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Infrared polarization reflectance spectra of a single crystal of natural
natrolite were measured in a normal and parallel orientation to its crys-
tallographic c-axis. The spectra were monitored in the wavenumber range
20—2500cm ™" under the normal p, T conditions.

From the corrected spectra, dispersion curves of the absorbance index,
of both components of the dielectric permittivity, index of refraction, and
molar absorption coefficient were calculated with the help of Kramers—
Kronig theorem.

In various orientations of the crystal the reflectance spectra in the po-
larized radiation (R,II) do not differ significantly. This can be attributed to
the poor anisotropy of the crystal and to the superposition of the LO and
TO modes of vibrational bands. The dispersion curves respond in their
character to the theoretical prediction.

ITonspu3saumonHsle HHPPAKPACHBIE CIIEKTPHI OTPAXEHUSI MOHOKPHCTAJI-
Jla IPUPOAHOrO HAaTPOJIUTA ObUIM W3MEPEHBI HOPMAJIbHO M NapaJuleIbHO
€ro kpHcrajutorpaguyeckoi ocu c. CneKTpbl CHUMaJIMCh B IMana3oHe BOJI-
HOBBIX uHcen 20—2500 cM ™' npH HOpMaJbLHBIX NaBJICHHH H TEMIEPATYpE.

Hcxons U3 OTKOPPEKTHPOBAaHHBIX CIIEKTPOB OBLIH C HOMOIIBIO TEOPEMBI
Kpamepca—KpoHnura paccuuTanbl IHCHEPCHOHHbIE KPHBBIE MHOEKCA ITO-
IJIOMIEeHHs, 0OEHX COCTABISAIOMIMX AUIIEKTPUYECKON MPOHHIIAEMOCTH, I10-
Ka3aTeNs NPeJOMJIEHHS H MOJISpHOro ko3¢ dUIeHTa NOrIomeHus.

Ilpu pa3nM4HBIX OpHEHTALMAX KPUCTAJIJIa CIEKTPhl OTPaXXCHUS MpH
HoNsApu30BaHHOM o6myyennu (R,II) He oOTJIMYaNMCh 3HAYMTEIBLHBIM
obpa3oM. DTo MOXeT OBITH 00BICHEHO C1ab0il aHM30TPOIHEH KpHCTaIa
H cyneprnio3unueit koyebatenbHbix nojoc Tunos LO u TO. [ucnepcHoHHbIE
KpHBBIE IO CBOEMY XapaKTepy COOTBETCTBYIOT TEOPETHYECKOMY Mpen-
CKa3aHHUIO.

During the spectroscopic studies of crystals and inorganic glasses, the main
attention is paid to the determination of optical parameters of these substances.
Only the calculation of optical constants, both the real (n) and imaginary (k)
parts of the complex index of refraction N (N = \/¢; £is the complex dielectric
permittivity) enables further theoretical investigation of vibrational spectra.
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There exist several methods for determination of the optical constants of
absorbing media. Their application depends on the character of the studied
substance and on the radiation wavelength. One of the most extended methods
is the infrared spectroscopy (both absorption and reflectance). For substances,
which absorb heavily within the wavelength range of infrared radiation (for
example inorganic glasses and crystalline oxides), the reflection method of
infrared radiation is most suitable. Its theoretical fundaments are described in
many publications by e.g. Konig [1], Kronig [2], Poulet and Mathieu [3], among
others. For exact determination of N (1) and K (1), which characterize truthfully
the optical properties of material at a known wavelength, the following reflec-
tion methods may be used:

1. Coeflicient of reflectance R at two different incidence angles of the radia-

tion;

2. coefficient of reflectance R, of polarized radiation, the electric vector of

which vibrates within the radiation plane of incidence;

3. coefficient of reflectance R, of polarized radiation, the electric vector of

which vibrates normally to the radiation plane of incidence;

4. R, and R, at two incidence angles;

5. the ratio RS/R at two incidence angles.

Recently the method of the disturbed full internal reflection (DFIR) has been
used for computing the optical constants. Theoretical basis for this method is
discussed by Mathieu [3]. Actually, methods connected with the calculation of
Kramers—Kronig relations [4] are in broader use.

Basing on the solution of the Kramers—Kronig theorem, the corrected
reflectance spectrum and dispersion curves of both components of the dielectric
permittivity, index of refraction and the absorbance index are obtained. The
present paper reveals the reflectance spectra of the natrolite single crystal,
measured in polarized infrared radiation R, in a normal and parallel orientation
to the crystallographic axis ¢ of natrolite. The Kramers—Kronig theorem was
used for computing the optical constants.

Experimental

Reflectance spectra of the natural natrolite (Kola, USSR) were measured on optically
polished plates I0mm x 10mm x 3 mm, cut out from mineral single crystals. One plate
was oriented parallelly and the other one normally to its crystallographic axis c. Measure-
ments were made on the interferometer Bruker AM GmbH IFS 113 V (Dr. Petzelt,
Institute of Physics, Czechoslovak Academy of Sciences) within the wavenumber range
of 20—2500 cm ™' using polarized (R,II) radiation and mirror technique. Computing of
optical constants was effected by the program KKK 1 (Petzelt, Kroupa — Institute of
Physics, Czechoslovak Academy of Sciences) modified by O. Navratil (Institute of
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Geology and Geotechnics, Czechoslovak Academy of Sciences) for computer Tesla
JPR 12 R. The computed values were graphically plotted on computer-controlled X-Y
plotter.

The corrected experimental reflectance spectra for 100 % reflectance on an Al mirror
(R/% reflectance, solid line), dispersion curves of the absorbance index (4 — dotted line),
molar absorption coefficient (K — dotted line), index of refraction (N — solid line), real
part of the dielectric permittivity (£, — solid line), and imaginary part of the dielectric
permittivity (E, — dotted line) are illustrated in Figs. 1—6. The evaluation of the
oriented reflectance spectra in the polarized infrared radiation is shown in Table 1.
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Fig. 1. Polarization reflectance spectra of the single crystal of natrolite. The direction of the infrared

radiation (R,II) normal to the c-axis (full line). Wavenumber range 20—2500cm~'. The dispersion

curve of the absorbance index (A4) calculated by means of the KKK-1 program from the reflectance
spectrum (dotted line).

Discussion

Reflectance spectra of the natrolite single crystal (Figs.1 and 4) in the
polarized infrared radiation do not exhibit, in both orientations (beam direction
normal and parallel to the crystallographic axis ¢), any significant differences
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Fig. 2. Dispersion curves of the dielectric permittivity calculated from the reflectance spectrum in
Fig. 1. E, (full line) — the real part, E, (dotted line) — the imaginary part.

either in wavenumber or in band intensities of individual vibrations. The
proximity of vibrations at various orientations, to the crystallographic axis c, is
connected with the weak anisotropy of small-diameter forces, and depends only
on the Coulombian-type forces. They approach, by their character, the optically
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Fig. 4. Polarization reflectance spectra of the single crystal of natrolite. The direction of the infrared

radiation (R,1I) parallel to the c-axis (full line). Wavenumber range 20—2500 cm ™ !, The dispersion

curve of the absorbance index (A4) calculated by means of the KKK-1 program from the reflectance
spectrum (dotted line).

uniaxial crystals. The peaks of TO and LO modes of vibration are in close
position to each other and their recognition is impossible.

This concerns spectra ranges from wavenumbers 20—300cm~' and
1100—2500cm™". The range of spectra between ¥ = 300cm~' and 1100cm ™',

——

Fig. 3. Dispersion curves of the index of refraction (N — full line) and of the molar absorption
coefficient (K — dotted line) calculated from the spectrum in Fig. 1 by means of the KKK-1
program.
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Fig. 5. Dispersion curves of the dielectric permittivity calculated from the reflectance spectrum in
Fig. 4. E, (full line) — the real part, E, (dotted line) — the imaginary part.

Table 1

Evaluation of the infrared polarization reflectance spectra of the single crystal of natural natrolite

Orientation normal to Orientation parallel to
the c-axis of crystal the c-axis of crystal
vjem ™! R/% v/em™! R/%
1110 35 1110 31
1080 40 1095 41
1065 43 1060 45
995 60 990 62
960 53 965 52
675 15 675 27
625 32 620 18
575 18 575 17
575 19 505 18
— - 480 18
440 6 440 8
415 35 420 40
405 23 395 infl
— — 365 27
355 42 350 36
325 36 325 30
290 17 — —
275 17 275 17
260 18 260 16
240 16 240 10
220 17 — —
205 15 205 8
180 20 185 18
135 23 135 20

where vibrations of the bonds T—0, O—T—O0, and T—O—T (T = Si, Al) are
situated, gives sharp and relatively narrow peaks of bending vibrations
O—T—O0 and T—O—T around v=400cm™' and those of the asymmetric
stretching vibrations of T—O bonds within the wavenumber range of
900—1100cm ™" are very intense (Table 1). The latter vibrations give a doublet

-

Fig. 6. Dispersion curves of the index of refraction (N — full line) and of the molar absorption
coefficient (K — dotted line) calculated from the spectrum in Fig. 4 by means of the KKK-1
program.

Chem. Papers 42 (5)631 - 639 (1988) 637



F. PECHAR, D. RYKL

(995cm™" (60 %) and 960cm~"' (53 %)) and a triplet (1110cm™' (35 %),
1080cm~"' (40 %), and 1065cm ™' (43 %)) with a slight shifting of wavenumbers
in both orientations of the crystal. Here the separation of the TO—LO modes
of these vibrations could take place. At the same time, the LO modes could be
expected in the direction towards the high-frequency edge of bands [4].

Within the low-frequency spectral range, where bands of the T—O—T
torsional vibrations and lattice modes can be found at v = 20—300cm ™', there
occur relatively broad and rounded bands with low intensity; starting from
v=100cm~', only a broad diffuse background is perceptible. Beyond
v=1100cm™', only a single broad diffuse band with low intensity and a flat
peak around vV = 1500 cm~' can be found. It seems to belong to the combination
band of the T—O—T torsional vibration with the stretching vibration of the
T—O bonds. The dispersion curves of the absorbance index (4) have their
maxima shifted towards frequencies, compared with the reflectance maxima.
They have a smaller half-width and double intensity. This is in agreement with
the theory [4].

The dispersion curves of the real part of the dielectric permittivity (E,) lie
within the zone of maximum transmissivity and minimum reflectance, which
corresponds to the relation E, = N* — A% Dispersion curves of the imaginary
part of the dielectric permittivity (E,) follow the profile of reflectance spectra
and have a higher intensity. They correspond, by their character, to curves 4
(Figs. 2 and 4). This is in agreement with the relation E, = 2NA for the
computation of the imaginary part of dielectric permittivity [4]. The course of
dispersion curves (Figs. 3 and 6) of both parts of the refraction index, N and X,
corresponds to curves of the dielectric permittivity (E,, E,). All results suggest
that natrolite has a very low anisotropy of the optical properties and main
refraction indices. Those which are identical with 2-fold axes of the crystal are
very similar to each other. Maximum of the absorbance index corresponds to
the maximum of transversal vibration modes and the maximum of dielectric
conductivity coincides with the region of maximum transmissivity of the crystal
in both orientations.

Conclusion

Measurement of the polarized infrared spectra of a natrolite single crystal is
a suitable method for exact determination of dispersion curves of constants
within the studied wavenumber range. This is especially useful for further study
of vibration spectra and further measurements for the determination of physical
parameters of crystals for their eventual practical utilization.
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