-14). 

Columns 11 and 12 with Carbowas 201&l are characterized by their almost 
identical (within the limits of experimental error) properties despite the fact that 
column 11, before coating. underwent the deactivation stage_ As can be seen in the 
case of the polar stationary phase. deactivation is not necessary since it does not 
improve the quality of the column. 

Columns with mixed stationary phases are characterized by relatively high 
resolution values (Rx = 4 R, obtained for these esters)_ The highest resolution can be 
observed at the predominance of SE-52 (columns 5-7) and its value of EPN (effective 
peak number) is close to the EPN of the columns with pure SE-2 When Carbowax 
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Fi_e. I_ Effective peak numbers (EPN) as a function of film thickness (ci,). Stationary pbasesr I = SE-C; 2 
= SE-52 + Carbowax 20M (3:l); 3 = SE-52 i Carbowas IOM (1:3); 4 = Carbonas ZOM. 

20M predominates, EPN is comparable to the one obtained on Carbowas ZOM itself_ 
whereas the values of the capacity ratio (k) for all columns with the mixed stationary 
phase remain at the same k as in the columns with pure SE-52 This means that in the 
columns with mixed stationary phases we observe a non-linear dependence of the 
retention data as a function of the stationary phase composition_ A lengthening of the 
retention time can be observed which occurs without simultaneous broadening of 
chromatographic bands; 
umns is preserved_ 

The resolution of 

thus the high resolution (and also efficiency) of thesecol- 

the peaks and their retention remain a function of the 
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Fig. 2. Variation of retention temperatures with stationary phase film thickness for Carbowas 20M col- 
umns_ initial temperature, 333°K: programming rate. 4’/min. Curves: 1 = 2.3-dimethylnaphthalene; 1 = 
1.6-dimethylaniline; 3 = methyl decanoare; 4 = m-decane. 
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Fig. 3_ Grab‘s tests for columns coated with SE-S?, Carbowas ZOXl and their mixtures. Initial temperature. 
333’K; pro gamming rate. 4’jmin. Sample, 141; carrier gas, Hz_ Columns: a = column 2 with SE-51; b. = 
column 6 with SE-52 i Carbowax ZOM (3:l); c, = column 10 with SE-51 i Carbowas 2OM (1:3); d, = 
column 13 with Carbowax 201&T_ Peaks: 1 = n-&cane; 2 = I-octanol; 3 = 1,6_dimethylphenol; 1 = 2.6- 
dimethylaniline: 5 = fz-dodeeane: 6 = methyl decanoate: 7 = dicyclohexyiaminc: S = methyl dodr- 
canoate; 9 = Z,3-butanediol. 

stationary phase film thickness (Figs. 1 and 2). The peak resolution reaches its masi- 
mum value at ci/ = 0.13-O. 17 m (Fig. 1). The dependence of the retention tempera- 
ture (TR) in the analysis with the programmed temperature on the film thickness is 
different for different types of compounds (Fig. 2). The aliphatic hydrocarbon (C,,) is 
least sensitive to the changes in the film thickness; the aromatic hydrocarbon (2.3- 
dimethylnaphthaiene) is the most sensitive to these chanses. 

Chromatograms of the Grob test misture’, shown in Fi_g. 3, show that the 
columns with the mixed stationary phase do not exhibit adsorptive properties, despite 
the fact that they were not predeactivated. The peaks of the polar compounds, l- 
octanol, 2,6-dimethylphenol, and ‘$5dimethylaniline, retain CQ. 100 oA of their 
heights. 

It can be seen from Table I that the obtained film thickness is considerably 
different from the planned one. As the static-coating method was used this result is 
very surprising, and was probably caused by “creeping- of the stationary phase out 
of the capillary in the course of prolonged (24-48 h) vacuum evaporation of the 
solvent. This “creeping out” certainly changes the composition of the mixed 
stationary phase. A new absolute determination of the components is very difficult. 
and therefore an indirect method was used. 
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Fig. 4:. Retention temperatures of various solutes as a function of polarity of capillary columns. Colhmns 
and conditions as in Fi_e_ 3_ Solutes: I = 2.6-dimethylphenol; Z = l$-dimethylaniline; 3 = methyl 
dodecanoste: 1 = methyl decanoate: 5 = I-octanol; 6 = n-dodecane: 7 = ~~-decane. 

Fig 5. lop l; of various solutes ~twus stationa? phase composition on packed columns with SE-Z 
Carbowax ZOM and their mixtures. Solutes: 1 = methyl dodecanoate: Z = ~,6-dimethylphenol: 3 = 1,6- 
dirr_eth>Ianiline: _ ’ = meth\I decanoate: 5 = l-octanol: 6 = n-dodecane; 7 = jz-undecane: S = n-decane. 

The polarity of the column with the mixed stationary phase, relative to the 
column with pure components_ was determined_ The differences of retention indices 
of I-octanol (calculated from the retention temperature’) (dl) were used as the basis 
of the determination. 

The polarity of a given column was determined by relating the difference in the 
retention indices on this column and on the column with pure SE-52 to the difference 
of the indices on the columns containing Carbowax 20M and SE-52 (Table II). 

The relative polarity of the columns is slightly smaller than one would predict 
from the composition of the coating solution_ The retention indices obtained from 
capillaries are higher than the values measured in the packed columns, which is 
probably due to the influence of the glass surface on the retention data and also to 
higher adsorption occurring at the surface of the coating than in packed columns. 

Fig. I shows the retention temperatures of compounds of dif3erent polarity as a 
function of the relative polarity of the stationary phase, for the column with L-$ = 
O-15 pm, and Fig. 5 shows log V, as a function of the stationary phase composition 
for the same compounds chromatographed on the packed columns_ Owing to the 
different form of the retention expression it is d&cult to speak about a quantitative 
comparison between these relations. One can see, however, that for polar com- 
pounds, there is a greater deviation from linearity in the capillary columns than in the 
packed ones. 

A mixture of polycyclic aromatic hydrocarbons was chromatographed in order 
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Fig. 6. Chromatograms of mixtures of pol_ynuclear aromatic hydrocarbons on (a) column 13 (Carbo%vas 
20M. d, = 0.16 m). (b) column 6 [SE-52 + Carbo*ax ZOM (j:i), df = 0.11 pm]. (c) column 5 [SE-Z + 
Carbowxs ZOlM (3:1), d, = 0.04 pm], (d) column I (SE-S?. df = 0.13 pm). Initial temperature, 333’K; 
programming rate, 4’/min; carrier gas. Hz; sample, I d_ Peaks: 1 = 2-methylnaphthalene; 2 = 2,6- 
dimethyInaphthaIene; 3 = biphenyl; 4 = 2,3_dimethylnaphthalene; 5 = 2,3,6-trimethylnaphthalene: 6 = 
fluorene; 7 = phenantbrene; 8 = pyrene. 

to test the analytical abilities of columns with mixed stationary phases. Best results 
were obtained when the initial composition of the stationary phase was SE-52 Car- 
bowax 20M in the ratio of 3:1, i.e. at 19% relative polarity. 

Columns with thin fiIms were very useful for the analysis of polycyclic aromatic 
hydrocarbons. Fig. 6c shows a chromatogram run on a column having the same 
composition of the stationary phase as in Fig. 6b, but with dI = 044 pm. As can be 
seen, the resolution of the column does not decrease while, at the same time, con- 
siderable shortening of the analysis time is achieved. 

CONCLUSION 

The preparation of capillary columns with a mixed stationary phase composed 
of non-polar silicone oil and poly(ethyIene glycol) (Carbowax 201M) allows one to 
omit the deactivation stage in the laborious and timeconsuming preparation of col- 
umns. 

Although the process of solvent evaporation in the static-coating procedure is 
accompanied by loss of a certain amount of the stationary phase, the polarity of these 
columns can be estimated using the retention indices, or even on the basis of the 
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position of the peaks of the polar components of the Grob test mixture on the 
chromatogram. 

The columns obtained are characterized by good analytical properties, viz., 
high resolution ability (to 40 units of EPN for 24 m of the column length). 
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