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ABSTRACT

A sample cell for observing the Shpol’skii effect at 77 K is described
and analytically assessed. The cell employs fiber-optic light guides to
transport excitation and emission radiation. The system is compact,
inexpensive, simple to construct from commercially available laboratory
components, and alleviates several problems inherent in conventional
refrigerated-cell designs. Detection limits for anthracene, coronene, and
pyrene obtained with the sample cell are 8.8 x 10 '8M, 8.4 x 10'7M, and 3.5

X 10'7M, respectively. The linear dynamic range for each compound is 2 to 3

orders of magnitude.
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INTRODUCTION

‘ It has long been known that certain aromatic compounds dissolved in a
suitable n-alkane solvent can be cooled to 77 K and will produce "quasi-
linear" excitation and emission spectral. This "shpol’'skii" effect, so
named in tribute to its discoverer, has become a widely used technique for
the analysis of complex mixtures of polycyclic aromatic hydrocarbons (PAHs)
and other compounds.

The most powerful application of the Shpol’skii effect as a qualitative

tool lies in the ability to selectively excite individual components of a

complex mixture of PAHs without pre-separation. For example, Gaevaya and co-

workers showed that individual PAHs could be determined in a mixture of 15

PAHs with little pre-treatmentz. This capability has been demonstrated by
use of conventional excitation sources3, as well as with a tunable dye
laser®:3.

When several instrumental and theoretical shortcomings are addressedG,
Shpol’skil spectrometry becomes an attractive method for quantitative
analysis also’. Analytical figures of merit for the Shpol’skii technique
have been published8'9 and a comprehensive review of its application in
analytical spectrometry has appearedlo.

Because a sample must be cooled to cryogenic temperatures in Shpol’skii
spectrometry, the sample-handling system is critical. Ordinarily a sample
solution is immersed into a special Dewar-based cell filled with liquid

nitrogenll 12'13.

or is cooled directly with a closed-cycle cryogenerator
However, both methods have shortcomings. A Dewar cell filled with liquid
nitrogen suffers from interferences caused by bubbles liberated from the

boiling nitrogen as well as from condensation of atmospheric gases on the

sample cell. To remedy the problem of condensing atmospheric gases, a




heating element must be placed around the sample cell and dry nitrogen blown
onto its face. Also, in some designs of this type, the entire sample cell
must be frozen and rethawed before each new determination. 1In comparison,

closed-cycle cryogenerators suffer from cost and the awkwardness and bulk of

their vacuum systems.

The objective of the present investigation was to develop a sample cell
which would eliminate the above shortcomings and, in so doing, make
Shpol’skii spectrometry much simpler and more attractive. The new sample
cell employs fiber optics and relatively conventional sample vials and
allows simple and rapid analyses of samples with sensitivity comparable to
that of conventional Shpol’skii spectrometry. Submicromolar detection
limits can be obtained even on mixtures of PAHs, and the dynamic range for

an individual PAH extends over two to three orders of magnitude.

EXPERTMENTAL

Apparatus. The sample cell was constructed from commercially available
components (Figure 1). Seven (1 excitation, 6 emission), 600uM fused-silica
fiber-optic cables (Galileo Electro-optics Corp., Sturbridge, MA) were
epoxied (EpoTek, Epoxy Technology, Inc., Billerica, MA) into a‘rine-cm-long,
2.9-mm i{.d. quartz tube which had a quartz window fused onto its end. The
quartz tube was then inserted and secured through a hole drilled into the
cap of a plastic microcentrifuge vial (Sarstedt, W. Germany). The range of
sample volumes usable with this cell is approximately 0.25 to 1 ml.

A block diagram of the spectrometric system employed in these studies

is given In Figure 2. An argon-ion laser (Spectra-Physics model 171) was
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used in the multi-line UV mode at a current of 37 amps and a radiant power
output of 200 mW. A bandpass filter (Melles Griot, Irvine, CA) was placed
between the laser and the fiber-optic probe to isolate the most intense

laser line which occurs at 363.8 nm. The laser light was focused onto the
excitation fiber of the probe and the subsequent fluorescence was focused
into a double monochromator (Model 1680A, Spex Industries, Inc., Metuchen,
NJ) and detected by an RCA R928 photomultiplier tube (PMT) at -1000 volts.
The PMT current was sent to a strip-chart recorder (Heath Model SR-204,

' Benton Harbor, MI) via a picoammeter (Kiethley Instruments, Model 414S,

Cleveland, OH).

Reagents. The PAH analytes were selected for study according to
their relatively low toxicity, highly fluorescent nature, and low cost. All
PAHs were purchased in the purest form commercially available and were not
purified further. The PAHs chosen were: anthracene (Aldrich, Cincinnati,
OH; Gold Label, 99.9%), pyrene (Aldrich, 99+%), and coronene (Aldrich, 99s).

The Shpol’'skii solvent was n-heptane (Mallinckrodt, Paris, KY,
Spectroscopic Grade), suitable for the dimensions of the PAHs used in these
experiments. The n-heptane was used as received, without further
purification.

Procedure. Sample solutions were placed into the disposable centrifuge
vials and each vial secured onto the screw-cap probe top. The entire sample
cell was then immersed into an open-ended conventional Dewar flask which was
filled with approximately 100 ml of liquid nitrogen. The cell was then
allowed to cool for 4 minutes to ensure complete freezing (n-heptane freezes
into a snow rather than a glass). The frozen sample was then irradiated and
the selected fluorescence wavelength range scanned with a monochromator

bandpass of 0.5 nm. At the completion of each scan, the sample cell was

o
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removed from the Dewar and allowed to thaw. The entire analysis time was

approximately 10 minutes per sample.

RESULTS AND DISCUSSION

Shpol’skii Spectra. The quasi-linear fluorescence spectrum of
anthracene obtained through use of the new fiber-optic probe is shown in
Figure 3. The full width at half maximum (FWHM) of the 403 nm band in the
anthracene spectrum was measured to be 1.3 nm. Similarly, Figure 4 shows
the quasi-linear fluorescence spectrum of coronene. The FWHM of the 447 nm
band in this spectrum is 0.6 nm. Finally, the quasi-linear spectrum of
pyrene can be seen in Figure 5. The 393 nm band of this spectrum has a FWHM
of 0.8 nm.

Phosphorescence spectra. The fiber-optic Shpol’'skii probe can be used
for phosphorescence measurements in the same manner and using the same
spectrometric system. As an example, Figure 6 shows the low-temperature (77
K) phosphorescence spectrum of coronene in n-heptane.

Analytical Figures of Merit. Analytical curves for the Shpol'’skii
fluorescence of anthracene, coronene, and pyrene are displayed in Figure 7.
The wavelength which gave the greatest signal in each individual
fluorescence spectrum was used for the calibration curve for that PAH. The
limit of detection and linear dynamic range of each PAH was governed by the
strong, scattered laser light from the frozen sample matrix.

The limits of detection for anthracene, coronene, and pyrene were
determined to be 8.8 x 10-8 M, 8.4 x 10°7 M, and 3.5 x 10'7 M, respectively.
The detection limit was taken as the concentration of PAH giving a signal-
to-noise ratio of 3. The limits of detection obtained with the new fiber-

optic cell compare well with those reported for a conventional Shpol’skii
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The usable dynamic range for each PAH is two to three orders of
magnitude. The lowest concentration value plotted on each analytical curve
is the limit of detection. The relative standard deviations for seven
replicate measurements on each fluorophore at a concentration roughly in the
center of the respective calibration curve were: anthracene, 6.8%; coronene,

13%; and pyrene, 15%.

CONCLUSIONS

The fiber-optic sample cell has been shown to be useful for obtaining
fluorescence and phosphorescence spectra of PAHs in Shpol'skii mstrices and
has many advantages over conventional Shpol’skii s#mple cells. Because the
fiber-optic strands are frozen directly within the sample matrix, the new
cell overcomes problems caused by nitrogen bubbles and condensation of
atmospheric gases. The cell is compact, inexpensive, and simple to
construct from commercially available laboratory components. Finally, the
analytical figuies of merit for the Shpol’skii sample cell are comparable to

those found in the literature for conventional Shpol’skii cells.
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Figure Captions

Side view and end view of the fiber-optic Shpol’skii sample cell.
Block diagram of spectrometric system.

Quasi-linear fluorescence spectrum of anthracene in heptane at
77K.

Quasi-linear fluorescence spectrum of coronene in heptane at 77K.
Quasi-linear fluorescence spectrum of pyrene in heptane at 77K.
Phosphorescence spectrum of coronene in heptane at 77K.

Analytical calibration curves for PAHs in heptane at 77K.
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