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Abstract 

We report micro-Raman spectra obtained from R2Ba2Ti2Cu2Oll (R = Nd, Gd) and Gd2CaBa2Ti2Cu2Ol2 ceramic samples. 
The analysis of the spectra was performed using the similarity between the investigated structures and related layered pure 
copper and titanium oxides. The assignment of the observed lines to definite atomic vibrations is supported by lattice- 
dynamics calculations, based on a shell model. The calculated frequencies for the IR-active modes are also presented. We 
stress that in contrast to Gd2CaBa2Ti2Cu2012, where the ceramics consist of optically anisotropic plate-like microcrystals, 
in the case of the quadruple perovskites REBa2Ti2Cu2Oll the microcrystals are isotropic, probably due to the fine twinning, 
rendering it impossible to obtain polarized Raman spectra along different crystal directions. 

Keywords: Copper-titanium oxides; Raman spectroscopy; Lattice dynamics 

1. Introduct ion  

It is well known that all high-Tc copper oxides have 
a layered structure containing CuO2 sheets. Therefore, 
all newly discovered layered copper compounds are 
potential candidates for high-temperature supercon- 
ductors and much attention is paid to their chemical 
variations in order to obtain optimal conditions for 
superconductivity. Undoubtedly, the interest in the 
layered copper compounds containing a rock-salt type 
insulating layer (the so-called "charge reservoir") is 
the greatest, because of the observed highest critical 
temperatures (all Pb-, Bi-, TI- and Hg-compounds). 
Another type of layered structures successful with the 

* Corresponding author. Fax: +49 30 314 27705. 

respect to superconductivity is the oxygen deficient 
perovskite and its superstructures. The most inves- 
tigated compounds of this type are YBa2Cu3OT_x 
(the "triple perovskite") and (Sr, Ca)CuO2 (the 
"infinite-layer perovskite"). Unfortunately, most of 
the ( A , A ' ) n ( C u , B ) n O a n - x  (A and A ~ are rare earth 
or alkaline earth elements; B - transition metal) per- 
ovskite superstructures are strongly disordered or 
ordered only in a 3-D copper framework [ 1 ]. 

The first member of the "quadruple perovskites" 
discovered (lattice constants ap × ap × 4ap )  is 
La2Ba2Cu2Sn2011 [2]. Recently, the isostructural Ti- 
analogs R2Ba2Ti2Cu2Oij (R = La, Nd, Eu, Gd, Tb) 
with lattice parameters (Cu-O distances in the Cu-O 
plane) close to the high-Tc cuprates have been syn- 
thesized [3-5] (see Fig. 1). The crystal anisotropy 
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Fig. I. Crystal structures and the unit cells of Gd2Ba2Ti2Cu2Oil 
(right) and Gd2CaBa2Ti2Cu2Ol2 (left). The dark circles are Gd 
(right) or (Gd,Ca) (left) atoms, the light circles are Ba atoms, 
Ti atoms are in the center of  the oxygen octahedra, Cu atoms are 
in the centers of  the bases of  the oxygen pyramids. 

spectra obtained on R2Ba2Ti2Cu2Oll (R = Nd, 
Gd) (which we will abbreviate with R-2222) and 
Gd2CaBa2Ti2Cu2Ol2 (Gd-3222) ceramic samples. 
From a Raman spectroscopic point of view it is inter- 
esting to investigate the changes of the vibrations aris- 
ing from the Cu-O and Ti-O layers and their possible 
mixing, compared with similar vibrations in related 
compounds. The analysis of the Raman spectra of the 
homologous series YBa2Cu3+nOT+n, (n = 0, 1 ) [ 10] 
and TImBa2Ca,-]Cu,O2,+m+2, (m = I, 2; n = 1, 2, 
3) [ 1 l] shows that the differences in the modes from 
the common slabs in these compounds are very small 
and additional lines from the Raman-active modes ap- 
pear only from the additionally inserted layers. This 
fact encouraged us to search for suitable compounds 
with well known Raman spectra for comparison. 
These are YBa2Cu307_x [ 12] and Srn+]Ti,O3n+l (n 
= 1, 2, 3) [ 13]. On the other hand, in some layered 
cuprates that have two Big (or B] ) modes, there are 
indications for their strong mixing (e.g. YBaCuFeO5 
[14] and (Bi,Cu)Sr2(R,Ce)2Cu209_x [15]) .  In 
these cases an assignment of the lines in the Raman 
spectra, based only on the comparison with the corre- 
sponding lines in the spectra of related compounds, is 
rather unreliable. In the investigated structures there 
are two Big modes (out-of phase vibrations along 
z of the oxygen atoms in the Cu- and Ti-planes) 
which, in principle, may mix. However, supported 
by lattice-dynamics calculations, we argue that in 
these structures the "layer by layer approach" for the 
assignment of the Raman lines is suitable. 

of these compounds is weak and increases with de- 
creasing ionic radius of the rare-earth element (for 
the La-compound the ratio is c / a  = 4.013, where a 
and c are the parameters of the tetragonal lattice, for 
the Tb-compound - c / a  = 4.058 [5] ). An attempt to 
dope Gd2Ba2Ti2Cu2Oll by substituting Gd with Ca 
leads to Gd2CaBa2Ti2Cu2Ol2 [6] (see Fig. 1). In this 
structure an additional (Gd,Ca)-O layer is inserted 
between the Ti-O planes, leading to a body-centering 
of the lattice. Up to now superconductivity has not 
been observed in these type Cu-Ti compounds. One 
possible reason for this is the partial occupancy of Ti 
atoms in the Cu-O planes [7,8]. On the other hand, 
the attempts to prepare doped samples have not been 
successful yet [5,6,9]. 

In this paper we present and analyze micro-Raman 

2. Experimental 

The R-2222 and Gd-3222 samples were prepared 
using a standard solid-state reaction technique follow- 
ing the procedure of Palacin et al. [5] and Fukuoka 
et al. [6]. Appropriate amounts of Nd203, Gd203, 
BaCO3, CaCO3, CuO and TiO2 for the nominal com- 
positions were mixed and heated in air several times 
for 24 h with intermediate grindings at temperatures 
from 950°C to 1030°C. The as-obtained materials 
were pressed into 1 g pellets and sintered at 1030°C 
for 48 h. A part of them was additionally heated to 
1070°C (Gd-3222), I I00°C (Gd-2222) and up to 
1300°C (Nd-2222). For the microscopic measure- 
ments the pellets were polished using 5/xm and 1 /xm 
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diamond pastes and then ultrasonically cleaned in an 
ethanol bath. 

The chemical content of  the grains constituting the 
pellets, was determined by SEM-WDS microprobe 
(JEOL Superprobe 733). The results showed that the 
stoichiometry of  the cations in the investigated struc- 
tures is close to the nominal one. The lattice parame- 
ters were determined from the X-ray powder diffrac- 
tograms obtained using a URD-6 powder diffractome- 
ter (Cu K ,  radiation). They are: lot Gd3222 - a = 
3.890 ,~, c = 35.50 A,; for Gd2222 - a = 3.901 A., c = 
15.76 A; lot Nd2222 - a = 3.950 ~,  c = 15.80 A.. These 
values are close to those reported elsewhere [3,5,6]. 
All samples are monophasic. 

The Raman spectra were measured using a Labram 
spectrometer equipped with an optical microscope. 
An 100x objective was used to focus the incident 
laser beam to a spot of  1 - 2 / x m  diameter and to col- 
lect the scattered light in backward scattering geom- 
etry. A 632.8 nm He-Ne laser line was used for ex- 
citation. Additional measurements were done using a 
spectrometer Microdil 28 (Dilor) with 514.5 and 488 
mn Ar + laser lines. The crystallographic directions of  
the investigated microcrystals in the case of  the Gd- 
3222 sample sintered at 1070°C (these microcrystals 
have dimensions about 10 #m,  larger than the laser 
spot) could be easily determined based on their regu- 
lar shape (platelets parallel to the ab planes), optical 
anisotropy (the change of  the color upon surface illu- 
mination with linearly polarized white light in differ- 
ent parallel and crossed polarizations) and the known 
polarization behavior of  the Raman-active modes in 
compounds with similar structure [ 12]. The notations 
x, y, z, x ' ,  and y '  will be used for the [100],  [010],  
[001 ], [ 110] and [110] crystallographic directions, 
respectively. In the case of  R-2222, all attempts to 
identify crystallographic directions in the investigated 
polished grains were unsuccessful. The observed ar- 
eas appeared optically isotropic, and all obtained Ra- 
man spectra were identical, independent of  the polar- 
ization direction of  the laser beam. This could be ex- 
plained with the existence of  a fine twinning on a scale 
lower than approximately ! /zm.  The spectra obtained 
in these samples were identical for different sintering 
temperatures (for Nd-2222 up to 1300°C), as well. 

3. Results and discussion 

3.1. Classification of the F-point phonons 

The R-2222 compounds crystallize in a tetrago- 
hal structure (space group P4/mmm, Z = l) .  For R 
= Nd the lattice parameters are a = 3.9095 A., c = 
15.744 A [7] ,  lbr R = Gd, a = 3.8873 A, c = 15.7335 
,~ [2].  The Gd-3222 structure belongs to space group 
14/mmm, Z = 2, with a = 3.8939 A. and c = 35.4859 
,~ [6].  In Table 1 the atomic site symmetries and 
corresponding F-point phonon modes symmetries are 
given. Similarly to La2-xSrj +xCu206 [ 16], the cation 
positions in the rock-salt type layer and between the 
Cu-planes are occupied by Gd and Ca atoms in ra- 
tios 0.575/0.425 and 0.85/0.15, respectively [6] .  The 
subscript for oxygen atoms indicates their place in the 
structure. For both structures Ocu are oxygen atoms in 
the Cu-planes, O'ri - in the Ti-planes, Oc~-'vi - the apex 
oxygen for the CuO5 pyramids. For R-2222, Ori-Ti 
are oxygen atoms between the Ti-planes, tbr Gd-3222, 
Oca/Ca are oxygen atoms in the Gd /Ca  rock-salt type 
layers. The AIg and Big modes disscussed below are 
vibrations along the z axis, whereas the Eg modes are 
vibrations within the xy planes. The AIg modes are 
allowed fbr parallel polarizations (xx, yy, zz) ,  but 
forbidden for crossed polarizations (xy, xz, and yz ) 
of incident and scattered radiation. The Blg modes are 
allowed for the parallel (xx, yy) and crossed ( x ' y ' )  
polarizations, but forbidden for zz, x' x', xy, xz and yz 
configurations. The Eg modes are allowed only for xz 
( x ' z )  and yz (y ' z ) .  To identify the symmetry of  the 
observed lines in the Raman spectra, we used seven 
type spectra from two type crystal surfaces: zz, xx 
and xz from an xz-oriented surface and xx, xy, x'x' 
and x'y' from an xy-oriented surface, respectively. 

3.2. Calculations of the lattice dynamics 

The model applied is a shell model with parame- 
ters derived as described in Ref. [ 17]. This model is 
appropriate fbr the perovskite-like oxides because, in 
accordance with their predominant ionicity, the interi- 
onic interactions are represented as sums of  long-range 
Coulomb potentials and short-range (SR) potentials. 
The latter are chosen in the Born-Mayer-Buckingham 
form 
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Table 1 
Site symmetry, irreducible representations and selection rules for R-2222 and Gd-3222 structures 

R2Ba2Ti2Cu2Oll, P 4 / m m m ,  Z = 1 

Atom Wickoff Site Irreducible 
notation Symmetry representations 

R 1 I c D4h A2u + Eu 
R2 Id D4h A2u + Eu 
Ba 2h C4v Atg 4- A2u 4- Eg + Eu 
Ti, Cu, Ocu-'n 2g C4v AI~ 4- A2u 4- E~ 4- Eu 
077-7"/ lb D4h A2u 4- Eu 
Ocu, On 4i C v 2v Alg 4- A2u + Big 4- B2u + 2Eg 4- 2Eu 

Gd2CaBa2Ti2Cu2Oi2, 14 /mmm,  Z = 2 

Atom Wickoff Site Irreducible 
notation Symmetry representations 

Gd/Cal 2b D4h A2u 4- Eu 
Gd/Ca2, Ba, Cu, 4e C4v Al~ + A2u + Et~ + Eu 
Ti, OGd/Ca, OCu_Ti 
Ocu, O-n 8g C~v Alg + A2u + Big + B2u + 2Eg + 2Eu 

R-2222 Gd-3222 

FRaman = 6Alg + 2Big + 8E~ FRanmn = 8Alg + 2Big + 10Eg 
FIR = 8A2u + 10Eu l'm = 8A2u + 10Eu 
/'silent = 2B2u /'silent = 2B2u 
/'acoustic = A2u 4- Eu ]"acoustic = m2u 4- Eu 

Alg ""* Otxx 4- Otyy, O:zz Big ~ Otxx - Otyy Eg ~ Otxz, Otyz 

V = a e x p ( - b r )  - c / r  6. (1) 

Here a, b, and c are parameters, and r is the interionic 
separation. The ionic polarizability is also accounted 
for in the shell model using the simple picture of an ion 
as a point-charged core coupledwith a force constant 
k to a charged massless shell with charge Y around it. 
The free ionic polarizability a is given by 

a = y 2 / k .  ( 2 )  

While the parameters for Ba, Cu, and Ti and the SR 
potentials for couples of these ions and oxygen ions 
were transfered unchanged, in the case of Gd and Ca 
in Gd-3222 some modifications of the model param- 
eters were found necessary. These two kinds of ions 
substitute one another in the positions Gd/Cal  and 
Gd/Ca2 and this makes it difficult to carry out the cal- 
culations of the phonon modes. It was accepted here to 

ascribe to the ions in positions Gd/Cal  and Gd/Ca2 
some averaged values of the model parameters. The 
ionic charges Z and the masses m were averaged pro- 
portionally to the corresponding occupation numbers. 
Further, the SR parameter a varies roughly as Z 12, 
and both the parameters a and b are inversely propor- 
tional to the interionic separation R [ 17]. In view of 
these results the values of the a and b parameters for 
the cations in positions Gd/Cal  and Gd/Ca2 were de- 
termined. The attempts to use isotropic Gd/Ca2-O SR 
interactions have resulted in good correspondence with 
the experimental frequencies of the oxygen modes, but 
yielded unrealistically low values for the Gd/Ca2 and 
Ti Alg modes and were hence abandoned. That is why, 
we reestimated the corresponding a and b parameters 
for each one of the three groups of oxygen ions coor- 
dinating the cation in position Gd/Ca2 (see Table 2). 
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Table 2 
Shell model parameters. The O-O SR potential was taken from Ref. [ 18] 

Ion Z (lel) Y (lel) a (A 3) Ionic pair a (eV) b ( ,~-1)  c (eV,~ 6) 

(Gd/Ca)  1 2.71 1.7 0.7 (Gd /Ca ) l -O  1535 2.854 0 
(Gd/Ca)2  2.45 3.0 1.5 (Gd/Ca)2-OGd/C a (2.23/~) 1488 3.139 0 

(Gd/Ca)2-O-n (2.50/~) 1327 2.651 0 
(Gd/Ca)  2-OGd/C a (2.78,~,) 11942.518 0 

Nd 2.85 1.7 0.7 Nd-O 14982.620 0 
Ba 1.90 3.0 3.6 Ba-O 839 2.397 0 
Cu 1.90 3.0 1.3 Cu-O 1400 3.550 0 
Ti 3.80 2.0 0.2 Ti-O 29003.550 0 
O - 1 . 9 0  -3.0 2.0 O-O 227646.711 20.37 

145 
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to ~o 
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to 

, r , , 

200 400 600  800  

R a m a n  shift_ (c rn  -1) 

Fig. 2. Polarized Raman spectra obtained of a zx-oriented surface 
of a Gd2CaBa2Ti2Cu2Ol2 microcrystal at room temperature. At 
= 632.8 nm. 

3.3. Gd-3222 Raman-active phonons 

The spectra obtained from zx- and xy-oriented sur- 
faces of  Gd-3222 microcrystals are shown in Figs. 2 
and 3. The frequencies of  the lines compared with the 
calculated values and their assignment are presented 
in Table 3. The following lines have direct analogs 
in YBa2Cu307_x and other copper layered cuprates 

r -  

Gd2CaBa2Cu2Ti2012 

II xy  s u r f a c e  

]W k ~  "// z(xx)~ 

g 
"¢ , , - 

L . _ . . . _ ~ - J / ~  ,¢ 

Z(x 'y ' )z  

z ( x y ) z  

200 4 ;0  6 ;0  8 ;0  

R a m a n  shift ,  ( c m  -1) 

Fig. 3. Polarized Raman spectra obtained of a xy-oriented surface 
of a Gd2CaBa2Ti2Cu2Ol2 microcrystal at room temperature. At 
= 632.8 nm. 

with two Cu-O planes per unit cell: the line at 
103 cm -I (Ba Alg mode),  the one at 145 cm -L (Cu 
Alg mode) and the one near 450 cm -j  (Ocu Alg in- 
phase mode).  The assignment of  the so-called "apex" 
mode (in this case the Ocu-Ti Alg mode) has to be 
done carefully, because its frequency varies strongly 
depending on the type of  the cation in the insulating 
layer. This frequency may change from 460 cm -1 (in 
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Table 3 
Experimental and calculated frequences (in cm - l  ) and an assign- 
ment of the Raman-active modes 

Gd-3222 Nd-2222 Gd-2222 

Typeexp. calc. exp. calc. exp. Assignment 

Atg 103 
Atg 145 
Aig 206 
Aig 240 
Aig 450 
Aig 496 
Al~ 552 
Al~ 756 
Btg 325 
Big 
Eg 
E~ 
Eg 
Eg 
E~ 
E~ 
E~ 
Eg 
E~ 
Eg 

107 126 120 Ba 
149 145 148 145 Cu 
174 Gd/Ca2 (only in Gd-3222) 
219 255 Ti 
456 445 455 449 Ocu 
502 560 OTi 
565 OGd/C a (only in Gd-3222) 
752 754 756 752 OCu-Ti 
323 308 314 330 Ofu 
371 392 OTi 
71 82 Ba 
137 Gd/Ca2 (only in Gd-3222) 
153 155 Cu 
221 175 Ti 
324 307 On 
343 345 Ocu 
349 347 OCu-Ti 
405 OGd/C a (only in Gd-3222) 
506 506 Ocu 
641 610 OTi 

YBa2Cu306 [ 19] ) to 590 cm - l  (in Hg-based super- 
conductors [20]) .  However, in all cases this line is 
the strongest one in the spectra and visible mainly in 
zz  polarization. In our spectra we have such line at 
756 cm-1 (Fig. 2). The high frequency of the "apex" 
mode in this case may be explained with the smaller 
ionic radius and high valency (4+)  of the adjacent 
Ti atom. A comparison with the Raman spectra of the 
isostructural Sr2TiO4 and La2CuO4 show such a hard- 
ening of the oxygen modes in the Ti-compound [ 13]. 

The remaining Alg modes we compare with their 
analogs in Srn+lTinO3,+l (n = 1, 2, 3). The line at 
552 cm - l  we assign to the Atg mode of OGd/Ca atoms. 
The same oxygen mode in Sr2TiO4 is at 578 cm -1 (at 
77K) [ 13]. The adjacent line at 496 cm - j  we assign 
to the Alg in-phase mode of OTi. This mode occurs 
also in Sr3Ti207 and Sr4Ti3Ol0, but it was not dis- 
cussed in Ref. [ 13]. We suggest that the line in Fig.2 
of Ref. [13] near 500 cm -1 is similar to the ~ in- 
phase mode in our sample. This assignment is different 
from that by Graves et al. [21] in SraTi3Ol0 spectra, 
where this line was assigned as an Eg mode. The two 
weak peaks at 206 cm - t  and 240 cm - t  in zz  polar- 
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ization we tentatively assign to Alg Gd/Ca  and Alg Ti 
modes. The frequency of the corresponding mode in 
Sr2TiO4 and La2CuO4 lies in the same spectral region 
(probably due to the nearly equal charge/mass ratios 
of La and Sr). The nearest calculated frequencies (at 
174 cm -1 and at 219 cm - I )  are mixed Gd/Ca2-Ti 
vibrations. 

Out of the two Big modes, existing in Gd-3222, 
we observe only one line with this symmetry at 325 
cm - l  (see Fig. 3). The lattice-dynamics calculations 
predicts a lack of mixing between these two modes. 
We assign the observed line to the Big Ocu out-of- 
phase mode. Its frequency is in agreement with a sim- 
ilar frequency dependence on the type of the rare earth 
element [23,24] in the spectra of RBa2Cu3OT. It fur- 
ther agrees with structural data for the dominant oc- 
cupation of Gd in the position between the Cu-planes 
in Gd-3222 [6]. The weak line at412 cm -1 in the zz  

spectra of Gd-3222 is of unclear origin. The narrow 
line at 94 cm - j  (observed in all spectra) is not con- 
nected with the investigated samples and originates 
from the Raman scattering of air. 

It is difficult to assign the two structures observed 
in x z  polarization to some of the 10 Eg modes. We 
remind only that in all layered cuprates the Eg lines 
have rather low intensities, compared to the Alg lines 
and the structure between 248 and 330 cm -1 (with 
intensity comparable to some of the Alg modes) could 
probably be assigned to modes originating from the 
Ti-O layer. 

The calculated frequencies of the not Raman-active 
modes of both Gd-3222 and Nd-2222 structures are 
given in Table 4. 

3.4. R - 2 2 2 2  R a m a n - a c t i v e  p h o n o n s  

A typical spectrum obtained from Nd-2222 is 
presented in Fig. 4a. To analyze non-polarized spec- 
tra, containing 4 - 5  lines from a structure with 16 
Raman-active modes, is rather ambiguous. However, 
we argue that all observed lines excluding the line 
at 308 cm -1 (for Nd-2222) and at 330 cm - l  (for 
Gd-2222) are Alg lines. Exploring the hypothesis of 
finely twinned grains in these ceramics, we compared 
the ratio of the intensities of the lines in cross (1±) 
and parallel (lit) polarizations. This ratio in the case 
of randomly oriented scatterers must be 3/4  for Big 
and Eg modes and lower than 3/4 for Alg modes 
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Table 4 
Calculated frequences of the IR-active A2u, Eu and the silent B2u modes in 
Gd-3222 and Nd-2222 

Gd-3222 Nd-2222 Gd-3222 Nd-2222 
A2u(TO) A2u(LO) A2u(TO) A2u(LO) Eu(TO) Eu(LO) Eu(TO) Eu(LO) 

63 81 55 83 76 77 78 79 
150 150 151 151 117 118 118 118 
182 184 177 177 189 190 188 190 
229 239 212 217 215 229 190 201 
321 446 330 445 321 333 266 316 
527 531 520 529 344 348 342 345 
532 587 619 657 348 370 346 383 
712 754 702 756 513 555 383 484 

640 691 509 551 
B2u B2u 634 686 616 678 

194 218 
372 375 

147 

; Lc  ! ' ,J , 

d m ' \  

[ > i "  . . . .  / 

r i,t. : ,  

I 

i! , i  ~, 

2;o 6;o 

Raman shift (era 1) 

Fig. 4. (a) Nonpolarized Raman spectrum of Nd2Ba2Ti2Cu2Ou 
grain. (b), (c) Polarized Raman spectra of Gd2Ba2Ti2Cu2Ou 
grain in crossed and parallel polarization, respectively. (e) Non- 
polarized spectrum of GdsBa2Ti2Cu2Ou grain with probably dis- 
torted or disordered structure. ,~L = 632.8 nm. 

(1 /3  for an Alg mode with O~xx = ayy << Cezz; 1/8 
for Alg mode with axx = aye, >> a:z  ; and ~ 0  for an 

Alg mode with axx = OS.y ~ a z : )  [22].  Because of 
the finite number of clusters in the laser spot, optical 
phenomena connected with the presence of crystal 
faces, polarization leakage, the weak intensity of 

some lines, etc., it is difficult to obtain reliable results 
for this ratio for all the lines. However, a comparison 
of experimental ratio of the 308 cm - t  (330 cm - I  in 
Gd-2222) line with the ratio of all other lines suggests 
their Alg symmetry (see Figs. 4b and 4c). Moreover, 

we can explore the similarity between the Gd-3222 
and R-2222 structures. Therefore we assign the lines 
at 120cm - I ,  145cm -1,  4 4 9 c m  - I  ( 4 4 5 c m  - I )  
and 752 cm -1 (754 cm - I )  in Gd-2222 (Nd-2222) 

to Ba-, Cu-, Ocu- and Oc,-Ti-modes, respectively. 
All these lines have analogs with close frequencies in 

Gd-3222. This assignment is in accordance with the 

calculated frequencies of these modes in Nd-2222 as 

well. The high I ± / I  I ratio of the line at 308 cm - j  in 
Nd-2222 (330 c m -  in Gd-2222) suggest its Big 
symmetry. The frequency shift depending on the type 

of rare earth (the distance between two oxygens from 
two adjacent Cu-O layers) is the same as lbr the 

similar Big mode in RBa2Cu3Ov_x series [23,24]. 
After numerous checks of different grains in the R- 

2222 ceramics we have obtained in some cases a dif- 
ferent type of spectra, one of them being displayed in 
Fig. 4d. In these spectra there are additional lines at 
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159 cm - l ,  638 cm - l  and 716 cm - l  . From the appar- 
ent similarity (intermediate cases have also been ob- 
served but are not displayed) with the "true" spectra, 
in our opinion these spectra indicate regions on the 
sample surface with lattice distortions resulting in a 
larger elementary cell [ 5 ] or a larger Cu-Ti disorder. 

Finally we comment on the lack of observed mix- 
ing between the two Big (and the similar B2u) modes. 
A significant mixing between two modes of the same 
symmetry exists only when the distance between ad- 
jacent oxygen atoms on different crystal positions, is 
on the order of two ionic radii of oxygen (2.8+3.0 
~) .  Then the mixing leads to two coupled vibra- 
tions (in-phase and out-of-phase motions of these 
atoms), one of them with a low (below 200 cm -1) 
frequency. In our case the distance between Ocu and 
OTi is 4.52+4.58 ]~ and this makes their vibrations 
practically independent. Moreover, comparing the 
calculated frequencies of the Big and B2u modes of 
Ocu and OTi (see Tables 3, 4), it is seen that only 
the Bzu mode of Ocu has a low frequency, whereas 
the frequencies of the Big and Bzu modes of (~, are 
nearly equal. In our opinion the reason for this is the 
same - the distance between two adjacent On along z 
is rather large (3.63 A). This rough rule could be used 
for a qualitative prediction of the frequencies of these 
type modes even in relatively complex structures. 

In summary, we have measured the Raman spec- 
tra of the layered R2Ba2Ti2Cu2011 (R = Nd, Gd) 
and Gd2CaBa2Ti2Cu2Ol2. The assignment of the ob- 
served lines is supported by lattice-dynamics calcula- 
tions based on a shell model. Predictions for the fre- 
quencies of the IR-active modes were made. It is sug- 
gested that the "layer by layer approach" and a com- 
parison with spectra of similar Cu- and Ti- structures 
is useful for a successful analysis of the spectra of 
more complex compounds. 
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