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A new chemical precursor system to the YBa2C~307-x (1 -2-3) superconductor using acetic acid and 
1,3-bis(dimethylamino)propan-2-ol (bdmapH) has been developed, a polynuclear complex [C~,(OAc),(bdmap)~(H~O)~]~ 
with a two-dimensional network linked by hydrogen bonds has been isolated and characterized from this system. 

Chemical processing of high-temperature superconductors homogeneity and low critical current. 1.2 We have been 
has attracted the attention of chemists and material scientists interested in using multicomponent molecular compounds as 
because it provides a way to overcome some of the inherent precursors because multicomponent molecular compounds 
weaknesses of ceramic superconductors and conventional with appropriate compositions and structures can not only 
processing methods such as difficulty of fabrication, poor reduce the number of variables in the synthesis and the 
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Fig. 1 The molecular structure of 1. Selected bond aistances and 
angles: Cu( 1)-O( 1) 1.912(4), Cu( 1)-0(3) 1.964(4), Cu( 1)-N( 1) 

1.959(4), Cu(2)-O(8) 2.336(5) A; 0(1)-Cu(l)-0(4) 175.4(2), N(1)- 

179.0(2)”. 

2.064( 5 ) ,  CU( 1)-0(4) 1.950(4), CU( 1)-0 (4’) 2.460(5), Cu(2)-0( 1) 
1.930( 4), CU( 2)-O( 2) 1.973 ( 5 ) ,  CU( 2)-N( 2) 2.065 (6), CU( 2)-O( 7) 

CU( 1)-O( 3) 171.1 (2), O( l)-Cu( 2)-0(7) 164.5 (2), O( ~)-CU( 2)-N( 2) 

inhomogeneity of the product, but also provide the possible 
preferential alignment of microstructures of the material and 
hence increase the critical current. Precursor systems using 
multicomponent molecular compounds are scarce. In 1989 
Rupich and coworkers reported a polynuclear complex with 
the composition of Cu303Ba2Y( OCH2CH20Me)7, which was 
used directly as a precursor for the YBa2C~307-s super- 
conductor.3 The existence of a two-dimensional network of 
CuO2 in this material was proposed. In our recent effort to 
synthesize multicomponent molecular compounds related to 
the 1-2-3 superconductor by using bifunctional ligands, we 
have found that 1,3-bis(dimethylamino)propan-2-ol 
(bdmapH) is an excellent ligand for binding to multiple metal 
centres.4 This prompted us to examine the possibility of 
developing a new precursor system for the 1-2-3 super- 
conductor using the bdmapH and acetate ligands. Indeed, an 
excellent precursor system was obtained. The results are 
reported here. 

Y(OAc)3, Ba(OAc):! and Cu(OAc)2(H20) were mixed in a 
1 : 2 : 3 ratio in acetic acid. This mixture was heated to boiling 
temperature. In the absence of the bdmapH ligand a 
blue-green solution was obtained. Upon concentration and 
cooling to ambient temperature, coprecipitation occurred and 
a mixed microcrystalline material was obtained. In contrast , 
upon addition of the bdmapH ligand (1 : 2 ratio of Cu/ 
bdmapH), the solution changed colour rapidly to dark-blue. 
After being concentrated and cooled to ambient temperature 
a viscous blue gel was obtained. Fibres can be drawn readily 
from this gel. The gel formed films readily on the surface of 
ordinary laboratory glassware. Upon further concentration a 
dark-blue glass material was obtained. This material can be 
readily converted into the Y B a 2 C ~ ~ 0 7 - ~  superconductor after 
calcination and sintering at 875°C under an oxygen atmo- 
sphere. The compressed pellet made from this material 
displayed the Meissner effect in liquid nitrogen. Magnetic 
susceptibility measurements for the powder sample at 19 G in 
the temperature range of 40-120 K revealed that the sample 
has an onset superconducting temperature of 92 K. The X-ray 
powder diffraction pattern of this sample is consistent with 
that of the YBa2C~307-x superconductor.1b 

In order to understand the role of the bdmap ligand played 
in this system, the reaction of Cu(OAc)2(H20), B ~ ( O A C ) ~  
and Y(OAc)3 with the bdmapH ligand was investigated. A 
polynuclear copper(I1) species with the formula of 
[ C ~ ~ ( O A c ) ~ ( b d m a p ) ~ ( H ~ O ) ~ ] ~  1 has been isolated. This 
compound can also be synthesized by the reaction of 
C U ~ ( O A C ) ~ ( H ~ O ) ~  with bdmapH in 1 :  1 ratio in nearly 
quantitative yield. 1 is an air-stable, dark-blue crystalline 
material and was fully characterized by IR, elemental analysis, 

Fig. 2 A diagram showing the two-dimensional hydrogen-bonded 
network of 1. 

and single-crystal X-ray diffraction. I’ The molecular structure 
of 1 is given in Fig. 1. 1 consists of four CuII ions in a zig-zag 
chain arrangement. The molecule has an inversion centre. 
Cu(1) and Cu(2) are bridged by an acetate ligand and an 
oxygen atom of the bdmap ligand. The Cu(1)-Cu(2) separa- 
tion is 3.496(2) A. The coordination geometry of Cu(1) can be 
described as a square-pyramid with the O(4’) atom of an 
acetate li and occupying the fifth position, Cu(1)-O(4’) = 
2.460(5) 1. Similarly the geometry of Cu(2) can also be 
described as a square-pyramid with the H20 ligand occupying 
the fifth position, Cu(2)-0(8) = 2.336(5) A. This dimer is 
linked to the other dimer through the O(4) atom of the acetate 
ligand to form a zig-zag chain with the Cu(1)-Cu(1’) separa- 
tion of 3.537(3) A. Tetranuclear copper(r1) complexes with 
zig-zag chain structures have been reported previously.5 It is 
well known that the acetate ligand typically bridges two metal 
centres through both oxygen atoms. The single oxygen atom 
bridging mode of the acetate ligand observed in this com- 
pound is uncommon, but has been observed previously in a 
few dinuclear copper(I1) complexes such as the [Cu2( 1-methyl- 
imida~ole)~(O~CCH~)~].(H~O)~ complex.6 

There are extensive hydrogen bonds7 in 1 as shown in Fig. 2. 
The zig-zag Cu4 chains are linked together to form a 
one-dimensional chain through intermolecular hydrogen 
bonds between the O(7) atom of the acetate ligand bonded to 
the Cu(2) atom and the O(8”) atom of the water ligand bonded 
to Cu(2”), O(7)-O(8”) = 2.764(7) A. The Cu(2)-Cu(2”) 
separation is 5.435(3) A. The coordination-free oxygen atom 
O(6) of the acetate forms a hydrogen bond with the water 
molecule 0(10), O(6)-O(10) = 2.806(8) A. A similar 
situation has been observed in the compound4b [Cu4- 
( b d m a ~ ) ~ (  OH)2( H20)( OAC)~][PF~] .  The one-dimensional 
chain is further linked together through hydrogen bonds 
between the chains. The O(8) atom forms an additional 
hydrogen bond with another water molecule 0(9),  O(8)-0(9) 
= 2.787(8) A. The O(9) atom is further linked to the O(5) and 
O(5”) atoms of acetate ligands through the formation of two 

-k IR for 1 (KBr): dcm-1 3200-3600 (s, br), OH. 
Crystal data for 1: triclinic, Pi, Z = 1, M = 1006.9, a = 10.554(5), b 

= 11.611(3), c = 9.406(3) A, a = 102.87(2), (3 = 99.87(3), y = 
101.88(3)”, V = 1070.7(7) A3. Data were collected on a Rigaku 
AFC6-S diffractometer with graphite-monochromated Mo-Ka radia- 
tion. The structure solution and refinements were carried out by using 
the TEXSAN software program package on a VAX workstation 3520. 
The structure was solved by heavy-atom methods. Atoms heavier than 
the carbon atom were refined anisotropically. Convergence to final R 
values of R = 0.045 and R, = 0.052 was achieved by using 2087 
reflections [Ez 2 3o(P)] and 179 parameters. Atomic coordinates, 
bond lengths and angles, and thermal parameters have been deposited 
at the Cambridge Crystallographic Data Centre. See Notice to 
Authors, Issue No. 1. 
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hydrogen bonds, O(9)-O(5) = 2.796(8), O(9)-O(5”) = 
2.854(9) A. As a consequence, this compound has a two- 
dimensional extended structure in the solid. The formation of 
two hydrogen bonds of the O(5) atom with two water 
molecules may be the cause of the single oxygen bridge mode 
of the acetate ligand. Hydrogen bonds have been known to 
play an important role in the hydrolysis and condensation 
process of sol-gel.2b However, structure data are scarce. The 
structure of 1 provides evidence that hydrogen bonds may 
have played a critical role in the solution process of the 
precursor system. The gel formation in our precursor system 
could be the direct result of the two-dimensional hydrogen- 
bonded copper network observed in 1. 

Magnetic susceptibility of 1 was measured in the tempera- 
ture range 4-297 K on a SQUID device. The data were fitted 
by using a tetramer chain model8 involving two exchange 
constants, J21 = Jlt2‘ = J1, .Il1! = J2. The best fit yielded J1 = 
-85.6 cm-1, J2 = 13.1 cm-1 and g = 2.23. These results 
suggest that the electron spin exchange in 1 is dominated by 
antiferrornagnetism. 

Although we have not been able to isolate any heterometal- 
lic species from this system, some clues regarding the possible 
bimetallic Y-Cu species in this system may be obtained from a 
new compound L a C ~ ~ ( O ~ C C F ~ ) ~ ( b d r n a p ) ~ ,  2 synthesized 
recently by our group .9 In the LaCu2( 02CCF3)4(bdmap)3 
compound, the La(02CCF3)3 unit is linked to a dimeric 
[Cu2( 02CCF3)(bdmap)3] unit through the oxygen atoms of 
the three bdmap ligands. We believe that the acetate analogue 
of 2 involving yttrium may be present in the precursor 
solution. Further study of this system is in progress. 
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