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G. BaBoxas, N. S. KoreTs, and S. MARCINKEVICIUS

Spectral dependences of the gyration tensor components gy, ¢35, refraction indices and birefrin-
gence of tetragonal CdP, are investigated at 300 K. The optical activity of the crystal is found
to be determined by both the crystal and the molecular contributions, the latter being due to the
distortion of the tetrahedral symmetry of the structural elements. The dispersion of the refractive

_indices is discussed on the basis of a single-effective-oscillator model. The ionicity of CdP, is equal
t0 0.56 and is close to the values of ATIBVI compounds and the ionicity of Cd-P bond in ATIBIVCY
semiconductors. The dispersion of the spectroscopic properties of CdP, is concluded to be mainly
determined by the Cd-P bound.

Hccnenyercss cnerTpajibHaA 3aBHCUMOCTD KOMIIOHEHT THPAUMOHHOIO TEH30DA g4, a5,
moKasaTeseii { ipesoMsieHns M AByUpeJIoMIIeHHA TeTparoHadsHoro CdP, mpm 300 K.
VCTaHOBIIEHO, UTO ONTHYECKAd AKTUBHOCTH KPUCTAIIA OTPENesAeTcs KaK KPUCTAIIIN-
YeCKUM, TaK W MOJIEKYJIADHBIM BRJIAQAOM, IIPA 3TOM IOCIENHMII 00YCI0BIIEH UCKAMEHIIeM
XapaKTepPHBIX CTPYKTYPHBIX TeTpasapoB. J[lucmepcusa I1orasareseil IIpeJoMJIeHUA
Hcclelyerca Ha OCHOBe MOJENHM eIMHUYHOro-agdeKTuBHOr0 ocuminiATropa. Iloayueno,
4yTto noHHOCTh CdP, paBHsercsa 0,56 u 110 cBoeMy 3Ha4YeHHUIO OJIM3KA K MOHHOCTAM COeIH-
wennii Tuna AUBVI, a tarske cesseit Cd-P B moaynposogaukax AIIBIVCY. Sarmwouaercs,
4TO JUCIEePCHs CIeKTPOCKoNnYecKnX cBoiicTB CdP, B 0CHOBHOM onpefesena csasbio Cd-P.

1. Introduction

The crystals of B-CdP, belong to the tetragonal system (space group D} or Df) [1].
Though the structure of the compound has no pronounced anisotropic features [2],
CdP, appears to be greatly birefringent and exhibits considerable rotatory power
along the optical axis [3]. Therefore, an interest in the magnitude and spectral depend-
ence of the optical activity effects in other, more general crystallographic directions
arises. It should be noted that the study of the dispersion of optical constants is useful
in ascertaining the origin of the optical properties and, on the other hand, allows one
to determine the ionicity of crystals in the frame of various models. The latter quan-
tity has proved to be important in ordering a number of properties of semiconductors
[4].
In this work the optical activity of CdP, has been studied along the optical axis
of the crystal as well as in the perpendicular direction. Corresponding gyration tensor
components have been determined. The origin of optical activity in CdP, is discussed.
Dispersions of the optical activity parameters, refractive indices, and birefringence
are examined on the basis of single-effective-oscillator models. The ionicity of the
compound is analyzed according to the dielectric theory of chemical bonding.

1) 52 K. Pozhelos, 232600 Vilnius, USSR.
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2. Experimental

Measurements were carried out on tetragonal CdP, single crystals grown from the
vapour phase. Samples oriented by X-ray diffraction were prepared in the form of
plane-parallel plates with thickness d in the range 25 to 200 um. The spectra were
measured at 300 K using a SPM-2 monochromator, Glan prisms, and a conventional
phase-sensitive detection technique.

According to the symmetry of CdP, crystals, the gyration tensor ¢; has two non-
zero components ¢y; and gy, [5]. The values of g,; were determined from the measure-
ments of the rotation angle y of the plane-polarized light propagating along the optical
axis using the relation yp = 7gy3/nyAd, where n, is the ordinary refractive index. The
measured values of the rotatory power p = y/d along the optical axis agree well with
those obtained in [3].

The gyration tensor component g;; cannot be found in such a straightforward man-
ner because of the linear birefringence. It may be determined by studying the state
of light polarization in the crystal. Let a linearly polarized light strike a crystal plate,
its direction being normal and its polarization parallel to the optical axis e. Then the
transmission of the sample for the crossed analyzer is expressed by the following
equation [6]:
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where G' = ¢;;l;l; is the gyration [5] (I;, ; are the direction cosines), n’, n’" are main
refractive indices when gyration is neglected, and # = J/n'n”. Equation (1) shows
that in this case transmission spectrum is a fringe curve. From its parameters the
absolute values of G and linear birefringence An = n’ — n’" ~ n, — n, were deter-
mined.

The spectra of n, and An were also measured by the interference method. The extra-
ordinary refractive index n, was calculated from the experimental data of n, and An.
The obtained values of refractive indices and birefringence are in agreement with
those determined in [3] by the prism method.

3. Results

The spectra of the gyration tensor components ¢;; and g, are shown in Fig. 1. Tt is
seen that the dispersion of gy, is more pronounced than that of ¢, and |gg| < |¢y| in
all the investigated spectral range. The corresponding specific rotativity along the
optical axis defined as [7]

A%

&= 2m*(n? — 1)2 2)
and is approximately constant in the transparent region. For CdP, the value of |&| =
= 1.4 x 1071% ¢cm is somewhat higher than that of ZnP, (1.1 x 1071° ¢m) [8], but
is close to the average value for the optically active crystals [7].

The spectra of ¢g;; and ¢y, can be well described by both the Chandrasekhar and the
Drude models [9]. Fitting Drude’s formula to the experimental data of ¢y, the charac-
teristic energy (2.46 eV) is close to the position (2.39 eV [10]) of the first CdP, reflec-
tion peak pronounced for e | ¢ polarization. The same characteristic energy value
follows from the corresponding spectrum of circular birefringence 8n = pA/w [5]
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/| Fig. 1. Experimental (points) and calculated (solid lines) spec-
I— tra of gyration tensor components g5, (1) and gy, (2)
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(Fig. 2). Taking into account the Kramers-Kronig relations, the reflectance peak at
2.39 eV is expected to be highly circularly dichroic.

The oscillator energy (3.38 eV) obtained from the dispersion of ¢;; does not cor-
respond to any particular peak in the reflectance spectra and therefore it is the average
for many interband transitions.

The spectral dependence of refractive index n, and birefringence An are shown in
Fig. 2. Dispersions of n, and n, can be successfully approximated by the single-effec-
tive-oscillator model [11],

2 A m EdEO

n 1= B — 5 (3)
with the values of £; and £, equal to 28.5, 3.67 eV and 27.8, 3.81 eV for n, and n,,
respectively. The linear birefringence An can also be described on the basis of (3), but
the corresponding single-oscillator energy (2.87 eV) does not reveal any particular
optical transition responsible for the optical anisotropy effect. The validity of the
single-oscillator approximation for CdP, is confirmed by the agreement between the
values of £, and £, mentioned above and those calculated from the Kramers-Kronig
analysis of the reflection spectra [10]. The latter values were determined using the
relationships [11] between K, K, and the r-th moments of the spectra of the imaginary

part of the dielectric constant e,(E), M, = (2/n) [ E"e,(E) dE.
0

-An, P60 ——>

Fig. 2. Experimental (points) and calculated
(solid lines) spectra of ordinary refractive index
n, (1), linear An (2), and circular 8n (3) bire-
fringence
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4. Diseussion

The optical properties of CdP, can be discussed on the basis of semiempirical models
[4,7,11] taking into account the peculiarities of the crystal structure of the compound.
The tetragonal CdP, crystal satisfies the general valence rule [12] and is a poly-
anionic compound. Though the anions P(1) and P(2) occupy crystallographically
nonequivalent sites, all the atoms have nearly tetrahedral coordination [1]. Therefore,
studying the spectroscopic properties of CdP,, slightly distorted tetrahedra as struc-
tural units and the two types of bonds, Cd—P and P-P, have to be considered.

Analyzing the optical activity of crystals, it is useful to examine the irreducible
components of the third-rank tensor of optical activity 5 [13]. The pseudoscalar part
7® represents the molecular contribution to the rotatory power and is expressed as
7 = 1/3(¢gs3 + 2¢,) € (e is the antisymmetrical third rank unit tensor) for crystals
of symmetry class D, [7]. The structural rotatory power is characterized by n® =
= 2/3(¢33 -— g11) €. The experimental results show that the ratio |gs5/g;| = 2 and varies
slightly with wavelength. Therefore, the molecular contribution in CdP, does not
vanish. This is a case similar to the benzile crystals and opposite to that of quartz [7].

Thus, the optical activity in CdP, has both molecular and structural contributions.
This is in agreement with the symmetry of the structural units. The tetrahedra formed
by the nearest neighbours of Cd, P(1), and P(2) atoms are slightly distorted [1]. The
distortion causes the decrease of the Ty symmetry and thus enantiomorphism of the
structural unit may be allowed.

The nearly tetrahedral coordination of atoms allows to compare the spectroscopic
parameters in CdP, with those in the other tetrahedrally bonded binary and ternary
semiconductors.

The dispersion energy £, obtained from the spectra of refractive indices is known
[11] to be related with the cation coordination number N, formal anion valency Z,,
and the effective number of valence electrons per anion N,

Ed i ﬂNcZaNe 3 (4)
The parameter f calculated from the experimental values of E; is equal to 0.40 eV
for n, and 0.39 eV for n,. These values are close to the “covalent” value , = (0.37 +
+ 0.05) eV for the tetrahedrally bonded A¥B8—% zinchlende and the diamond-type
structures. Then the ionicity of the crystal f; [4] can be evaluated by means of the
empirical relation [13]

60
= vt ] i YA 5

2 ( 1) (5)
which is valid for the materials with covalent structures. The mean value of f; = 0.56
shows the ionicity of CdP, crystals being close to that of A2B® compounds and higher
than f; of A3B5 semiconductors [4].

The spectroscopic parameters of the A2B4C3-type compounds are usually considered
to be composed of two contributions from the bonds A%?-C% and B*-C® [15]. The frac-
tional ionicity of the Cd—P bond is approximately constant in all the A*B*C5 semi-
conductors and is equal to 0.54. This value is close to that obtained for CdP,,.

In A2BC§ compounds the linear birefringence is mainly determined by the A-C
bond [16]. Following [16], the birefringence of a crystal is caused by the bond and local
field anisotropies. Two invariants of the local field tensor can be computed using the
experimental values of the susceptibility tensor components and the microscopic
polarizabilities [17]. The local field factor f and the local field anisotropy 3f for CdP,
are equal to 1.5 and —0.051, respectively. Therefore, the contribution of the local
field anisotropy to birefringence in CdP, has the sign opposite to that in CdB*P,-type

Ey
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semiconductors [16]. This is due to the different ordering of the Cd-P bonds in com-
pounds of D# and D3i symmetries.

Thus, the spectroscopic properties of CdP, are mainly determined by the Cd-P
bonds. The P—P bonds, responsible for the structure of the energy levels in the lower
part of the valence band [18] are important at higher energies and can be neglected
interpreting the dispersion of the optical constants in the region of transparency.
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