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The substitution of carbonate groups for copper in the oxide YBazCu307 has been studied 
by HREM. Two new phases, members of the series YnBa2nC~3n-1C0307n-3 have been evidenced 
for n = 2 and 3, respectively. The corresponding superstructures “2al23X b123X2~123” and 
“3al~3Xb1~3X2c1~3” correspond to the ordered substitution of one row of COS groups for one row 
of Cu04 groups out of two and three, respectively. The existence of 90O-oriented domains and 
of chemical twinning is also shown and the role of COS groups at  the domain boundaries discussed. 

Introduction 

The recent investigations of the substitution of the 
carbonate groups for copper in the 123 structure have 
allowed new phases with the formula (Y dZax)nA2n- 
C U ~ , ~ C O ~ O ~ & ~  to be evidenced for A = Sr, Ba. Some 
of these phases were found to superconduct, but with a 
critical temperature significantly smaller than that of the 
92 K superconductor YBazCu307. The possibility of 
introducing CO3 groups into the 123 structure, known to 
occur for Y1,Ca,Ba~Cu307_a,5~~ has never been studied up 
to now for the pure barium cuprate YBazCu307. Such an 
investigation is absolutely necessary if one takes into 
consideration the large possibility of applications of this 
material, which is now prepared and used either in the 
form of textured ceramics or of thin films. Carbonation 
phenomena might then appear a t  the level of Cu04 square 
planes of the structure, depending on the experimental 
method used for the process, that would alter the super- 
conductivity of the films or ceramics. The present paper 
reports on the electron microscopic observations of oxy- 
carbonates that were obtained from samples with nominal 
composition Y,Ba~~Cu3,&0307,+3. 

Experimental Section 

The samples were synthesised from mixtures of Y2O3, Ba- 
C03, BaO2, BaCuO2, and CuO following the formulation 
Y,Ba2,,Cuan-1C0s0,n-8, ground together in an agate mortar, 
pressed into pellets and sealed in evacuated silica tubes, the C02 
partial pressure being varied by changing the BaCOa/BaOz/ 
BaCuO2 ratios. Thus, the following molar ratios of Y2O3, BaC03, 
BaO2, BaCuO2, and CuO were used to make the n = 2,3, and 6 
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compounds respectively: [1:1:0:3:21, [1.51:0.5:4.5:3.5], and [3:1: 
2:9:81. Samples were heated at 800 or 900 “C for 6 h to 15 days, 
and the temperature was slowly decreased to ambient. Within 
the temperature and time limits given-i.e., a typical procedure 
would be heating the tube at  800 “C for 48 h before a 60 OC/h 
decrease in temperature-these synthesis conditions allow the 
stabilization of a 123-based oxycarbonate as major phase. 
Nevertheless, as detailed further, the observed n values do not 
always correspond to the initial composition. 

Powder X-ray diffraction patterns were registered on a Philips 
diffractometer, with Cu Ka radiation equipped with a backface 
monochromator. The electron diffraction study was performed 
with a JEOL 2OOCX electron microscope fitted with an eucentric 
goniometer (*60°) and the high-resolution work with a TOPCON 
002B microscope equipped with a double-tilt sample holder 
(*loo) and an objective lens with spherical aberration constant 
C, = 0.4 mm. For electron microscopy study, samples were gently 
ground in n-butanol and deposited on a holey carbon coated 
aluminum grid. 

Results and Discussion 

Whatever the nominal composition n = 2,3,  or 6 may 
be, i.e., whatever the COZ pressure, the powder X-ray 
diffraction pattern does not vary significantly. It evidences 
a 123-type major phase, YzBaCuOs, and BaC03 as a 
secondary phase. Nevertheless, if they do not vary, the 
refined parameters of the corresponding orthorhombic cell 
are different from those of YBazCu307: 

a = 3.857(1) A, b = 3.885(1) A, c = 11.585(1) A 

One indeed observes a significant decrease of the c 
parameter with respect to YBazCu307 (c = 11.676 A) 
leading to cla = 3.00 and c/b = 2.98. These preliminary 
results suggest a partial replacement of CuOr groups by 
“C03” groups; however, one does not observe any extra 
reflections that could imply an ordering of the rows of 
square-planar groups and of carbonate groups. 

The electron diffraction patterns are all characterized 
by the superimposition of 90O-oriented domains, as shown 
from the intense reflections in Figure 1. Their complexity 
is easily explained by the equivalent values of the ap 
parameter along the three directions of the perovskite 
subcell, so that the three zone axes [loo], [ O l O I ,  and [OOlI  

0897-4756/93/2805-1683$04.00/0 0 1993 American Chemical Society 



1684 Chem. Mater., Vol. 5, No. 11, 1993 Boullay et al. 

. I  . I  
c) 0.0 0 0.0 c) II . 1 : z a x z c  

" ? ? @ ? ? "  0 1 1  * .  oz:.::. * .  
1:3axZc 

o Zndorder .. .. . . .::.::. * .  
0 0 0 0 0 0 0 --C A I , C I I  0 0 0 c) 0.0 0 ---t A I . C I I  

Figure 1. [OlO] ED patterns of (a, left) n = 3 and (b, right) n = 2 microcrystals showing two superimposed SOo oriented lattices. In 
(a) observed satellites in I lattice lead to the superlattice -3aX2c. whereas in (b) satellites lead to a centered 2ax2c lattice. 
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Figure 2. [OIO] projection showing the regular substitution of 
carbonate groups for CuO, groups leading to a doubling of the 
aparameterin Y~Ba,Cu&OsOllandatriplingofthea parameter 
in Y3Ba&usCO3OIa. 

can be observed simultaneously on the same pattern. For 
most of the crystals one observes satellites, but their 
intensity varies dramatically from one crystal to the other. 
The n = 3 and n = 2 samples exhibit different super- 
structures. The ED patterns of the first one (Figure la) 
show incommensurate satellites corresponding to the 
supercell a a qXal23, b a 6123, c ii: 2~123 with q close to 3, 
whereas for the second one the observed satellites (Figure 
lb) correspond to a B centered supercell a a 2a123, b n 

bl23, c a 2~123. For n = 6, incommensurate satellites of the 
first type could only be observed. These observations 
support the viewpoint that in these samples the rows of 
Cu04 square planar groups are replaced by rows of COS 
groups in an ordered way, as in the Sr-based 123 oxycar- 
b ~ n a t e s . ~  The doubling of the "a" parameter of t h e n  = 
2 sample suggests that one row of carbonate group is 
substituted for one row of CuO4 groups out of two forming 
rows of Cu04 pyramids at  the level of Cul (Figure 2) ,  in 
agreement with the nominal composition Y~B&ICUSCO~OII; 
the tripling of the "a" parameter, which corresponds to a 
substitution of one row of COS groups for one row of Cu04 

group out of three in then = 3 sample, follows the nominal 
composition Y~BBsCUSCO~OIS. 

In agreement with the ED results, the high-resolution 
electron microscopy study leads to two main conclusions: 
all the observed crystals show domains and a contrast 
characteristic of carbonated 123 compounds, the density 
of carbonate substitution being directly correlated to the 
satellite intensity. As mentioned for other 123 oxycar- 
bonates, one of the most favorable focus value is 10 nm 
to enhance the carbonate substitution for copper. On the 
10-nm image of an n = 3 sample Y3BaeCusC0301~ 
microcrystal (Figure 3a), the 0.38-nm spaced bright dots 
forming rows parallel to can be correlated to mixed 
carbon/copper sites of the structure. Indeed, it has been 
shown6 that for this focus value, cation rows appear as 
bright spots for thin specimens (-3 nm), three rows of 
brighter spots,corresponding to barium and mixedcopper- 
carbon rows, alternate with three rows of a grayer ones, 
corresponding to yttrium and pyramidal copper rows; for 
thickerspecimens (>5nm),only themixedcopper-carbon 
rows are highlighted. On the latter rows, carbon appears 
as brighter dots. Thus, the ordering of carbonate can be 
directly related to the contrast modulation. In Figure 3, 
an almost regular n = 3 area is observed, where one of 
every three copper atoms is substituted by carbon. On 
the upper part of the image, the ordered replacement of 
one carbon every three copper of the CuO, square plane 
leads toamonoclinicelementary unit, Sa,-typeunit.Thus, 
the 3a1- (upper part of the image) and 3a11-type units 
introduced by Ohnishi's et al.3 can be deduced from this 
monoclinicelementary unit bya simple chemical twinning 
(Figure 3). 

The substitution of carbonate groups for CuO, groups 
never follows a true regular arrangement and no satellite 
system has ever been observed leading to a true monoclinic 
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Figure 3. [OlUl H R K M  image uf an  Y,HacCus('O,O,, microcrystal taken for a focus close to 10 nm. Brighter dots are correlated to 
carbon atoms. 'She currespunding 10101 prujectiun uf nn n = 3 regular area allows to define a monoclinic elementary 30. unit which 
leads by chemical twinning to the orthorhombic 3a1 unit. 
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Figure 4. (a, left) Low-magnification HREM image showing a mosaic-like contrast based on 90° rotated domains. (b, bottom) Detail 
showing that domain boundaries are carbon rich as proposed on joined model. Two defective 124 slabs are also observed (curved 
arrows). 

symmetry. Nevertheless the EM observations suggest a 
pseudoperiodic replacement corresponding to values of n 
close to 3 or 2. The peculiarity of the carbonated Ba- 
based 123 samples is shown on Figure 4. The size of 90' 
oriented domains is very small compared to that of other 
123 oxycarbonates and images showa mosaic-like contrast 
(Figure4a). A detailedview (Figure4b) confirms thatthe 
substitution of carbonate groups for CuO, groups at the 
level of Cu(1) has occurred almost periodically one time 
out of three. Note, similar to previous observations in 

carbonated Ca-based 123 samples, the smooth transition 
between 90' rotated domains that may be achieved through 
c o s  groups (Figure 4). Furthermore, the boundary 
between the 90' rotated domains follows steps parallel to 
(001),23 as on Figure 5 where the domain junction forms 
a complex steplike path highlighted with bright dots 
corresponding to C03 groups. 

Conclusion 
The introduction of carbonate groups on the copper 
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Figure 5. HREM image and corresponding model of a microcryst 
(001)IZS. 

sites of YBazCusO, has been demonstrated, leading to two 
ordered members, n = 2 and n = 3, of the family 
YnBa&u3,1C030,&. Attempts to prepare YBazCuaO?, 
in a sealed ampule starting from BaOz, have always 
evidenced the formation of these oxycarbonates. More- 
over, prepared under the experimental conditions de- 
scribed above, none of the Ba-based 123 oxycarbonates 
superconduct. It is now clear from this study that the 
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al showing that the domain boundary follows steps parallel to 

formation of such oxycarbonates depends on the exper- 
imental conditions, so that possible carbonation phenom- 
ena that may alter the superconducting properties should 
be taken into consideration for particular experi- 
mental methods used during the process of ceramics or of 
thin films. Electron microscopy can be used as a tool to 
identify the presence of such carbonates in the final 
material. 


