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[57] ABSTRACT

A spectroscopic system for the analysis of small and very
small quantities of substances makes use for the purposes of
energy transfer of cone-shaped aperture changers (14, 15)
which are arranged in the object zone (8) between the light
source (L) and the sample (%) and, during absorption
measurements, also between the sample (9) and the inlet slot
(3) of a spectrometer (1). If the form used is a double cone,
the aperture changers (14, 15) facilitate an oblique coupling
in a capillary tube accepting the sample (9) which acts as a
step-waveguide for the coupled radiation.
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1

SPECTROSCOPIC SYSTEMS FOR THE
ANALYSIS OF SMALL AND VERY SMALL
QUANTITIES OF SUBSTANCES

DESCRIPTION

The invention relates to spectroscopic systems for the
analysis of small and very small quantities of substance,
particularly in the HPLC range.

Spectroscopic methods are frequently employed for ana-
lyzing substances in the fields of chemistry and biology.

Reference FR 2643147 Al discloses a process and an
apparatus for spectral photometry of liquids. Radiation
vertically traverses the liquid to be tested in the direction of
flow thereof by means of cone-shaped bodies. For this
purpose, the large end faces of the cone-shaped bodies are
directed at the liquid to be tested.

References DE-U-9013325 and GB-A 2116707 disclose
optical systems for testing liquids, wherein the essential
optical elements used for guiding the light are lenses.

None of the cited references are directed at a process for
analyzing small and very small quantities of substance,
however; nor do they refer to specific problems in micro-
analytical procedures.

Reference U.S. Pat. No. 4,379,235 discloses the use of
fiber-optical bundles in a scanner head for improving the
spatial resolution of the scanner.

The inventive complex is directed to the analysis of very
small quantities of substance. This automatically means that
the sample spaces shrink to filament-shaped cylinders
because of the largest possible path length. As there there
can be no parallel irradiation, one has to rely on approximate
solutions, preferred variants of which are described whithin
the framework of this invention.

The simultaneous spectrometer developed by the appli-
cant comprises a higher aperture than any other similar
device and, as a result, achieves maximum energy efficiency
and optimum spectral resolution. The high aperture entails
one limitation: so-called “complete image formation” (in
microscopy: Koehler’s principle) is no longer possible with
a lens system, as the spherical and chromatic errors limit the
degree of transmission. (In microscopy, one can resort to
immersion.) Hence, the solution resides in an aspherical
mirror optical system.

FIG. 1 shows a prior art spectroscopy system wherein the
spectrometer is a simultaneous spectrometer.

The core or main feature of the simultaneous spectrometer
1 is the use of self-scanning lines of diodes 2 which were
developed by Snow in 1975 and comprise 512 single diodes
over a length of 1.27 cm. The silicon diodes determine the
effective spectral range of the simultaneous spectrometer 1
of about 200 to 1000 nm. The use of the lines of diodes 2 in
a spectrometer as developed by the applicant is determined
by the line geometry, a diode width of 25 um defining the
width of the exit slit 3 of the spectrometer. In the formation
of images subject to the minimum error rate, i.e. 1:1, this is
also the width of the entrance slit 3. The 12.52 mm spectrum
length is extremely short for a spectrum of analytical
interest, e.g. the visible range of from 400 to 800 nm, while
the bandwidth of 0.8 nm is satisfactory. Said unusually small
linear dispersion signifies a very short focal distance of the
spectroscopic instrument, which would primarily result in a
small dispersion element. The spectral resolution (Rayleigh
criterion) for the 0.8 nm bandwidth cannot be realized in this
manner, however, so that solutions based on prisms are ruled
out. For a grating arrangement, short bandwidth, low groove

10

15

20

25

35

45

50

55

65

2

density and large grating area, i.e. a small spectrograph
having an extremely high relative aperture, are required.
This automatically leads to a light conductance capable of
competing with conventional instruments. The afore-said
requirements of the grating 5 are met by holographically
generated concave gratings.

Alighting unit 6 adapted to the design of the simultaneous
spectrometer 1 is shown in FIG. 1. In order that the spec-
trometer 1 may be utilized with the highest efficiency
possible, the arrangement is basically the same as in the
spectrometer; an aspherical (ellipsoidal) mirror 7 having the
same aperture replaces the high-aperture hologram grating
5. So as to achieve “complete image formation”, i.e. the
strictly conjugate sequence of source diaphragm—Ilens
diaphragm, etc., the miror 7 has the dimension of the
grating 5. The light source L and the image L' of the light
source which is the entrance diaphragm into the measuring
device at the same time, have to be very small. The light
source L is required to have a luminance as high as possible.
This requirement is met by xenon lamps of minimum
capacity (30 to 40 W) and an illuminated area of 0.3 to 0.5
mm, for instance. Deuterium lamps with illuminated areas of
0.5 mm, high Inminance and a power consumption of 35 W
are available for the ultraviolet range.

Between the diaphragm 4 with the light source image L'
and the entrance slit 3 of the spectrometer 1 there is the
object space 8 in which directional illumination, with only
a slight inclination of rays against the optical axis, ideally:
telecentric illumination, of an object or a sample 9 arranged
in a sample cell is required.

To achieve this aim, an optical system comprising lenses
10, 11 used to be mounted in front of and behind the sample
9. In this manner, no significant energy efficiency is
achieved, however; neither is it possible to restore the
aperture required for achieving the spectral resolution
(Rayleigh criterion) at the entrance slit 3 of the spectrometer
1. This means that the extraordinary possibilities offered by
the simultaneous spectrometer 1 cannot be utilized in prac-
tice.

Attempts have therefore been made to solve the afore-said
problem by using fiber-optical light guides 12, 13 in the
object space 8, as shown in FIG. 2. Such light guides are also
referred to as fiber-optical waveguides.

The fiber-optical light guides 12, 13 may be rigid or
flexible monofibers or fiber bundles. Fiber-optical light
guides are capable of transmitting the aperture concerned, o,
of 30° or more in the ultrioviolet region and of up to 90° in
the visible region without problem.

When the light is introduced in the fiber-optical light
guide 12 at the location of the image L' of the light source,
the light bundle leaves the light guide at the other end
thereof having the same aperture and intensity distribution.

The fiber-optical light guide 12 is not capable of providing
directional illumination of the sample 9 with an aperture
smaller than the entrance aperture, however. In the optical
sense, the exit aperture of the fiber-optical light guide 12 is
a conjugate location with respect to the entrance area;
however, even when there is a true optical image of the light
source at the entrance, there is none at the exit, as each
cross-section through the fiber-opticat light guide is equiva-
lent but not capable of forming an image. The exit area
therefore has the optical effect of a hole. The light guide
geometry, i.e. the aperture, is maintained, however. As the
end of the fiber-optical light guide is not capable of forming
an image, as mentioned before, it is not possible to generate
a defined image on the basis of subsequent lens or mirror
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optical systems, either. One therefore has to put up with the
fact that the problem of reversible aperture change cannot be
solved by the combination of fiber-optical light gnides with
conventional lens or mirror systems, although various
attempts have been made in this respect to no avail

It is an object of the present invention to provide a
spectroscopic system capable of achieving directional illu-
mination of the sample together with optimum energy trans-
mission. This object is solved according to the invention in
that for the optical energy transmission in the object space
between the light source or the image thereof and the sample
as well as between the sample and the entrance slit there is
provided a respective aperture changer which consists of a
coaxial conical fiber-optical light guide or mirror having a
light entrance opening and a light exit opening, the larger
opening facing the sample, and the sample being contained
in a capillary cell arranged between the aperture changers
along the optical axis such that it is transilluminated sub-
stantially in the longitudinal direction.

The light entrance opening and the light exit opening of
the aperture changer are preferably cross-sectional openings
normal to the optical axis.

The spectrometer has a high aperture but extremely small
slit and detector areas. The sample space requires a small
aperture in connection with a small cross-sectional area.
From the reciprocity: small area=large aperture, and large
area=small aperture, it follows that, if the area of the
spectrometer slit is considerably smaller than the cross-
section of the sample, the requirement can be met with an
aperture changer.

The spectroscopic system is preferably designed such that
the totally reflecting periphery of each cone of each aperture
changer is enclosed by a hermetically sealed hollow space
whose walls are preferably made of the same material as the
cones themselves, the hollow space conveniently being
formed of a mounting cylinder in which the cone has been
inserted. All fiber-optical light guides, i.e. also the aperture
changers, are only capable of radiating divergent light
pencils. If such energy loss in the marginal zones is to be
prevented, e.g. because the stray light may have a disturbing
effect, a correction lens may be additionally provided at the
aperture changer, preferably at the larger cross-sectional
opening thereof. As the aperture is already reduced at this
location, a lens can be used. Like the preceding
configuration, this embodiment preferably is a hermetically
sealed, monolithic functional unit.

According to a preferred embodiment of the invention, at
least a portion of a preferably cylindrical fiber-optical light
guide is provided before the smaller cross-sectional opening
of the aperture changer, the cross-section of said light guide
corresponding to said smaller cross-section of the aperture
changer preferably in the area of conmtact therewith, for
coupling the aperture changer to the light source or the
image thereof or the entrance slit of the spectrometer. The
fiber-optical light guide is designed, at least between the end
portions thereof, as a preferably flexible fiber-optical light
wire.

The invention is based on the finding that in spectral
analysis only problems regarding energy and optics
(frequency, amplitude, velocity, azimmth and axial ratio of
the electromagnetic radiation) have to be solved so that all
questions regarding image position, image definition, etc.
can be deferred, and the only important requirement is to
guide the light or radiation through the object space with as
little loss as possible and to adjust the inclination of rays, i.e.
the apertures, to the measuring method by suitable means.
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Refraction and diffraction effects are subject to dispersion,
i.e. they are not achromatic, so that means based thereon
have to be ruled out. The remaining means of choice
therefore are reflection means; preferably, use is made of
total reflection which is utilized in the fiber-optical light
guides anyway.

The solution according to the invention can also be
understood as the consequent reduction of a coaxial tele-
scope with inner wall reflections on a very small funnel-
shaped or cone-shaped aperture changer. The aperture
changer can easily be coupled to the fiber-optical light
guides which are used in many embodiments of the spec-
troscopic system anyway. As can be easily seen, the cone-
shaped configuration of the aperture changer changes the
aperture of the transmitted light such that the aperture is
large at the small cross-section and small at the large
cross-section.

According to another modification of the invention, a
portion of a preferably cylindrical fiber-optical light guide is
connected before the larger cross-sectional opening of the
aperture changer, the cross-section of the light guide corre-
sponding to said larger cross-sectional opening of the aper-
ture changer in the region of contact therewith, for coupling
the aperture changer to the sample, e.g. by means of cement-
ing.

As regards the energy transport in the object space it is
particularly useful for the end of a cylindrical fiber-optical
light guide connected before the respective end of the
aperture changer to be made of the same material as the
aperture changer. This applies also to a lens that may be
connected to an end of the aperture changer.

The respective fiber-optical light guide can be designed as
a monofiber, a light-conducting rod or an optical fiber
bundle; in the latter case, the fiber bundle adjacent the
entrance slit of the spectrometer may be in the form of a slit
in said end region, which slit replaces a separate entrance slit
of the spectrometer. Besides, it has proven to be advanta-
geous to choose the half cone angle [ of the aperture changer
such that a slight inclination of rays with respect to the
optical axis is achieved when the object is illuminated.

The half cone angle of the aperture changer is smaller or
equal to half of the maximum light exit angle from the
fiber-optical light guide leading from the light source or the
image thereof to the aperture changer disposed between the
light source or the image thereof and the sample. As men-
tioned before, the light exit angle of said fiber-optical light
guide is defined by the aperture of the lighting system, as the
light-conducting geometry, i.e. the aperture, is maintained in
the fiber-optical light guide.

If the system is intended for UV spectroscopy, quartz
funnels are used as aperture changers; the fiber-optical light
guides which are optionally connected therebefore, the
enclosure forming the hollow space for receiving the aper-
ture changer, and optionally a lens connected to the aperture
changer are preferably made of quartz, too. With such a
preferred configuration and an aperture of illumination of
0=26°, the half cone angle of the aperture changer B=£6.5°
and preferably is 5.5°.

According to another preferred embodiment of the system
according to the invention, the illumination arrangement is
a point or quasi point source of light which is imaged by an
aspherical mirror, preferably an ellipsoidal mirror, on the
entrance opening of the aperture changer disposed between
the light source and the object or of the fiber-optical light
guide connected before the aperture changer.

In the system according to the invention, the spectrometer
preferably is an arrangement consisting of a diffraction
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grating and a receiving unit, the diffraction grating prefer-
ably being a holographic concave grating and the receiver
being a line of photodiodes.
As a particular advantage, the mirror of the illumiration
device and the concave grating of the spectrometer have the

same aperture and/or the light source is imaged 1:1 on the
diodes of the photodiode line.

According to a preferred application of the system of the
invention, the measuring cell disposed in the object space is
provided such that one aperture changer each is connected,
at the larger cross-sectional opening thereof, to the inlet and
outlet of said cell directly or, optionally based on the kind of
use, via beam splitters or analyzer and polarizer arrange-
ments.

The at least onc sample cell is advantageously designed as
a flow-through cell.

In another preferred application of the system according
to the invention, the object is a surface whose spectral
reflectivity is measured. The surface can be illuminated
substantially vertically, e.g. for optical stress measurements,
or at an angle. In the latter case, the angle of incidence and
the angle of reflection may be identical or may differ from
each other along the lines of a gonio-spectrophotometer.

According to another preferred application of the system
of the invention, an interferometer arrangement, e.g. in the
form of a Michelson interferometer, a Jamin interferometer
or a Mach-Zehnder interferometer, is provided in the object
space. Conveniently, a measuring cell and a reference cell
are provided.

An improvement of the system according to the invention
employing an interferometer arrangement permits the dis-
persion of substances to be measured in a particularly
elegant manner. Measuring the velocity of light in a homog-
enous matter, i.e. the refractive index, has been neglected in
analytical processes in favour of absorption measurements
so far, although absorption as imaginary part of the—
always—complex refractive index is basically not more
informative than the real part, the rate of propagation.
However, absorption as a pure quantity of energy was more
readily accessible metrologically. In the case of substances
having resonant frequencies of the chemical bond beyond
the accessible spectral range, however, the imaginary part
disappears while the real part is maintained. This applies to
a large number of hydrocarbons, including all sugars and
alcohols, for instance.

The direct measurement of the refractive index usually is
a measurement of angle, and in analytical procedures it is
impaired by the fact that the analytically uninteresting
solvent makes up the major portion of the resultant refrac-
tive index. In order to avoid this drawback, the invention
suggests a differential-interferometrical measurement of the
dispersion over the whole spectrum, said dispersion being
obtained from the difference n(A}-ny(L), wherein n(}) des-
ignates the refractive index of the solution and ny(A) desig-
nates the refractive index of the solvent. This method is
superior to the pure dispersion spectra with respect to the
accuracy of determination; besides, the applicant takes the
view that there are no useful dispersion spectrometers avail-
able anyway.

In order to solve the above-mentioned object, the afore-
described system which includes an interferometer arrange-
ment is provided with at least one beam splitter for feeding
the measuring light supplied by the inlet aperture changer to
the inlets of the measuring cell and the reference cell and for
supplying the light refiected at the opposite end of the cells
after another passage therethrough to the outlet aperture
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changer. The substance which is dissolved in the solvent and
the dispersion of which shall be investigated is preferably
introduced in the measuring cell while the solvent is intro-
duced in the reference cell.

By using a source of white light, and on the basis of the
identical path lengths in the optical system for both paths of
rays, interference patterns representative of the dispersion of
the dissolved substance are obtained in the receiving plane
of the spectrometer from the light collected in the outlet
aperture changer in this manner. The interference patterns
exhibit a periodic sequence of bright and dark portions in the
receiving plane of the spectrometer, from which the refrac-
tive index with regard to the respective wavelength or the
wavelength-dependent course of refractive index over the
whole spectrum and thus the dispersion of the substance can
be determined on the basis of the departure from linearity,
i.e. from the change in the respective spatial frequency, e.g.
via Fourier analysis. The significant advantage of this sys-
tem resides in the fact that the whole dispersion of the
substance to be investigated can be determined by one
measurement when a simultaneous spectrometer is used.

According to another, particularly preferred application of
the system according to the invention, a polarizing device is
provided before the sample to be tested and an analyzing
device is provided behind the sample to be tested—seen in
the direction of the illuminating beam—for conducting
polarization spectroscopy, wherein a spectrometer is con-
nected to the analyzing device via a respective aperture
changer for determining the rotary dispersion and the
absorption spectrum of the sample on the basis of the
photocurrents from the spectrometers.

Using the system according to the invention as a spec-
tropolarimeter and absorption spectrometer in this manner is
particularly interesting because it permits the combination of
two totally different determinations on the basis of a single
measurement, and what is more, as a spectral function. This
metrological achievement also solves an urgent chemical-
pharmacentical problem, namely that of direct purity control
in the separation of enantiomers.

In another preferred embodiment, the spectroscopic sys-
tem according to the invention provides a possible way of
measuring the circular dichroism (CD).

For this purpose, the system comprises a beam splitter
which splits the light supplied by the inlet aperture changer
in two paths of rays which are polarized orthogonally to each
other during the splitting process, e.g. by means of a Glan
prism, or thereafter. One of the orthogonally polarized
bundles of rays is subsequently directed through a left-hand
circular polarizer, the other through a right-hand circular
polarizer, which polarizers can also be referred to as phase
retardation members. The bundles of rays then traverse at
least one measuring cell containing the substance to be
tested. The two bundles of rays separately emerging from the
measuring cell are subsequently supplied to respective
spectrometers, preferably a simultaneous spectrometer, via
respective aperture changers. As in the above-described
optical rotary dispersion, the measured quantity is the dif-
ference or the sum of the photocurrents of the two
spectrometers, the difference representing the circular
dichroism, the sum representing the absorption spectrum.

As far as the afore-described spectroscopic systems are
used for absorption spectroscopy, standard microcells, e.g.
of HPLC, are generally employed. In ordinary absorption
measurements, coaxial beams, path lengths in the cm-range
and below in the case of flow-through cells, beam diameters
of a maximum of 1 mm and typical cell volumes of 5 to 10
ul are standardized features, too.
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It is another object of the present invention to use the
spectroscopic system according to the invention also in
connection with extremely small quantities of substance.
Photometric (amplitude) measurements require certain mini-
mum path lengths. The minimum volume for correct optical
beam guidance is about 5 pl, as mentioned before. The
desired further reduction of sample quantities has led to
various types of instruments which are not very useful,
however. A common feature inevitably is that the measure-
ment is conducted in a capillary.

The further configuration of the invention described
below for solving said problem is based on the following
considerations.

The quantitative photometric analysis of liquids is based
on the law of Bouguer-Lambert-Beer which refers to the
relation of concentration-extinction and transilluminated
path length as a spectral function.

As a precondition for the applicability thereof it is
referred to the unhindered, i.e. non-reflecting, transillumi-
nation of the liquid with approximately paralle] light. This
automatically results in limited “light conductance”
(“geometric flow” according to DIN) which gets lower in
proportion to a reduction in the beam cross-section and an
increase in the path length traversed, which is the case when
small quantities of substance are to be subjected to mea-
surements of high sensitivity, i.e. exclusively in micro-
analytical procedures. There have been repeated attempts to
reduce the errors caused by reflections which inevitably
occur at the inner walls of the cells by so-called “refractive
index compensation”. Such errors cannot be eliminated
completely, however, as the dispersion of the cell material
may be known but not the dispersion of the sample material.
For this reason, the residual errors inherent in the system are
reduced by permanent reference measurements, usually
based on the solvent used, on the supposition that solution
and solvent do not differ significantly with respect to refrac-
tive index and dispersion.

The present improvement of the invention was triggered
by developments and findings in the spectral analysis of
small quantities of substance as they are typical in the field
of biochemistry, for instance. The absolute amounts of
substance available are very often extremely small, e.g. in
the case of glandular secretions, etc. The physiologically
relevant concentrations are usually also very low so that it is
often difficult, even impossible, to realize the path length
required for a significant photometric effect, since infinitely
small cell cross-sections cannot be irradiated with the
required power density without reflection over major
distances, as mentioned before.

For this reason, the present invention is based on the
further object of providing a microcell system for use in
absorption photometry, which ensures that the sample is
irradiated with sufficient power density in spite of minimum
cell cross-sections.

This object is solved according to the invention by a
microcell system for absorption photometry which com-
prises a cylindrical cell tube having a hollow core for
receiving a sample liquid which can be traversed at least in
a longitudinal section of the hollow core by radiation whose
absorption is subsequently measured, and which is charac-
terized in that the cell tube and the sample liquid are adjusted
with respect to the refractive index such that they act as a
step wavegnide for radiation, where the sample liquid forms
the core and the wall of the cell tube forms the sheath so that
radiation undergoes multiple reflection, preferably multiple
total reflection, at the outside wall of the cell tube and the
sample liquid is traversed by radiation several times.
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Optimum radiation efficiency is achieved when radiation
can be supplied to the step waveguide formed of cell tube
and sample liquid at an aperture angle which corresponds to
the maximum aperture of the step waveguide. The cell tube
is preferably made of an isotropic material which is non-
absorbing in the spectral range concerned.

The cell tube is advantageously designed as a circular
cylindrical micro-capillary having an inside diameter of less
than 0.5 mm, preferably less than 0.25 mm, more preferably
less than 0.15 mm, and an outside diameter of less than 1.0
mm, preferably less than 0.35 mm, and more preferably less
than 0.20 mm, so that sample liquids in the nanoliter range
are sufficient.

The invention provides a longitudinally irradiated cell of
measurable length which represents a light guide in prin-
ciple. The measuring space is constituted by the liquid in the
cylindrical core of the capillary. Guidance of the light beam
(of any length) along the cell is effected by the non-
absorbing coating or sheath of the capillary which always
focusses the progressive bundle of rays on the centrically
arranged sample space via total reflection.

The invention is based on the following simple principle:
the cell walls, which are non-absorbing in the spectral range
concerned, are integrated in the beam guiding system so that
a step index waveguide is generated wherein the sample
liquid is the core of the light guide and the cell walls are the
sheath.

The reflections at the outer cell wall are loss-free total
reflections. Analogous to an Ulbricht globe photometer,
however of elongate shape, the light guide cell according to
the invention is an integrator over the whole radiant flux
along the entire length, i.e. light conductance as the product
of aperture and entrance cross-section remains constant
irrespective of the length and is higher by several orders of
magnitude than in conventional cells.

However, the effective photometric path length, which is
a function of the lengths of the traversed paths in the sample
and the wall as well as the entrance aperture, has to be
redefined. When the aperture and the distribution of radia-
tion over the solid angle are known, the effective path length
can be calculated for every specific microcell system. Inves-
tigations conducted by the applicant have shown, however,
that usually minimum volumes are wrongly assessed to a
large degree in photometric measurements. For the applica-
bility of the photometric laws (Bouguer-Lambert-Beer, etc.)
presupposes a geometric optical system without diffraction
limitation the conditions of which are not fulfilled by today’s
micro and submicro methods, especially those according to
the invention, however. The result is an inhomogenous
distribution of energy in the space or in the direction of
propagation {caused by interference and diffraction effects)
which almost always goes unnoticed. Such energy discon-
tinuities are compensated by the integrating effect of the
light guide according to the invention so that correct pho-
tometric measurements are made possible. Due to the com-
plexity of the theoretical calculation, however, calibration
with standard substances is to be recommended. In practice,
the effective path length is therefore determined on the basis
of a reference measurement with a standard sample having
the same geometric configuration and the same solvent.

The physical and analytical-methodical gains attained by
the present invention concern the following crucial points:

1) Light conductance, i.e. the transferable optical
intensity, and thus the photometric sensitivity correspond to
the theoretically possible limit irrespective of the path

length.
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2) The cell, which can shrink to the dimensions of a
capillary, exhibits the required ideal constant cross-section
with laminar, transition-free flow.

3) A quartz capillary may be separation column and cell
at the same time in this manner. There is no downward limit
of the threshold volume.

Further significant benefits of this modification of the
invention will be described with reference to specific appli-
cations subsequent to the following statements concerning
the configuration of the capillary cell.

By way of the invention it is attempted to achieve a
low-reflection transition between the sample liquid and the
material of the sample cell tube.

According to a modification of the microcell system of the
present invention, a metal layer is applied at least on partial
sections of the outer surface of the cell tube. However, the
material of the cell tube is preferably selected such that total
reflection with respect to a gas, preferably air, surrounding
the cell occurs at the outside thereof, since reflectivity of the
metal layer is about 20% lower than in the case of total
reflection. For radiation of a wavelength in the range of
about 200 to 1000 nm, which is particularly significant in
spectroscopic processes, the use of a quartz cell tube is to be
recommended.

Unclad quartz fibers with air as the adjoining layer permit
an aperture angle of 90°, i.e. an inclination of rays of up to
45° with respect to the axis.

By using unclad, i.e. “bare”, capillaries as cells, the
microcell systems according to the invention can be manu-
factured easily and at low cost.

‘When using the cell system according to the invention it
also has to be considered that contamination and damping or
tarnishing, i.e. by condensation water, condensed solvents,
etc., of the surface causing total reflection should be
avoided, since it adversely affects the efficiency of energy
transfer. Transfer capability only breaks down, however,
when the tarnish reaches a thickness of about 0.5 to 1 pm.
Under laboratory conditions which can be regarded as
standard to some extent, such massive tarnishing hardly ever
occurs, however; if such defects do occur, they can be easily
repaired by cleaning the light guides in an ultrasonic bath.

In spite of said limitations, unclad quartz light guides are
a preferred material to be used in optical systems according
to present knowledge, as there are only few materials which
are constantly non-absorbing, isotropic and chemically inert
in the UV, VIS, NIR spectral ranges of about 200 nm to 3000
nm that are important for optical analysis techniques. There
is no glass covering the entire spectral range; above all, there
exists no type of glass suited for the short-wave UV spec-
trum. Some of the extraordinarily transparent fluorides
(tithium, calcium, magnesium and barium fluorides) are not
isotropic (MgF,), are mechanically rather soft, and some-
times cannot be processed into fibers. Besides, they are not
sufficiently chemically resistant for all applications. Among
the oxides, two are particularly interesting for the purpose
concerned: Al,O; and SiO,, ie. synthetic sapphire and
synthetic quartz. Both materials are of extraordinary optical
transparence, chemically inert and highly temperature-
resistant. As regards the refractive indexes, however, they
differ widely from each other. Quartz is in the lower,
sapphire in the upper threshold range of optical materials.

Since, in order to realize the microcell system in a manner
as simple as possible, a transition between liquid and sheath
or coating material of as little reflection as possible is
desired, along with preferably total reflection with respect to
air; sapphire, which has a refractive index of about 1.8, is

10

15

20

25

30

35

45

50

55

65

10
less suited while quartz, which has a refractive index of
1.458, is very well sunited for this purpose, as the sample
liquids usually lie in a refractive index range of about 1.3 to
1.5. (Plastics are considered to a lesser extent because of the
absorption bands caused by their structure.)

In the majority of applications flow-through cells are
required which ideally should be traversed laminarly with-
out any change of cross-section, with the direction of flow
and the optical path coinciding in the case of elongate cells.
In conventional cells, the cross-section of the ray pencil is
smaller than the flow cross-section, which is a precondition
for non-reflecting, i.e. faunltless, jrradiation. Said system-
inherent, incomplete utilization of volume renders the
design of the inlet and outlet passages simple. In the solution
according to the invention, however, the optical ray pencil
cross-section is continuously larger than the flow cross-
section of the sample, which results in the inlet and outlet
passages having to cut into the path of rays somewhere when
coaxial incidence of light in the “cell light guide” is desired.

According to a preferred embodiment of the flow-through
cell, both ends of the cell tube are provided with an annular
attachment piece comprising an inlet port and an outlet port
opening into an inlet bore and an outlet bore of the cell tube,
a metal layer being applied between the attachment piece
and the oumter surface of the cell. This embodiment is
particularly suited for axial coupling and/or decoupling of
radiation to the cell.

Particularly preferred is the oblique coupling and/or
decoupling of radiation to the. cell, however.

Coupling and/or decoupling is conveniently effected by
means of a cone-shaped body which is preferably made of
the same material as the cell tube and which comprises a
groove on the cone sheath or coating, the radius of curvature
of said groove ideally corresponding to the outer radius of
the cell tube, and the cell tube being supported in the groove
by interposition of a non-absorbing means such that in the
case of radiation coupling the tip of the cone-shaped body
points in the direction of the path of rays and, in the case of
radiation decoupling, the tip of the cone-shaped body points
in the direction opposite the path of rays. The cone-shaped
body is preferably designed in a circular-cylindrical manner,
the angle included by the longitudinal axis of the cone and
the cone sheath preferably being smaller than, or equal to, a
quarter of the maximum aperture angle of the step
waveguide. In a cone-shaped body and a cell tube made of
quartz, the angle included by the longitudinal axis of the
cone and the cone sheath is about 15° to 22.5°, preferably
about 20° to 22.5°, for optimum energy transfer.

In consideration of the small sizes concerned, it is not
absolutely necessary to cut in an exactly fitting cylindrical
groove because usually a simple 90° angular groove with an
immersion means suffices.

When prismatic capillaries are used, which are common
practice in thermometry, a partially ground plane face on the
cone is sufficient, which considerably facilitates the manu-
facturing process.

For reasons of ease of operation, it has further proved
favorable to connect the cell system to a light source and/or
a measuring device by means of one of the afore-described
aperture changers which comprises a coaxial, cone-shaped
light guide or mirror with a light entry port and a light exit
port, the larger of the ports facing the cell tube. The aperture
changer is preferably made of the same material as the cell
tube and optionally the cone-shaped body used for coupling
and/or decoupling, the light entry port and the light exit port
of the aperture changer preferably being cross-sectional






