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Abstract—The optical absorption spectraof Rb,Mn,Cd; _,Cl, crystals are experimentally studied in the vicin-
ity of a magnon sideband of the exciton band at a manganese content x ranging from 1.0 to 0.4. Additional
absorption bands are observed with an increase in the magnetic structural disorder upon replacement of man-
ganese ions by cadmium ions. An analysis of the evolution of the additional absorption bands in a magnetic
field during the spin-flop phase transition and the change in the intensity with variations in the manganese con-
tent x demonstrates that these bands are associated with the excitation of the exchange-coupled pairs of man-
ganese ions located in different environments in a plane square lattice. The phase boundary between the anti-
ferromagnetic and spin-flop phases is constructed using the results of optical measurements. The manganese
content corresponding to the magnetic percolation point is evaluated. © 2003 MAIK “ Nauka/Interperiodica” .

1. INTRODUCTION

Asisknown, afine structure observed in the optical
absorption spectra of antiferromagnets containing 3d
ionsis caused by interactions of different naturesin the
crystals. In addition to the bands attributed to the sin-
gle-ion electron optical transitions, the spectra of mag-
netic crystals at optical frequencies exhibit bands asso-
ciated with excitations of different origins (magnons,
phonons, etc.). Since the main features of spectra
bands of different natures are well known [1, 2], it is
possible to identify the absorption bands and then to
use available data on the optical spectra in analyzing
the specific features of the excitation energy spectraand
the magnetic structure of the crystal. Disordering of the
crystal, for example, due to an appreciable impurity
concentration, violates tranglational symmetry. In this
case, the quasi particle approach underlying the descrip-
tion of the optical spectra does not hold. If the order in
a crystal is disturbed, one can expect qualitative
changes in the absorption optical spectra. For example,
the introduction of amagnetic impurity into aantiferro-
magnet can give rise to additional bands in the spec-
trum due to the occurrence of either the localized states
or the resonance states [2, 3]. We succeeded in observ-
ing new bands in the spectrum of a two-dimensional
(2D) antiferromagnet upon replacement of magnetic
ions by nonmagnetic ions in an Rb,MnCl, crysta

diluted with Cd?* ions.
Crystals of Rb,MnCl, at room temperature have a

tetragonal structure with Dj; symmetry. At the Néel
temperature Ty = 57 K, the Rb,MnCl, crystal is charac-

terized by an antiferromagnetic order with easy-axis
anisotropy paralel to the C, symmetry axis of the crys-
tal [4]. The spin-flop transition occursin thefield Hg: =
56 kOe. The Mn?* ions are located in layers perpendic-
ular to the C, symmetry axis at sites of a plane square
lattice of the crystal. The interlayer distance consider-
ably exceeds the distance between the Mn?* nearest
neighbor ions located in the same layer. As aresult, the
intralayer exchange interaction between the manganese
ions is two orders of magnitude stronger than their
interlayer exchange interaction, which is responsible
for the two-dimensional behavior of the magnetic sys-
tem of the crystal.

2. SAMPLES AND EXPERIMENTAL
TECHNIQUE

Crystals for study were grown using the Bridgman
method in a vertical tube furnace. The optical absorp-
tion spectra were measured on a spectrometer with a
resolution of 3 A/mm at a temperature of 4.3 K. Mag-
netic fields with a strength up to 250 kOe were gener-
ated in apulsed solenoid with apul se duration of 20 ms.
The spectra were recorded on photographic film.

3. RESULTS AND DISCUSSION

Figure 1 shows the absorption spectra of
Rb,Mn,Cd, _,Cl, for the a polarization at frequencies
closeto ~26500 cm™ and different manganese contents
X. The absorption observed in this range is due to the
transition ®A;4(°S) — “T,4(*D) inside the 3d shell of
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Fig. 1. Absorption spectra of Rb,Mn,Cd; _,Cl, crystalsin
the vicinity of the exciton—magnon absorption band D for
the a polarization with the wave vector k || C4, the electric-
field vector E 0 C4, T = 4.3 K, and different magnesium
contents x: (0) 1.0 (calculated shape of the exciton—magnon
band), (1) 1.0, (2) 0.9, (3) 0.8, (4) 0.7, and (5) 0.4.

Mnr?* ions. This figure represents a group of bands
attributed to this transition in the long-wavelength
range. It can be seen that the absorption spectra of the
crystal at x = 1.0 contain a narrow electrodipole band
D;. The polarization of the D, band corresponds to
selection rules for a single-magnon sideband of the
exciton band. The intralayer exchange interaction
between Mn?* ions was estimated as J/k = -5.6 K from
the results of magnetic [5] and magneto-optical [6]
measurements. The energy of magnons with wave vec-
tors at the boundary of the Brillouin zone, which, as a
rule, make the main contribution to the exciton—-mag-
non absorption in acollinear antiferromagnet, was esti-
mated at 80 cm. The magnetodipole exciton band at
an energy of ~80 cm* below the energy corresponding
to the D, band was revealed in the spectrum of mag-
netic circular dichroism [7]. Although this band was not
observed in the absorption spectrum due to the low
intensity, its energy location isindicated in Fig. 1 and
the band itself isdesignated asE,. Kojimaet al. [8] cal-
culated the line shape for exciton—magnon absorption
of a 2D antiferromagnet with a square lattice. The line
shape depends on many parameters and can be differ-
ent. However, in the case when the interaction between
the exciton and the magnon can be disregarded and the
parameters of the resonance transmission of optical
excitation from ion to ion are small (and, as a conse-
guence, the dispersion of the exciton band issmall), the
band under consideration becomes narrow and strongly
asymmietric. Theline shape cal culated for asquare anti-
ferromagnetic | attice under the above assumptionswith
the relationships described in [8] is presented in Fig. 1
(curve 0). In these calculations, the exchange integral
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Fig. 2. Dependences of the energies of the bands D4, D,

and Dj on the magnetic field H || C,4 at different magne-

sium contents x. T = 4.3 K. The inset shows a fragment of
the phase diagram plotted in the x-H coordinates at T =
4.3 K according to the results of spectral measurements.

and the anisotropy field were taken from [6] and [5],
respectively. The anisotropy field virtually does not
affect the exciton—-magnon band but eliminates the
divergence in the expression for the line shape at the
center of the Brillouin zone.

As the content of Mn?* ions decreases, additional

bands (D; and D;') appear in the range of the D, exci-
ton—magnon band, whereas the D, band itself becomes
lessintense and almost disappearsat x = 0.7 (curve 4 in
Fig. 1).

Figure 2 depicts the dependences of the energy loca-

tion of thebands D,, D; , and D; on the magnetic field
aligned pardlel tothe C, axisof the crystals. Inthe anti-
ferromagnetic phase, the spin-flop transition leads to a
jumplike shift of all the bands revealed in the a-polar-
ized absorption spectrum (including the bands
observed upon dilution of the magnetic crystal) by the
same value. This suggests that al these bands are asso-
ciated with the same exciton.

The magnitude of the jump in the energy of the
absorption bands upon the spin-flop transition
decreases aimost linearly as the manganese content x
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decreases, which reflects the decrease in the mean
exchange field due to the dilution of the Rb,MnCl,
crystal, and vanishes at x = 0.6. The inset in Fig. 2
shows the dependence of the field of the spin-flop tran-
sition on the manganese content at T = 4.3 K, which

was obtained from observations of the D,, D; , and D,

bands in a magnetic field. The estimate of the critical
manganese content (X, = 0.6) corresponding to atransi-
tion from the antiferromagnetic state to a disordered
state of the crystal agreeswell with thetheoretical value
(0.59) for the point of magnetic percolation in a plane
square lattice.

For the Rb,MnCl, crystal, the D, excitorn—magnon
band is unique with respect to its parameters owing to
the small dispersion of the exciton band. The replace-
ment of manganese ions by cadmium ions in the mag-
netic lattice disturbs both translational symmetry and
theinitial magnetic order. In this case, the contribution
of the short-wavelength magnons (short-range mag-
netic order) to the exciton—magnon absorption
increases and the band should become more symmetric
and less intense with a decrease in the manganese con-
tent x. This behavior is observed for the D, band.

The energy location of the D; and D; bandsin the
spectraof diluted crystalsindicates that these bands are
associated with the same process of excitation asin the
case of the D, band. The energies at their maxima are
~E/4 and ~E,,/2 less than the energy at the maximum
of the D, band. Here, E,, is the magnon energy at the
boundary of the Brillouin zone. The energy separation
between the states split along the projection of the spin
in alocal magnetic field decreases by the same value,
provided the nearest environment of the Mn?*-Mn?*
pair isconsidered afield source and, in the nearest envi-
ronment itself, one or two Mn?* ions are replaced by
Cd?*ions. Thetotal absorption by an exchange-coupled
pair of magnetic ions is proportional to the number of
pairs. The probabilities of finding no Cd?* ions, one
Cd?*ion, or two Cd?* ionsin the nearest environment of
the Mn?*~Mn?* pair depend on the manganese content
X. Figure 3 presents the statistical estimates of these
probabilities obtained by statistical modeling. The ana
lytical dependences of the probabilities on the manga-
nese content x for these three cases obey the laws X8,
6x’(1 — X), and 15x8(1 — x)?, respectively, and coincide
with the curves depicted in Fig. 3. In the case when the
D, exciton-magnon band shape remains unchanged

upon dilution of the crystal and the D; and D; bands

have a Gaussian shape, the concentration dependences
of the integrated intensities of these three bands after
their separation approximately coincide with the curves
shownin Fig. 3. The vertical linesin Fig. 3 indicate the
ratios of the numbers of ion pairs for manganese con-
tentsat which the measurementswere carried out. These
ratios correlate well with the intensity ratios of the D,
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Fig. 3. Dependences of the relative number of nearest
neighbor manganese ion pairs in a square lattice on the
manganese content X when the nearest environment of man-
ganeseions contains (1) no cadmiumions, (2) one cadmium
ion, and (3) two cadmium ions.

D;, and D; bands. Therefore, the D; and D; bands
appear in the absorption spectra of Rb,Mn,Cd, _,Cl,
crystals as a result of the excitation of exchange-cou-
pled pairs of Mn?* ions in a spatially disordered mag-
netic structure, provided the nearest environment of the
Mn?* ions contains Cd?* ions.

In addition to the D, band, the spectra of the
Rb,MnCl, crystal exhibit magnon sidebands in the
vicinity of the transitions °A;4(°S) — “T,y(*D) [9] and
6, (69 —~ ‘Al E,(‘G) . However, the line shape of
these satellites does not allow one to observe additional
bands similar to the bands D; and D; .

4. CONCLUSIONS

Thus, we studied the dependences of the optical
absorption of a2D magnet on the content of magnetic
ions and on the magnetic field in the range of the exci-
ton—-magnon absorption. Owing to the unique parame-
ters of the D; exciton—magnon band, the additional
absorption bands associated with the optical excitation
of exchange-coupled pairs of Mn?* ions were observed
for the first time in the spectrum of an antiferromag-
netic crystal upon its dilution with a nonmagnetic
impurity. The phase boundary between the antiferro-
magnetic and spin-flop phases was constructed using
the results of optical measurements.
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