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Preparation of Capillary Gas Chromatographic Columns for Separation
of Polar Organic Compounds by Sol-Gel Method
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Abstract A sol-gel method was used in preparing capillary gas chromatographic columns with simplicity
and rapidity. Due to the formation of the chemical bonds between the coating layer and the inner wall
of the capillary the thermal stability of the column was greatly increased. The sol-gel poly dimethyl-
siloxane PDMS column was able to withstand temperatures as high as 400 C . This column showed
excellent separation of free fatty acids amines and other polar compounds. The sol-gel column also
showed good repeatability of retention time on a single column as well as good repeatability of capacity
factor column efficiency symmetry and McReynold’ s constant on several columns of the same type.
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Fig.1 Separation of free fatty acids on
a sol-gel coated PDMS column
Conditions column 10 m X 250 pm i.d. fused silica capillary
stationary phase hydroxyterminated PDMS carrier gas
100:1 330 C  detector FID 350 C

column temperature programmed from 40 C at 10 C min.

column

helium injection split

1.acetic acid 2.propionic acid 3.butyric acid 4.isovaleric

acid  S.valeric acid 6.caproic acid 7.2-ethylhexanoic acid

8. caprylic acid 9.nonanoic acid 10.decanoic acid 11 .undecanoic

acid 12.lauric acid  13.tridecanoic acid  14.myristic acid

15. pentadecanoic acid 16. palmitic acid 17 . stearic acid.

Fig.2 Separation of halogenated acids on
a sol-gel coated PDMS column
Conditions column temperature programmed from 80 C at 6
C min others are the same as in Fig. 1.
1. trifluoroacetic acid 2 .monochloroacetic acid 3. monobro-

moacetic acid 4. dichloroacetic acid 5. dibromoacetic acid.

Fig.3 Separation of amine derivatives on
a sol-gel coated PDMS column
100:1 250 C

ture programmed from 70 Cat 12 C min others are the same as

Conditions injection split column tempera-
in Fig.1.
3. di-ethanol

1.ethanolamine  2.2-methylcyclohexylamine

amine 4.triethanolamine 5. dicyclohexylamine.
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Fig.4 Separation of phenolic compounds on
a sol-gel coated PDMS column
Conditions column temperature programmed from 70 C at 6
C min others are the same as in Fig.1.
1.2-chlorophenol  2.2-nitrophenol 3.2, 4-dichlorophenol
4.2,6-dichlorophenol  5.4-chloro-3-methylphenol ~ 6.2,4,6-tri-
7.2,3,4-trichlorophenol 8.3, 4-dichlorophenol
9.2, 4-dinitrophenol 11.4,6-dinitro-o-cresol

12. pentachlorophenol.

chlorophenol

10. 3-nitrophenol
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Fig.5 Separation of alcohols and diol on
a sol-gel coated PDMS column

Conditions detector FID 400 C  column temperature pro-
grammed from 70 C at 7 C min others are the same as in Fig.1.

1.n-butanol 2.n-hexanol 3.n-heptanol 4.trans-1,2-cyclo-
hexadiol 5.7n-octanol 6.1-decanol 7.1-dodecanol 8. 1-tetrade-
canol 9.1-hexadecanol 10.1-octadecanol 11.1-eicosanol 12.1-
docosanol  13.1-tetracosanol 14.1-hexacosanol 15. 1-octacosanol

16. 1-triacotanol.

2.2
1
10
0.33%
sol-gel
S5 20 mX250 pmi.d.  sol-gel
250 C
fluoranthene 5

3400 m

n=10
Table 1 Retention time repeatability for free fatty acids
on a sol-gel coated PDMS column™ » =10

Solute t, min RSD %
Acetic acid 0.98 0.26
Propionic acid 1.71 0.33
Butyric acid 2.78 0.31
Isovaleric acid 3.56 0.18
Valeric acid 4.18 0.22
Caproic acid 5.69 0.12
2-Ethylhexanoic acid 8.01 0.09
Caprylic acid 8.76 0.05
Nonanoic acid 10.24 0.04
Decanoic acid 11.064 0.04
Undecanoic acid 12.99 0.02
Lauric acid 14.27 0.02
Tridecanoic acid 15.49 0.02
Myristic acid 16.66 0.03
Pentadecanoic acid 17.76 0.02
Palmitic acid 18.82 0.02
Stearic acid 20.81 0.02
* Experimental conditions are the same as in Fig. 1.
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Fig.6 Separation of home-made Grob mixture on
a sol-gel coated PDMS column

Conditions column 20 m X 250 pm i.d. fused silica capillary
column injection split 100:1 250 C  column temperature
programmed from 40 C at 6 C min others are the same as in
Fig.1.

1.2,3-butanediol 2.7n-decane 3.1-octanol 4.1-nonanal 3.
2, 6-dimethyl phenol 6.undecane 7.2-ethylhexanoic acid 8.2,6-
dimethyl aniline 9.methyl decanoate 10.methyl undecanoate

11.dicyclohexyl amine 12.methyl dodecanoate.
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Table 2 Retention factor k* repeatability for components of Grob test mixture on three sol-gel coated PDMS columns”
Solute k

column 1 column 2 column 3 mean RSD %
2 3-Butanediol 4.13 4.11 4.16 4.13 0.61
n-Decane 12.65 12.46 12.94 12.68 1.90
1-Octanol 15.35 15.03 15.67 15.35 2.08
1-Nonanal 16.30 15.97 16.62 16.30 1.99
2 6-Dimethyl phenol 16.59 16.27 16.92 16.59 1.96
Undecane 16.86 16.54 17.19 16.86 1.93
2-Ethylhexanoic acid 18.30 17.90 18.63 18.28 2.00
2 6-Dimethyl aniline 18.60 18.24 18.94 18.59 1.88
Methy!l decanoate 25.19 24.71 25.54 25.05 1.65
Methyl undecanoate & dicyclohexyl amine 28.76 28.27 29.12 28.72 1.48
Methy!l dodecanoate 32.14 31.65 32.52 32.10 1.36

10

% Conditions column temperature programmed from 40 C at 6 C min others are the same as in Fig.1.

Sol-gel
McReynold’ s constant

120 C

X=28 Y=608 Z=51 U=68 S=

general polarity 120 C

229 12 sol-gel
sol-gel
Sol-gel 70%
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