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The exciton absorption spectra of thin films of Cs, ,Rb,Cu,Cl; solid solutions were
studied in the spectral range of 2 to 6 eV. The formation of solid solutions that are
isostructural with CsCu,Cl; was found in the concentration range 0 < x < 0.6, the forma-
tion of solid solutions that are isostructural with RbCu,Cl; was detected in the range
0.6 < x <1. A linear concentration dependences of the parameters of the exciton bands
and the bandgap width were found in the ranges 0 <x <0.6 and 0.6 < x < 1. Exciton
spectra of Cs,  Rb,Cu,Cl; 0 <x <1 solid solutions were interpreted on the basis of the
transitions in the Cu* ions.
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CrekTp HOIIMHAHHS €KCHTOHIB B TOHKHMX ILTiBKaX Teepaux posummis Cs;  Rb,Cu,Cl,.

O.M.Kosanenko, O.M.IOnaxosa, M.M.IOnakxos
JocaimkeHO €KCHUTOHHI CIEKTPM IOIJIMHAHHSA TOHKUX IIJIIBOK TBEPAUX PO3UUHIB

Cs,_,Rb,Cu,Cl; obmacti cmexTpa 2 — 6 eB. YcTaHOBIEHO YTBOPEHHS TBEPAUX POSYHHIB isz0-
crpykTypEnX CsCu,Cl; B inTepBani kormenTpaniit 0 < x < 0,6 Ta isocrpykryprunx RbCu,Cl;
B inrepsBaiai 0,6 < x < 1. BusiBieno gi”ilinnii KoHIeHTPALIMHUI Xia HapaMeTpiB eKCUTOHHUX
cMyr Ta HamiBmupuHu 3ab0opoHeHoi 30HKM B iHTepBasmax 0<x<0,6 ta 0,6 <x <1. Excu-
ToHHi cekTpu TBepaux posuumHie Cs,_,Rb,Cu,Cl; 0 < x <1 TpakTyOThECA, BUXOAAYN 3 Iepe-
xonis B iomi Cu*.

HccnenoBanbl 9KCUTOHHBIE CIEKTPHI IIOMJION[EHUS TOHKMX ILIEHOK TBEPABIX PACTBOPOB
Cs,_,Rb,Cu,Cl; B ob6nacTu cnexkrpa 2 — 6 aB. Ycranosiaeno o6pasoBaHue TBEePALIX PACTBOPOB
usoctpyKrypHEIx CsCu,Cl; B muTepBane kommentpanmit 0 < x < 0,6 um H30CTPYKTYPHBIX
RbCu,Cl; B unTepBane 0,6 < x < 1. O6Hapy:KeHa JUHelHAA KOHIIEHTPAI[MOHHAA 3aBHCHMOCTD
[IapaMeTPOB SKCUTOHHEIX II0JIOC ¥ IIMPUHLI 3alpelleHHol 30Hbl B uHTepBagax 0 < x < 0,6 u
0,6 < x < 1. OKcUTOHHEIE CIEKTPHl TBepAbIX pactBopoB Cs, ,Rb,Cu,Cl; 0 < x <1 TpakTyioT-
cd Ha ocHOBe TepexojoB B mone Cu‘.
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1. Introduction

Complex compounds with a unique crys-
tal structure [1-3] and a complex optical
spectrum in the UV region are formed in
the MeHal-CuHal system (Me = K, Rb, Cs;
Hal = Cl, Br, I). Many complex compounds
with a high copper content have a high
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ionic conductivity and belong to the solid
electrolytes [1, 2, 4]. Some compounds crys-
tallize into lattices with significantly vary-
ing parameters [1, 3]. Low-dimensional exci-
tons are excited in them [5, 6]. Such com-
pounds can be decent luminophores [7] and
can be used in light-emitting devices. To
date, the crystal structure of many com-
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pounds of this system and their conductiv-
ity has been well studied. However, their
electronic optical spectra and excitons have
been less studied.

In this work, we studied the absorption
spectra of thin films of Cs;_Rb,Cu,Clg
solid solutions. The absorption spectrum of
CsCu,Cl; thin films was studied earlier [8].
The cationic character of excitons in
CsCu,Cl; was determined. The absorption
spectrum of RbCu,Cl; was analyzed in detail
in [9].

Two compounds, CsCu,Cls and
Cs3Cu,Clg, crystallize in the CsCI-CuCl sys-
tem. The CsCu,Cl; compound is more stable
than the other one; its ionic conductivity
for Cu is equal to 1074 Q l.em™! at 500 K
[1, 10]. According to the phase diagram,
RbCU2CI3, szCU3CI5 and szCUC|3 com-
pounds are formed in the RbCI-CuCl system
[11]. RbCu,Cl; has the highest ionic conduc-
tivity of 51073 Q l.em™! at room tempera-
ture [12]. But other authors use other com-
pounds for the highly conductive phase,
Rb3CU7C|10 [18] and Rb4CU9C|13 [14], which
are close by molar composition to RbCu,Cls.

Investigation of the absorption spectra of
thin films of Cs;_,Rb,Cu,Cl; solid solutions
will make it possible to establish the degree
of disorder in the sublattice of alkali halide
compounds and to determine the formula of
a compound with a high copper content in
the RbCI-CuCl system.

2. Experimental

Thin films Cs,_,Rb,Cu,Cl; were prepared
by vacuum evaporating a molten mixture of
pure CsCl, RbCl and CuCl powders of a
given molar composition and deposition
onto quartz substrates heated to 373 K, fol-
lowed by annealing the films for an hour at
a constant temperature. This method was
previously used to obtain thin films of
CsCu,Cl; [8] and is based on the fact that
the melting point of ternary compounds is
significantly lower than that of the initial
components. The evaporated melt of CsClI,
RbCl, and CuCl powders had a stoichiomet-
ric composition of the compounds MeCu,Clg
Me = CS, Rb (xCuC| = 0.66).

The quality of the films and their phase
composition were monitored using the ab-
sorption spectra measured at T = 90 K.
Such control of the phase composition is pos-
sible due to a significant shift in the spectral
positions of the long-wavelength exciton
bands in solid solutions Cs,_Rb,Cu,Cl; (4.21-
4.35 eV) and in the initial components CuCl
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(3.3 eV), CsCl (7.8 eV) and RbCI (7.52 eV).
In the studied Cs;_Rb,Cu,Cl; films, there
were no impurities of the initial components
and ternary compounds of a different molar
composition.

The absorption spectra were measured
for films with a thickness of 150-200 nm in
the spectral range of 2—6 eV at T =90 K
using a SF-46 spectrophotometer. The pa-
rameters of the long-wavelength exciton
bands A and B (the position E,, the half-
width (FWHM) I' and the value of the
imaginary part of the permittivity at the
maximum of the band ¢,,, = €,(E,,) were de-
termined by the method proposed in [15].
The bands A and B were approximated by a
two-oscillator symmetric contour, which is a
linear combination of the Lorentzian and
Gaussian contours. The parameters of the
exciton bands (E,, I' and &5,) were found
according to the best agreement between the
experimental and calculated contours.

3. Results and discussion

The absorption spectra of thin films of
Cs;_4Rb,Cu,Cl; 0<x<1 solid solutions
(Fig. 1) are similar in structure. The in-
tense long-wavelength bands A and B, a
weaker band B; and a band C can be ob-
served in these spectra. When the tempera-
ture increases, the A and B bands shift to
the long-wavelength part of the spectrum,
become wider and weaker due to the exci-
ton-phonon interaction, which indicates
their relationship with excitons. The C band
is not very sensitive to temperature and,
apparently, corresponds to interband transi-
tions.

To interpret the absorption spectra of
solid solutions Cs;_Rb,Cu,Cl; 0 < x <1, let
us turn to the structure of their crystal
lattices. CsCu,Cl; crystallizes into an or-
thorhombic lattice (space group C,,.,) with
parameters a =9.5, b=11.89 and c¢=
5.6 A, z=4 [1, 3]. The double chains of
CuCl, tetrahedra, oriented along the short
axis of the crystal, are the structural ele-
ments of the crystal lattice of CsCu,Cl [8].
The crystal structure of RbCu,Cl; was stud-
ied in [16], but the authors were unable to
determine the type of the lattice. The crys-
tal structure of the compound Rb,CugClys,
close by molar composition, is described in
detail in [17, 18]. Rb,CugCly3 has rhombohe-
dral symmetry (space group R3c¢) with lat-
tice parameters a = 19.541 A, o = 84.43°
(hexagonal lattice parameters a = 26.26 A,
¢ = 36.98 A) and 12 molecules per unit cell.
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Fig. 1. Absorption spectra of thin films of
Cs,_,Rb,Cu,Cl; (0 <x <1) solid solutions
thin films at T =90 K and CsCu,Cl; and
RbCu,Cl; thin films at T' =90 K (solid line)
and 290 K (dotted line).

In the Rb,CugCl;3 lattice, Cu* ions are dis-
tributed over 11 sets of tetrahedral posi-
tions surrounded by CI~ and one set of posi-
tions with 8-fold coordination with respect
to CI=. The previously described lattice type
can apparently be attributed to RbCu,Cl,,
since only RbCu,Cl; crystallizes at a high
copper content in the RbCI-CuCl system
[11]. Common to the crystal lattices of
CsCu,Cl; and RbCu,Cl; is the arrangement
of Cu* ions in a tetrahedral environment by
Cl- ions with a slight shift of Cu* from the
center of the tetrahedron [3, 16—-18].
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CsCu,Cl, X— RbCu,Cl,
Fig. 2. The concentration dependences (a) of
the spectral position E, (x); (b) of half-width
I'(x); (c) of the long-wavelength exciton bands
A(1) and B(2) and the bandgap width Eg(x).

As noted above, excitons in CsCu,Cl; are
cationic. The exciton spectrum of CsCu,Cl;
thin films is due to transitions in Cu* ions
[8]- Low-frequency excitations of free Cu*
ions correspond to the transition
1Sy — 1D,. The Cu* ion, located in the cen-
ter of the tetrahedron 1S, transforms into
1A1, and the fivefold degenerate state 1D2
splits into levels ITZ and 1E. According to
the selection rules for the local group T,
the optical transition to a lower level 1T, is
allowed, but the transition l4; — 1E is for-
bidden. Since the Cu* ion is slightly dis-
placed from the center of the tetrahedron in
the CsCu,Cl; lattice [3], the local group de-
creases to Cyy. Under the impact of a weak
axial intracrystalline field, the forbiddance
on the transition 14, — 1E is partially lifted,
and the level ITZ is split into components.
Accordingly, the intense exciton bands A and
B in CsCu,Cly correspond to the transition
14, - 1Ty, and the weak band B; corre-
sponds to the transition lAl — 1E [8].

Apparently, in solid solutions Cs,_,Rb,Cu,Cl
(0 <x<1), as in CsCu,Cl;, excitons are lo-
calized in the structural elements CuC|43'
of the crystal lattice, and their exciton ab-
sorption spectrum is due to transitions in
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the Cu* ion. This assumption is supported
by the similarity in structure of exciton ab-
sorption spectra of thin films Cs,_,Rb,Cu,Cl;
(0<x<1) (Fig. 1). However, there is no com-
plete similarity of the absorption spectra in
the entire range 0 < x < 1.

In the concentration range 0 < x < 0.6,
the absorption spectra of Cs;_Rb,Cu,Cls
thin films are similar in the structure and
close in the spectral positions of the absorp-
tion bands (Fig. 1, Fig. 2a). The exciton
bands A and B are slightly shifted to the
short-wavelength region of the spectrum
with an increase in x, with dE,/dx =
0.08 eV and 0.045 eV, respectively. In the
interval 0.6 < x < 1; on the contrary, there
is a noticeable linear long-wavelength shift
of exciton bands A and B with increasing x
with dE,, /dx = —0.43 eV and —0.59 eV. The
half-width T'(x) of exciton bands A and B
(Fig. 2b) slightly increases in the range
0<x<0.6 with dI'y/dx=0.05 eV and
dl'g/dx = 0.049 eV. The half-width T'(x)
grows with dI'y/dx = 0.19 eV and dl'g/dx =
0.185 eV in the range 0.6 < x < 1.

A nonlinear concentration dependence of
the spectral position E, (x) of exciton bands
with a deviation to the long wavelength re-
gion and a nonlinear growth of I'(x) with a
maximum at x = 0.5 are characteristic of
solid solutions of compounds with a mixed
spectrum [19, 20]. Linear concentration de-
pendences of the spectral position E, (x)
(Fig. 2a) and the half-width I'(x) (Fig. 2b) of
the long-wavelength exciton bands A and B
confirm the localization of excitons in the
sublattice of Cs;_,Rb,Cu,Cl; (0<x<1)
compounds containing Cu* ions. In the stud-
ied compounds, for a given localization, the
top of the valence band, as in CuCl, is
formed by the 8d states of the Cu* ion and
the 3p states of the Cl~ ion, and the conduc-
tion band is formed by the 4s states of the
Cu* ion.

The presence of two concentration ranges
with different concentration dependences
E,(x) and I'(x) of exciton bands A and B is
possibly due to the varying crystal structures
of Cs;_,Rb,Cu,Cl; compounds in the ranges
0<x<0.6 and 0.6 < x <1. In the first con-
centration range, apparently, Cs;,Rb,Cu,Cls
solid solutions are isostructural with
CsCu,Cly, since their exciton spectra are
similar by structure and close by spectral
positions of the bands. An insignificant
short-wavelength shift of the A and B bands
in the range 0 < x < 0.6 indicates a slight
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increase in the ionicity of the compounds
and the bandgap width Eg In this concen-
tration range, E (x) grows linearly (Fig.
2c):

E(x) = E,0) + ax, 1)

where E 0) = 4.605£0.001 eV, a = dE,/dx
= 0.03+0.003 eV.

In the range 0.6 < x <1, apparently,
Cs;_4Rb,Cu,Cl; solid solutions are isostruc-
tural with RbCu,Cl;. A significant long-
wavelength shift of the spectral position
E, (x) of exciton bands A and B in this
concentration range indicates a decrease in
the ionicity and in E_, of solid solutions
Cs;_4Rb,Cu,Cl;. Apparently, the lower ionic-
ity of Cs;_Rb,Cu,Cl; (0.6 < x <1) is due to
the presence of Cu* ions positions with a
threefold coordination relative to CI= in
crystal lattice [17, 18]. In this concentra-
tion range, the bandgap width E,(x) de-
creases linearly (Fig. 2c) with dEg/dx = —
0.23 eV. Linear concentration dependences
of the bandgap width Eg(x) in Cs,
«Rb,Cu,Cl; solid solutions also confirm the
localization of excitons in the sublattice of
compounds containing Cu* ions.

The analysis of the absorption spectra of
Cs;_4Rb,Cu,Cl; thin films has shown a for-
mation of solid solutions in the entire con-
centration range 0 < x <1; the solid solu-
tions are isostructural with CsCu,Cl; in the
range 0 < x < 0.6 and RbCu,Cl; in the range
0.6 <x<1.

4. Conclusions

The absorption spectra obtained at T =
90 K for thin films of Cs;_Rb,Cu,Cls
(0 < x <1) solid solutions were studied in
the spectral range of 2 to 6 eV. The forma-
tion of the solid solutions isostructural with
CsCu,Cl; in the concentration range
0<x<0.6 was found. In the range
0.6 < x <1, the solid solutions are appar-
ently isostructural with RbCu,Cl,.

The localization of excitons in the struc-
tural elements CuCIﬁ‘ of the crystal lattice
of the compounds was revealed from an
analysis of the absorption spectra of the
solid solutions. The linear concentration de-
pendences of E, (x), I'(x) and Eg(x) confirm
the localization of excitons in the sublattice
containing Cu* ions.

Exciton absorption spectra of Cs;_Rb,Cu,Cly
(0 <x <1) solid solutions were interpreted
on the basis of transitions in the Cu® ions.
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