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A combined GC-LOAS system (a gas chromatograph and a laser optoacoustic spectrometer)
has been devised and comprehensively studied, and a number of typical chromatographic
tasks solved with this system is given. The sensitivity of the OA detector used in the system
with respect to the detectable absorption factor is 2 10-7 cm- which corresponds to a
concentration sensitivity for methanol (k 9.695 Ixm) of about 10" g/cm3. It is shown
that the chromatographic resolution almost does not become worse if the OA detector with
a 2.7 cm chamber volume is used with a packed column. The experimental results are
presented which show the identifying potentialities ofthe laserOA method in chromatographic
analysis of a mixture of butanol isomers and the increased resolution of a chromatographic
analysis of isopropyl alcohol admixture in ethyl alcohol. Also, it is shown how to solve the
task of analyzing the xylene isomers which cannot be separated in the column. The laser OA
method has been qualitatively compared with other selective methods in gas chromatography.
Recommendations have been proposed for improving the characteristics of the combined
GC-LOAS system.

1. INTRODUCTION

One of the most important practical applications of laser optoacoustic (OA)
spectroscopy is to detect trace amounts of molecules in different media. 1,2

Along with high sensitivity, an important requirement placed upon the OA
method in analysis of multicomponent mixtures is to provide a good se-
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lectivity. According to the type and quantity of the components under
analysis the selectivity of the OA method can be provided by different
methods. In detecting relatively simple gas mixtures with a low molecular
weight and intense isolated absorption bands the selectivity of the OA
method can be increased by proper choice of laser radiation lines. In
analysis of more complex mixtures of low-molecular-weight gases (at-
mospheric pollutants, for example) the selectivity of the OA method can
also be increased due to some differences in the parameters of saturation,
relaxation, the temperature dependences of absorption factors of the mo-
lecular components in the mixture, etc. The most difficult problem is to
detect multicomponent mixtures of complex polyatomic molecules, for
example organic ones. This is due to a strong overlapping of the absorption
bands of such molecules similar in structures. A combination of the OA
method with other analytical methods and particularly with the chromat-
ographic one can solve this problem, that was first demonstrated in Ref.
3. In the present work the potentialities of the OA method in gas chro-
matography are considered in more detail and the typical tasks solved with
the use of this method are analyzed.

2. PRINCIPLES OF OA DETECTION IN GAS
CHROMATOGRAPHY

The measuring technique in combined GC-LOAS system (gas chromato-
graph and laser OA spectrometer) consists of the following. In the gas
chromatograph the multicomponent mixture is preseparated into compo-
nents in the chromatographic column. From the column output these com-
ponents enter the laser OA detector chamber in succession with time (Figure
1). In such a system the OA detector acts, in essence, as a selective
chromatographic pickup which enables to identify the separated compo-
nents by measuring: 1) the retention time of components in the column
and 2) their OA absorption spectra.

In the GC-LOAS system two basic modes of measurement can be used:
a) in a continuous gas flow and b) an "interrupted" mode. Under "inter-
rupted" operation the single components separated in the chromatographic
column are caught in the cell for subsequent measurement of the OA
spectrum under static conditions. The first mode is more interesting for
studies as the second one consumes more time and, in essence, is reduced
to the standard mode of operation of the OA detector.
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The following typical situations may take place in gas-chromatographic
analysis with OA detection.

1) Some components of the mixture are separated almost completely in
the chromatographic column. In this case the use of an OA detector allows
to increase the reliability of identification of these components. This is
particularly useful when their number in the sample is great. Such a sit-
uation is characteristic, for example, of the case of chromatographic anal-
ysis of food products, pyrolysis products of some high-molecular-weight
compounds, etc.

2) Some components of the mixture are only partially separated in the
colunm. In such a situation the choice of spectral laser ranges, in which
the radiation absorbs preferably one component, provides an increase in
resolution of the GC-LOAS system.

3) Some components are not separated in the column. Then, due to
preliminary chromatographic separation, the analysis of a multicomponent
mixture with the use of an OA detector is reduced to rather a simple task
of analysis of binary or at least ternary mixtures. This task can be solved
by measuring the OA spectrum of such a mixture with subsequent math-
ematical processing of the results.

In each case, we are now going to consider how to study examples of
practical solutions using the GC-LOAC system.

3. EXPERIMENTAL SETUP

The setup designed to estimate the applicability of the OA method in gas-
chromatographic analysis is schematically illustrated in Figure 1. It is based
on a modification of the commercial gas chromatograph "Biochrom-l". A
packed "Apiezon-L" column with its length of 1.5 rn and inner diameter
of 3 mm was used in the experiments. Helium was used as a carder-gas.
Under continuous operation, when connected directly to the column

output, the OA detector must comply with the following special require-
ments: 1) An effective operation with a continuous gas flow at a rate of
up to 50 ml/min; 2) an operation taking place in a wide temperature range
(up to 350-400C) which eliminates condensation of vapor of the com-
pounds on the detector elements (windows, walls and microphone); 3) a
minimum volume of chamber which eliminates chromatographic peak
broadening; 4) a small time constant and the possibility of fast scanning
across the spectrum which is essential for effective analysis of separate
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peaks within the time of their passage through the detector chamber (ap-
proximately from 1 to 20 s) and, at last, 5) high sensitivity characteristic
of conventional OA detectors. Some of these requirements are conflicting
and in practice their fulfillment is based on a compromise.
On the basis of the devised designs of OA detectors with a heated

chambeP and with continuous gas pumping through the resonant chamber
we have worked out an OA detector for the gas chromatograph which is
similar to the one described in Ref. 3. The detector chamber is cylindrical
in form and made of stainless steel. Its length is 14 cm, inner diameter
0.5 cm, so the chamber volume is about 2.7 ml. Plates of ZnSe are used
as windows. The OA detector is placed fight on the heater of the chro-
matograph detector block. The detector chamber temperature can be kept
in the range from 30 to 350C. The small diameter steel tubes gas input
(from the colunm to the detector chamber) and output are also heated. The
microphone used in the detector is a commercial condenser microphone
(CMS-19 type) with a 10 mV/Pa sensitivity. To preserve the stability of
operation, the microphone is removed from the chamber under heating and
is connected to it by a small-diameter tube cooled by running water. To
prevent the sample from penetrating into the microphone volume, counter-
flow scavenging of the connecting channel with gas (He) is used.
The gas after the OA detector is introduced then in an ordinary chro-

matographic flame-ionization detector (FID) which was used for indepen-
dent control of the value of the sample introduced. Besides, it was envis-
aged to connect the FID to the column outlet in order to compare the
efficiencies of the OA detector and FID.
The following lasers were used as radiation sources: a 12C1602 laser (the

tuning range from 9.2 to 10.8 Im), a 13C1602 laser (9.6 to 11.4 Im) and
a He-Ne laser (h 3.39 Im) which when tuned to h 0.63 Im was
also used to adjust the optical scheme. The CO2 laser was tuned to different
wavelengths by turning the intraresonator diffraction grating. The radiation
was modulated with a mechanical chopper and focused into the chamber
by BaF2 lens with a focal distancef 25 cm. Some part of this radiation
was directed to a pyroelectric photodetector to control the radiation power.
In the recording system, lock-in detection of OA signals and their nor-
malization to the radiation power level were performed.
The threshold sensitivity of the OA detector in the form of minimum

detectable absorbed power limited only by the electronic noise of the
recording system is about 3 10-s W cm-. But actually the OA detector
sensitivity is limited mainly by the mechanical vibrations in the chro-
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matograph and the fluctuations of the background signal from the windows
and walls of the chamber.* The real threshold sensitivity of the OA detector
in the form of minimum detectable absorption in our experiments is 2
10-7 cm-.
The concentration sensitivity of the OA detector was also determined

using the adjoined chromatograph. For this purpose about 2 10-a Il of
methanol was introduced into the column and the 12C602 laser was tuned
to the maximum of absorption band of methanol (k 9.695 m). In this
case the threshold concentration sensitivity of the OA detector for methanol
is around 10- g/cm3 which at a rate of carder-gas flow of 30 cma/min
complied with a flow of matter of 5 l0-11 g/s. For comparison it must
be noted that the threshold sensitivity of the FID used with methanol under
the same measuring conditions is about l0-1 g/s.
The influence of the volume of OA detector chamber on a broadening

of chromatographic peaks was estimated with injection of 0.1 il of benzene
into the column. In this case the chromatographic peaks of benzene were
measured by connecting first the OA detector to the column output and
then to the FID. The influence of the volume of the latter because of its
smallness may be neglected. The results of these measurements are given
in Figure 2. Broadening of the peak measured with an OA detector does
not exceed 15% when compared to that measured with a FID.

4. EXPERIMENTAL RESULTS

The potentialities of the combined GC-LOAS system are illustrated in
Figure 3 which presents the results of analysis of a mixture of butanol
isomers. These isomers can be separated well enough in the chromato-
graphic column. This is evident from the results of measurements with the
use of a FID (Figure 3a). But the identification of isomers only by the
retention time is not always reliable. Measuring OA signals at different
wavelengths (Figure 3b), however, enables more reliable identification of
isomers from characteristic IR spectra. For illustration, Figure 4 shows the
results of the comparison of the measured OA spectra to the known ab-

*The background signal itself was present in our measurements in the form of the steady
component of OA signal and was subtracted from the latter.
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FIGURE 3 Chromatographic measurement of butanol isomers with the use of a FID (a)
and a laser OA detector (b).

sorption spectra. Within the limits of measuring error it is possible to
identify with high reliability these spectra (even though the measurements
were carried out in rather a narrow range of wavelengths).

Moreover, by selection of a proper spectral range of laser operation it
is quite possible to attain higher sensitivity of the OA detector for a specific
compound in the mixture which, on the whole, increases the resolution of
the chromatograph and the sensitivity of the GC-LOAS system. Figure
5b, for example, demonstrates the possibility of reliable detection of the
10% mixture of propan-2-ol in ethanol as the CO2 laser is tuned to the
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FIGURE 5 Chromatographic measurement of a 10% admixture of propan-2-ol in ethanol:
a) with the use of a FID; b) the spectrochromatogram obtained with the use of a laser OA
detector.
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line with k 10.492 ttm for which the mixture has maximum absorption
while the absorption of ethanol is a minimum. At the same time, when
recorded with a FID, the peak of the admixture is almost completely
screened by a wing of the ethanol peak due to an insufficient degree of
separation of these alcohols in the column (Figure 5a). Thus, the choice
of a proper range of laser operation makes it possible, due to a spectral
contrast in the absorption of the different components, to increase the
detection selectivity and widen the scope of identification of such impurities
with the use of the GC-LOAS system.

Finally, for the case of chromatographically hard-to-separate com-
pounds, the mixture of two isomers m-xylene and p-xylene was chosen
since these isomers could hardly be separated in the column we used.
Figure 6 shows the chromatograms of single isomers and their mixture in
the ratio 1:1 (a), and also their corresponding OA spectrochromatograms
(b). In this case the spectrochromatogram measured in the characteristic
regions of absorption spectra of each isomer enables us to easily calculate
the quantitative content of each of them by solving a system of concen-
tration equations for binary mixtures. This operation is rather trivial in
spectroscopy in general and in OA spectroscopy in particular. It is im-
possible, however, to realize such an operation with a FID because of its
low selectivity.

5. DISCUSSION

Despite the preliminary character of the obtained results we can draw the
following conclusions.
Compared to the FID widely used in gas chromatography, the laser OA

detector allows an essential increase in selectivity when multicomponent
mixtures are analyzed. But for most compounds the sensitivities of both
detectors are of the same order of magnitude. Besides, there is a real
possibility of increasing the sensitivity of the described OA detector by
no less than one order.
As compared to other selective methods of recording in gas chroma-

tography (ordinary IR spectroscopy and Fourier spectroscopy), the poten-
tialities of the described GC-LOAS system are somewhat lower because
the spectral tuning range of lasers is limited. The sensitivity of OA spec-
troscopy, however, is higher than that of the noted methods by three orders.
The spectral range can be widened by using a sequence of lasers the
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FIGURE 6 Chromatographic measurement of xylene isomers: m-xylene, p-xylene and their
mixture in the 1:1 ratio: a) with the use of a FID; b) the corresponding spectrochromatogram
obtained with the use of a laser OA detector.
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generation region of which falls within the characteristic absorption bands
of the compounds under analysis. Now this condition can be fulfilled to a
sufficient degree with isotopic CO2 and CO lasers and F-center lasers.
The GC-LOAS system is still inferior to the Fourier-spectrometer-chro-

matograph, for example, in one more important parameter, that is fast
response. In the described experiments, for every injection of the sample,
the measurement was performed only at one wavelength. This increases
the total duration of an analysis up to 30 minutes even though the retention
times of the compounds used in the experiments were no higher than 1
min.
The fast response essential in this case for measuring the whole OA

spectrum during the appearance of one peak can be accomplished by using
lasers with fast scanning across the spectrum. The scanning system for
gas lasers described in Ref. 7 can be applied in this case.

Besides, in practice one often need not study the whole composition of
a multicomponent mixture, and it is only necessary to detect with high
sensitivity a few or even one compound. In our case we can use a multiplex
scheme of laser OA spectrometer in which radiations with different wave-
lengths from several lasers are simultaneously passed through the OA
detector. The laser radiations in this case are modulated at different fre-
quencies and the corresponding OA signals are discriminated then with
the use of selective amplifiers. Such a scheme necessitates a set of three
to five simple and compact lasers with high sensitivity retained, while in
the scheme with fast scanning, the sensitivity may be reduced because of
necessity of using a wide-band recording system.
As far as chromato-mass-spectrometry is concerned, the GC-LOAS

system is inferior to it both in sensitivity and selectivity. Possible advan-
tages of the laser OA detector may be its simple design, its simple service
and its comparatively low cost. Besides, laser OA spectroscopy allows
solving some tasks which cannot be solved by mass spectroscopy. Among
them is the analysis of certain isomers, substances with similar mass spec-
tra, etc.

Finally, it should be noted that, because of its relatively large chamber
volume, the described OA detector is not suitable for work together with
highly effective capillary columns. But there is a real possibility of creating
an OA detector with good parameters and a chamber volume of up to
10-50 Ixl. In this case, to eliminate the influence of the background signal
from the windows and walls of the chamber, it is advisable to use a
differential scheme with two detectors in series. Through one of them the
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gas from the column is passed and through the second one the "pure"
carder-gas. In this case the background caused by potential impurities in
the carder-gas will also be eliminated.
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