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Abstract

Gas chromatography (GC) is a commonly used method in the environmental analyses,
and is appropriate for various purposes such as analyses of volatile compounds in air
and water. GC was developed in the mid twentieth century, and its performance has -
been remarkably improved by the new detection and separation technologies. There are,
however, several disadvantages to be improved. We developed, (1) septum-free injector,
(2) modifier introduction generator, (3) quick sampling GC system,.
(1) A novel apparatus with a simple structure has been developed for introducing
samples into the vaporizing chamber of a gas chromatograph. It requires no septum due
to the gas sealing structure over the carrier gas supply line. The septum-free injector
made it possible to use injection port temperatures as high as 450°C. Repetitive
injection of samples with boiling points below 300°C resulted in peak areas with a
relative standard deviation of 1.25 to 3.28% (n = 5) and good linearity (r2 > 0.9942) for
the calibration curve. In the analysis of polycyclic aromatic hydrocarbons and a base oil,
the peak areas of components with boiling points increased as the injection port
temperature was increased to 450°C. ‘
(2) We have developed a novel generator that constantly introduces a vaporous
modifier into the inert carrier gas. The effect of different modifiers on the retention
times of analytes using a medium polar stationary phase and the generator was studied.
When using formic acid as a modifier, the line of the van’t Hoff plot of acetic acid was
convexly curved. The inflection point was in the range of 100 to 120°C, which
corresponds to the boiling point of formic acid under pressurized conditions. The
inflection point was found to be related to the association of formic acid.
(3) To develop low emission vehicles, understanding the transit process, such as
hydrocarbons variation, is very important. '
The quick sampling GC system was developed to analyze specific hydrocarbons in
exhaust gas during transition condition of an engine operation. The system has abilities
of quick sampling of exhaust gases for as short as 0.2 sec and stable storing of the gases
for 10 hr. The gases sampled were analyzed one after the other with a dual column GC,
and C1 to C12 hydrocarbons of 250 components were quantitatively determined. The
system was confirmed to be applicable for analyzing hydrocarbon specification in cold
start transit condition.
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Table 1 Result of repeatability experiment

Compound M.W. B.P.(C) R.T.(min) RSD, % (6n)
ethylbenzene 106.17 136 1.82 3.11
ptm-xylene 106.17 138,138-136  1.89 3.16
1,3,5-trimethylbenzene 120.19 163-166 3.06 3.28
p-dichlorobenzene 147.00 173 3.7 2.79
n-decane 142.29 174 3.85 3.15
n-nonanal 142.24 195 5.59 1.25
n-dodecane 170.34 216 765  2.66
n-tridecane 184.37 234 9.26 1.94
n-hexadecane 226.45 287 12.63 2.87
di-n-butylphthalate 278.35 340 14.79 4.33
bis (2-ethylhexyl) phthalate 390.56 384 17.51 8.97
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Fig.2 GC chromatograms of base oil (FBK260) at
different injection port temperatures
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Fig.3 Generator of modifier
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Fig.4 van't Hoff plot of acetic acid with various modifiers (Porapak R)

Modifier:
@ : Without modifier @ : Lacticacid A : Propionic acid
B : Formic acid % : H20

Analytical column: Porapak R

14 g

1

 —— with modifier (Formic acid)
= without modifier

n-valeric acid .

heptanoic acid
benzoic acid

Output (mV)

0 5 10 15 20 25 30
R.T. (min)

Fig. 5 Effect of modifier (formic acid)on retention of
chemical having high-boiling points
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Fig. 6 Configuration of time resolved exhaust gas analysis system
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Fig.7  Schematic diagram of time resolved sampler
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Fig. 8 Storage stability of total hydrocarbon
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Fig.9 Time course of hydrocarbon concentrations during the acceleration
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